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Abstract
This paper addresses the energy balancing passivity-based control design approach for the purpose of stabilizing dynamical 
systems at a desired set-point. A simple electrical network is used to illustrate and discuss the applicability of the proposed 
approach. Besides, closed-loop simulations are included.
Keywords: Passivity-based control, energy balancing controller, dissipation obstacle, electrical network.

Tóm tắt
Bài báo này giới thiệu phương pháp thiết kế điều khiển dựa trên thụ động cân bằng năng lượng để ổn định hóa hệ động 
lực tại điểm cài đặt mong muốn. Một mạng điện đơn giản được sử dụng để minh họa và chỉ ra khả năng ứng dụng của 
phương pháp. Bên cạnh đó, mô phỏng vòng kín cũng được thực hiện.
Từ khóa: Điều khiển dựa trên thụ động, bộ điều khiển cân bằng năng lượng, trở ngại phân tán, mạng điện.

1. Introduction
This paper deals with the control design of 

general nonlinear dynamical systems [1–3] whose 
dynamics are described by a set of Ordinary 
Differential Equations (ODEs) and affine in the 
input u as follows:

( ) ( ) ; ( 0)

( )

init
dx f x g x u x t x
dt
y h x

 = + = =

 =

 (1)

where ( )x x t=  is the state vector in the operating 
region nD ⊂  , ( ) nf x ∈  and ( ) mh x ∈  
express the smooth (nonlinear) functions with 
respect to the vector field x . The input-state map, 
the control input and the output are represented by 

( ) n mg x ×∈ , mu ∈  and my ∈ , respectively. It 
is worth noting that many industrial applications of 
electrical, mechanical or biochemical engineering 
belong to this kind of systems [4–9].
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Many control methodologies have been 
developed for the stabilization of the system (1) 
at a desired set-point *x . This is for instance the 
case for sliding mode control, adaptive control, 
model predictive control and machine learning 
control etc. to cite a few. Recently, passivity-
based control methodology which is recognized 
as an extension of the Lyapunov approach has 
attracted much attention from researchers and 
practitioners (see e.g. [4, 5] for the control 
design of electromechanical systems and 
[7–9] for open thermodynamic systems and 
nonlinear systems). In addition, the authors in 
[6] proposed an interconnection and damping 
assignment passivity-based control framework. 
Those results were of great interest, yet for 
instance limited to a particular structure of the 
system dynamics called the port-Hamiltonian 
representation. In this work, the applicability 
of energy balancing passivity-based control 
is discussed without the port-Hamiltonian 
formulation, with a particular emphasis on the 
electrical network in order to further explore 
the network topology. The control design and 
simulation scenario are main contributions of 
this work.

This paper is organized as follows. Section 2 
gives a brief overview of the energy balancing 
passivity-based control design approach. Section 
3 is devoted to the case study of a simple electrical 
network. The energy balancing controller design, 
discussions on the applicability and numerical 
simulation are included. Section 4 ends the paper 
with some concluding remarks. 

Notations. The following notations are 
considered throughout the paper:

•   is the set of real number;

• Τ  is the matrix transpose operator;

• m  and n  ( m n≤ ) are the positive integers;

• 
*x is the set-point;

• initx  is the initial value of the state vector.

2. The energy balancing passivity-based 
control design approach

2.1. Some basic concepts
Definition 1 [2, 3, 8]. The nonlinear dynamical 

system defined by (1) is said to be dissipative 
regarding to the supply rate ( ( ), ( ))s u t y t  if there 
exists a storage function :H D +→ so that the 
inequality below holds for all x D∈ and 0t > ,

( ) ( ) ( )
0

( ) (0) ( ), ( )
t

H x t H x s u y dτ τ τ− ≤ ∫  (2)

The above inequality shows a physical 
meaning that the increase in the energy of the 
system from 0 to t  is always smaller than the 
total amount of energy supplied by an external 
source at the same time. The value of storage 
function ( )( )H x t expresses the total energy of 
the system at any time. As a consequence, if the 
storage function ( )( )H x t  is differentiable for all
x D∈ , the inequality given by (2) is equivalent 
to ( ) ( )( ) ( ), ( )H x t s u t y t



≤ .
Definition 2 [2, 3, 8]. The nonlinear 

dynamical system (1) is said to be passive if it is 
dissipative with respect to the supply rate given 
by ( ) T( ), ( ) ( ) ( )s u t y t u t y t= , i.e.:

 ( ) T( ) ( ) ( )H x t u t y t


≤    (3)

2.2 The energy balancing passivity-based 
control design approach 

The key idea of energy balancing passivity-
based control is to find a static state feedback [3, 5]

 
( )( ) ( ) ( )u t x t tβ υ= +    (4)

so that the closed-loop system is again a passive 
system with storage function dH , with respect to 

yυ   where υ  is the novel input. Indeed, we 
derive from equations (3) and (4):

( ) T( ) ( ) ( )dH x t t y t


υ≤  (5)
where 

( ) ( )T( ) ( ) ( )aH x t x t y tβ−


  (6)
and 

( ) ( ) ( )( ) ( ) ( )d aH x t H x t H x t= +  (7)

H.N.Ha, N.H.Hiep, L.P.Quyen / Tạp chí Khoa học và Công nghệ Đại học Duy Tân 06(37) (2019) 03-07
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Eq. (7) is called the Energy Balance Equation 
(EBE). Moreover, the storage function dH has 
the global minimum at the desired set-point *x  
for the purpose of stabilization when settling

0υ = . For the dynamic system (1), the EBE is 
equivalent to the following partial differential 
equation (PDE)

( )( )
T

T( ) ( ) ( ) ( )aHx h x f x g x x
x

β β∂ − = + ∂ 
 (8)

A necessary condition for the solvability of 
the PDE (8) is [5]:

 
* T *( ) ( ) 0x h xβ =    (9)

In physical systems, this necessary condition 
may be related to the so-called dissipation 
obstacle. In such a situation, the system is said 
to be pervasive or power is not equal to zero at 
equilibrium.

3. The case study 

3.1. A simple electrical network 
To illustrate the concepts introduced in Section 

2, we consider next a simple electrical system, 
which is the RLC series circuit as sketched in 
Figure 1.

Figure 1: A series  circuit.

By considering Kirchhoff’s voltage law 
together with constitutive equations considered 
for three passive elements ,R L  and C , a second 
order ordinary differential equation of the circuit 
can be derived below

( ) ( ) ( ) ( )
2

2

1C C
C

d q t dq t
L R q t V t

dt dt C
+ + = (10)

where ( )Cdq t
dt

 is the electric current with )(tqC

the charge stored in the capacitor. The electric 
current is assumed to be the controlled variable 
(i.e. the output) of the electrical network.

Let ( )( ): ( ),C Lx q t tφ Τ
=  be the vector consisting 

of the charge )(tqC  and the magnetic flux through 

the conductor, that is, ( ) ( ) ,C
L

dq t
t L

dt
φ =  Eq. (10) 

can be rewritten as follows [5]:

( )( ) 1C
L

dq t t
dt L

φ=            (11a)

( ) ( ) ( )1 ( )L
C L

d t Rq t t V t
dt C L

φ
φ= − − +

     
(11b)

The system dynamics (11a)(11b) lead to 
the state-space representation given by (1) with:

( )
( )

( ) ( )

1

1

L

C L

t
Lf x

Rq t t
C L

φ

φ

 
 

=  
 − −  

,          (12)

( ) 0
,

1
g x u V 

= = 
 

            (13)

( ) ( )1
Ly t i t

L
φ= ≡ (the electric current). (14)

It is shown that the system is passive with the 
storage function defined by [5]

( )( ) 2 21 1( ),
2 2C L C LH q t t q
C L

φ ϕ= +           (15)

This storage function is equal to the total energy 
of the system (i.e., it characterizes the amount of 
energy stored in capacitor and inductor). Hence 
it has the unit of energy.

Remark 1. The states ( )Cq t  and ( )L tφ  
converge to the nonzero values at steady state, 
that is, Cq CV∗ ∗=  and 0Lϕ∗ = , if the constant 
voltage source V ∗ is different from 0.

3.2 The control design
Proposition 1. A state feedback law given by

1 1 1( ) ( )C Cu t q t q
K C K

∗ = − + +  
 (16)

with 1 1 0
C K

 + >  
(1) globally asymptotically 

(1) This implies that either 0K >  or K C< − .

H.N.Ha, N.H.Hiep, L.P.Quyen / Tạp chí Khoa học và Công nghệ Đại học Duy Tân 06(37) (2019) 03-07
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stabilizes the system (1)(12)–(14) at the 
equilibrium ( )* *

1 ,0x x
Τ

= .
Proof. (see also [5] for a different version 

of the stability proof) First of all, we can check 
easily that the power of any equilibrium is equal 
to zero, i.e. * 0u y∗ = . Hence, the condition (9) 
is met and the energy balancing passivity-based 
control design is therefore applicable. In fact, as 
the natural energy ( )( )( ),C LH q t tφ  (15) already 
has a minimum at the desired equilibrium 

0Lϕ∗ = , we only need to shape the total energy 
( ) ( ) ( )( ) ( ) ( )d aH x t H x t H x t= +  with respect to 

Cq in such a way that ( )( )dH x t  reaches a global 

minimum at ( )* *
1 ,0x x

Τ
= .  Consequently, we 

can take aH  as a function of Cq only. We derive 
from (8)

 

( )( ) a C
C

C

dH qq
dq

β = −             (17)

Using (16), Eq. (17) leads to 
2 *1 1 1( )

2a C C C CH q q q q
K C K

 = − +  
. From this, 

it follows that the total energy function ( )dH x  
admits a global minimum at ( )* *

1 ,0x x
Τ

=  since its 

Hessian matrix 

1 1 0

10

C K

L

  +    
 
  

 is positive definite 

and the time derivative 
2( )d LdH x R

dt L
φ = −   

is 

negative. As a consequence, ( )dH x plays the role 
of a global Lyapunov function for the purpose 
of the stabilization [1]. The latter completes the 
proof.

Remark 2. If the structure of the circuit is 
changed to a parallel RLC circuit (i.e. L  in 
series with R  in parallel C  circuit), the dynamic 
equations of the circuit are described by the state-
space representation (1) with [5]:

 

( )
( ) ( )

( )

1 1

1

C L

C

q t t
RC Lf x

q t
C

φ − + 
=  

 −  

,           (18)

 
( ) 0

,
1

g x u V 
= = 

 
            (19)

( ) ( )1
Ly t i t

L
φ= ≡ (the electric current).   (20)

The admissible equilibria are now of the 

form * * *, Lx CV V
R

Τ
 =   

for any *V . We can 

check easily that the power of any equilibrium 
except the trivial one is nonzero, i.e. u y ≠ . 
Hence, the condition (9) is not fulfilled and the 
energy balancing passivity-based control design 
is therefore not applicable to this case.

 3.3 Numerical simulation 
The simulations are implemented using 

Matlab & Simulink. The model parameters are 
given with 4C =  (F), 1

2
R =  (Ω) and 6.25L =  

(H)(2). The open loop input voltage is a unit step, 
that is, ( ) ( )u t S t=  where ( )S t  is the unit step 
function. The initial conditions are chosen to be 

1 1,( 0) 3initx t x= = =  and 2 2,( 0) 0initx t x= = = . 

Figure 2: The convergence of the states w.r.t. time.

For the control objective, we propose to stabilize 
the system at the natural equilibrium ( )* 0,0x Τ= (3) 

(2) It can be shown that the damping factor 1
2

R
L

C
ζ     

equals 0.2. The open loop system is therefore underdamped.
(3) This set-point can be used without loss of generality as 
long as it belongs to the admissible equilibria given by 

( )* *
1 ,0x x

Τ
=

.

H.N.Ha, N.H.Hiep, L.P.Quyen / Tạp chí Khoa học và Công nghệ Đại học Duy Tân 06(37) (2019) 03-07
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using the energy balancing controller (16) with 
10K = − . Figure 2 shows that the system (1)

(12)–(14) is globally stabilized as expected. 
In addition, the manipulated input u  (16) is 
physically admissible in terms of amplitude and 
dynamics as seen in Figure 3.

Figure 3: The manipulated input w.r.t. time.

4. Conclusion
In this paper, an unstable series RLC  

circuit is used to illustrate the energy balancing 
passivity-based control and its applicability. It 
remains now (i) to adapt the proposed results to 
nonlinear systems with dissipation obstacle and 
(ii) to compare the performance of the control 
approach with other control methodologies such 
as tracking error-based control [8] and/or power-
shaping control [9].
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Abstract
This study aims at establishing machine learning models based on Sequential Piecewise Linear Regression (SPLR) for 
regression analysis in structural engineering. SPLR is a powerful machine learning approach which can deliver good 
predictive accuracy. In this paper, we develop a software program of SPLR in MATLAB.

Keywords: Regression Analysis, Structural Engineering, MATLAB, SPLR.

Tóm tắt
Nghiên cứu này xây dựng mô hình học máy dựa trên thuật toán Sequential Piecewise Linear Regression (SPLR) dùng 
cho phân tích hồi quy trong lĩnh vực kết cấu xây dựng. SPLR là một phương pháp học máy có thể đưa ra các mô hình có 
độ chính xác cao dựa trên phân tích các tập dữ liệu thí nghiệm. Trong bài báo này, chúng tôi phát triển một chương trình 
phần mềm để dự báo khả năng chịu lực của kết cấu trên nền tảng MATLAB.

Từ khóa: Phân tích hồi quy, Kết cấu xây dựng, Ngôn ngữ MATLAB, SPLR.

1. Introduction
Regression analysis is widely encountered 

problems in structural engineering [1-3]. These 
problems typically involve the construction of 
the mathematical relationship between a set 
of influencing factors and a modeled variable. 
This mathematical relationship is then used for 
supporting decision making processes in structural 
design phases [4-7]. Recent works in machine 
learning have created effective data analysis tools 

for regression analysis that are demonstrated to 
be more capable than conventional statistical 
approaches [8]. Accordingly, these advanced 
data analysis tools such as neural network [9] and 
support vector machine [10], and many others 
have drawn attention of structural engineers.

Particularly, in structural engineering, 
empirical data modeling is very important 
because phenomena in this field are inherently 
complex and heavily relied on experimental 
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results. Therefore, machine learning has been 
widely utilized to generate data-driven models 
that can be used to predict behavior of real-world 
structural systems [11]. Hence, the investigation 
of new machine learning based regression 
methods is necessary for both practical uses and 
educational purposes. 

Since machine learning has been increasingly 
popular in the community of structural engineering 
[12-14], this study constructs a software 
program based on Sequential Piecewise Linear 
Regression (SPMR) used for nonlinear function 
approximation with applications in structural 
engineering. The SPMR model has been proposed 
and described in the previous work of Hoang 
[5]. The main advantages of the SPMR model 
are that its structure can be explicitly described, 
visualized, and interpreted. These advantages 
make this tool suitable for structural engineers in 
modeling various complex phenomena.

The rest of the paper is organized as 
follows: the second section briefly mentions the 
formulation of SPMR; two application cases of 
the newly developed program are demonstrated 
in the third section; concluding remarks of this 
paper are stated in the final section.

2.  Sequential Piecewise Linear Regression 
(SPLR)

In statistical field, multiple linear regression 
(MLR) is a widely used method for data modeling 
[15]. Given a set of data, MLR can be used to 
express a relationship between a set of explanatory 
variable X and a response variable Y in form of 
a meaningful predictive equation. Nevertheless, 
MLR cannot cope with nonlinear data due to 
its respected assumption on linear relationships 
among variables [16]. To employ the advantage 
of the conventional MLR and extend its modeling 
capability, researchers and practitioners have 
resorted to piecewise variants of MLR [17].

A piecewise MLR employs an individual 
linear model to fit a subset of the input data X. 
The transition location from a predictor domain 
to another predictor domain is often called 
as a breakpoint or a knot. A knot is defined as 
the value of a predictor variable where the 
linear functions intersect [16]. The break point 
locations permit the overall learning space to be 
separated into subspaces within which multiple 
linear models can be employed to fit the collected 
data. Generally, appropriate values of knots are 
unknown and must be identified in a data-driven 
manner. 

The mathematical formula of piecewise MLR 
with one knot is shown as follows [18]:

1

, ,
1
1

, ,
1

( )

D

d i d i d
d

i D

d i d i d
d

X if X b
Y X

X if X b

β

β

+

=

+

=

 ≤= 
 >

∑

∑
   (1)

where Xi denotes the vector of the i th explanatory 
variable consisting of D elements. b denotes the 
breaking point value. Y denotes the response 
variable.

3. SPLR Program Applications
Notably, a sequential algorithm  described in 

[5] relied on the concept of a hinge function [19], 
to automatically construct the piecewise MLR 
based on the collected data set. The Graphical 
user interface (GUI) of SPLR program is shown 
in Fig. 1. The SPMLR program supports both 
single run of model training and testing and 
multiple runs for model evaluation purpose. The 
model parameters include the maximum number 
of iterations, the number of knot candidates, and 
the regularization parameter. Notably, to run the 
program, the user needs to download and install 
MATLAB Runtime version R2017b (9.3) at:

https://www.mathworks.com/products/
compiler/matlab-runtime.html
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Fig. 1 Graphical user interface (GUI) of SPLR program

Moreover, to appraise the performance of the 
model, Root Mean Square Error (RMSE), the 
mean absolute percentage error (MAPE), the 
mean absolute error (MAE), and the coefficient of 
determination (R2) are utilized. These indices are 
automatically computed by the SPRL program. 
For a single run, the user needs to provide the 
whole data set, the divided training set, and the 
divided testing set. The format of the dataset is 
.csv. The program will automatically normalize 
the dataset using Zscore normalization, perform 
model training, and perform prediction with data 
converted to the original range. The separated data 
sets are stored in the folder “DividedDataSets”. 
The model results are provided in the folder 
“ModelPredictionResult”. 

In addition, the file of ModelTestPerformance.
csv stores the model performance of 
the testing phase. For multiple runs, 
the model performance is stored in the 
files of MeanModelTestPerformance, 
M e a n M o d e l T r a i n P e r f o r m a n c e , 
s t d M o d e l T e s t P e r f o r m a n c e , 
stdModelTrainPerformance which show 
the average and the standard deviation of the 
outcomes (RMSE, MAPE, MAE, and R2). 
The model structure is provided in the folder 
ModelPredictionResult/ ModelStructure. 
The file of Knots_X_i stores the knot 
values of the ith variable. The file of 

ReshapedLinearModelParameters.csv stores 
the parameters of the linear model as described in 
[5]. Each column of the file includes 5 elements 
which are the parameters of the linear model (See 
Fig. 2). 

Fig. 2 File that store the parameters of the linear models

For instance, if each variable has 1 knot, then 
the first column is the parameters of the linear 
model of the 1st variable; the second column is the 
parameters of the linear model of the 2nd variable 
and so on. However, if the variable X1 has 2 
knots, then the first column is the parameters of 
the linear model of the 1st knot of X1. The second 
column is the parameters of the linear model of 
the 2nd knot of X1. Hence, the third column is the 
parameters of the linear model of the 1st knot of 
X2, and so on.

In the first application, the software program 
is used to estimate the punching shear capacity 
of steel fibre reinforced concrete (SFRC) flat 
slabs. The machine learning based model is 
used to construct a prediction model that can 
approximate the mapping function between the 
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punching shear capacity of SFRC flat slabs and 
its influencing factors. A data set consisting 140 
samples with six influencing factors of slab depth, 
effective depth of the slab, length or radius of the 
loading pad or column, compressive strength of 
concrete, the reinforcement ratio, and the fibre 

volume has been collected from the literature [5]. 
This data set is then used to train and verify the 
SPLR program. The prediction performance of 
SPLR (RMSE = 28.27, MAPE = 12.96%, and R2 
= 0.90) for the first application case is shown in 
Fig. 3.

Fig. 3 Prediction performance of SPLR for the first application case

In the second application, the software program 
is employed to predict the shear strength of fiber 
reinforced concrete corbels. A dataset including 
10 predictors and 108 samples has been collected 
and documented by Fleming [20]. The employed 
predictors are the shear span for corbels divided 
by the effective depth of the corbel, the width 
of the corbel, the height of the corbel, the steel 
reinforcement ratio, the tensile strength of fiber, 
the yield strength of steel reinforcement, the 

compressive strength of the concrete for cube 
specimens, the compressive strength of the 
concrete for cylinder specimens, the splitting 
tensile strength of fiber reinforced concrete, and 
the volumetric fiber ratio. The targeted output 
is the load carrying capacity of fiber reinforced 
corbels. The prediction performance of SPLR 
(RMSE = 110.09, MAPE = 12.14%, and R2 = 
0.92) for the second application case is shown 
in Fig. 4.

Fig. 4 Prediction performance of SPLR for the second application case

4. Conclusion
Regression analysis is a crucial task in structural 

engineering. To assist structural engineers in this 
task, this study develops a software program 
based on SPLR algorithm. The applicability of 

the software program has been demonstrated via 
two case studies using collected data sets of the 
punching shear capacity of SFRC flat slabs and the 
shear strength of fiber reinforced concrete corbels. 
Good predictive results demonstrate that the SPLR 
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program can be a useful tool for researchers and 
engineers for modeling other processes in the field 
of structural engineering.

Supplementary materials
The compiled SPLR program and the 

experimental datasets can be assessed via: 
https://github.com/NhatDucHoang/SPLR_ML
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Abstract
This paper presents a space vector modulation (SVM) method for matrix converters under unbalanced input voltage 
condition. By considering the proper voltages to calculate new duty cycles, the proposed method can achieve a balanced 
sinusoidal output-current waveform. Under balanced and sinusoidal input voltages, the proposed SVM method provides 
the same results as the conventional SVM method. The simulation results are shown to confirm the correctness of the 
proposed method.
Keywords: Matrix converter, ac-ac power converter, space vector modulation method, unbalanced input voltages.

Tóm tắt
Bài báo này trình bày phương pháp điều chế vector không gian cho bộ biến tần ma trận trong điều kiện nguồn mất cân 
bằng. Bằng cách xem xét các điện áp thích hợp để tính tỉ số đóng cắt trong từng sector, phương pháp đề xuất có thể đạt 
được dòng đầu ra dạng sin cân bằng. Trong điều kiện nguồn sin cân bằng, phương pháp điều chế vector không gian đề 
xuất cho kết quả giống với phương pháp truyền thống. Kết quả mô phỏng đã kiểm chứng tính chính xác của phương pháp 
đề xuất.
Từ khóa: Bộ biến tần ma trận, bộ biến tần ac-ac, phương pháp điều chế vector không gian, nguồn mất cân bằng.

I. Introduction
In the last two decades, matrix converters (MCs) 

have been received increasing attention since they 
may become a suitable alternative to the traditional 
inverters in industrial applications [1]. Indeed, the 
absence of bulky electrolytic capacitors for energy 
storage is one of the salient advantages of the 
MC which leads to the MC being more compact, 
robust, and reliable [2]. However, due to the lack 
of dc-link capacitors for energy storage, the MC 

becomes more sensitive to any disturbance in the 
supply voltages, because it will be immediately 
transmitted to the output voltages [3]. Therefore, 
the MC should be considered under the abnormal 
input voltage conditions.

Nowadays, there are several modulation 
strategies that can be applied to the MC. In 1980, the 
first modulation strategy was proposed by Venturini 
in [4]. In 1987, the scalar control algorithm was 
proposed by Roy and April in [5]. In 1987, the 
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first idea of carrier-based modulation method was 
presented in [6]. In 1989, Huber and Borojevic 
proposed in [7] the indirect space vector modulation 
(SVM) method which considers MC as a two-stage 
converter: a rectifier stage provides a constant 
imaginary DC-link voltage and a conventional 
inverter generates the three-phase output voltage. 
In 1993, Casadei, Grandi, Serra and Tani proposed 
in [8] the direct SVM method. Compared to other 
methods, the direct SVM method provides a more 
flexible technique and easy understanding of the 
direct power conversion. This paper focuses on the 
direct SVM method for three-phase MCs.

Fig. 1. A common three-phase to three-phase 
MC configuration.

Table 1. Possible switching configurations in the MC
Switching 

configurations
Output  
Voltage

Input 
Current

No A B C Vo αo Ii βi

Group
I

+1 a b b 2vab/3 0 2iA/√3 -π/6

-1 b a a -2vab/3 0 -2iA/√3 -π/6

+2 b c c 2vbc/3 0 2iA/√3 π/2

-2 c b b -2vbc/3 0 -2iA/√3 π/2

+3 c a a 2vca/3 0 2iA/√3 7π/6

-3 a c c -2vca/3 0 -2iA/√3 7π/6

+4 b a b 2vab/3 2π/3 2iB/√3 -π/6

-4 a b a -2vab/3 2π/3 -2iB/√3 -π/6

+5 c b c 2vbc/3 2π/3 2iB/√3 π/2

-5 b c b -2vbc/3 2π/3 -2iB/√3 π/2

+6 a c a 2vca/3 2π/3 2iB/√3 7π/6

-6 c a c -2vca/3 2π/3 -2iB/√3 7π/6

+7 b b a 2vab/3 4π/3 2iC/√3 -π/6

-7 a a b -2vab/3 4π/3 -2iC/√3 -π/6

+8 c c b 2vbc/3 4π/3 2iC/√3 π/2

-8 b b c -2vbc/3 4π/3 -2iC/√3 π/2

+9 a a c 2vca/3 4π/3 2iC/√3 7π/6

-9 c c a -2vca/3 4π/3 -2iC/√3 7π/6

Group
II

0a a a a 0 x 0 x

0b b b b 0 x 0 x

0c c c c 0 x 0 x

Group
III

r1 a b c x x x x

r2 a c b x x x x

r3 b c a x x x x

r4 b a c x x x x

r5 c a b x x x x

r6 c b a x x x x

Currently, there are some research papers 
that have been published on reducing the effects 
of unbalanced input voltages. However, these 
researches are based on the indirect SVM method 

[9], [10] or need complex equations [11], [12]. 
This paper presents a modified direct SVM that 
can reduce the undesirable effects of unbalanced 
input voltages with simple duty cycles. Therefore, 
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the proposed method can replace the conventional 
SVM method in most of the cases. Simulation 
results verify the correctness and effectiveness of 
the proposed SVM method.

II. Conventional SVM method
Fig. 1 shows a common 3x3 MC configuration 

which consists of 9 bidirectional switches. In 
a balanced operation, the instantaneous input 
voltages are as follows:

 
cos( )
cos( 2 / 3)
cos( 2 / 3)

ia i

ib i i

ic i

v t
v V t
v t

ω
ω π
ω π

   
   = = −   
   +   

iv   (1)

where iV  and iω  are the amplitude and the angular 
frequency of the input voltage, respectively. 

With the relevant symbols shown in Fig. 
1, the space vectors of input/output voltages 
and currents are defined, respectively, by the 
following equations:

 2 /3 4 /32( ) / 3 ijj j
i ia ib ic iv v v e v e V e απ π= + + =   (2)

 2 /3 4 /32( ) / 3 ojj j
o A B C ov v v e v e V e απ π= + + =   (3)

 2 /3 4 /32( ) / 3 ijj j
i ia ib ic ii i i e i e I e βπ π= + + =


  (4)
 2 /3 4 /32( ) / 3 ojj j

o A B C oi i i e i e I e βπ π= + + =


.  (5)

Fig. 2.  (a) The location of output voltage vector. (b) The 
location of input current vector.

Hereafter, any space vector will be referred to 
simply as a vector.

There are 27 possible switching configurations 
(SCs) to satisfy 2 main rules in an MC: i) input phases 
should never be short-circuited, and ii) the output 
currents should not be interrupted. These 27 SCs are 
listed in Table I and categorized into three groups: 

1) Group I consists of active vectors.
2) Group II consists of zero vectors.
3) Group III consists of synchronous vectors. 

Normally, the space vectors in group III are 
not used because the output-voltage and input-
current vectors have time-varying directions. 

The first 18 SCs determine the location of 
output voltage vector ov  and input current vector 

ii


 in ( , )α β  plane as shown in the (a) and (b). 
The conventional SVM method is based on the 
selection of 4 suitable active vectors and zero 
vectors to control ov  and ii



. The zero SCs are 
applied to complete the sampling period sT .

For example, both ov  and ii


 are lying in sector 
1 ( 1, 1v ik k= = , where vk  and ik  are the output 
voltage vector sector and the input voltage vector 
sector, respectively) as shown in Fig. 2. The desired 
output voltage vector ov  can be synthesized from 
two vectors '

ov  and "
ov . The '

ov  component can 
be synthesized using two of six possible SCs

1, 2, 3± ± ± . Only two SCs giving higher voltage 
magnitude vectors are considered to generate '

ov . In 
the case 1ik = , two higher voltage values are abv  and

acv , so SCs +1 and -3 should be selected. Likewise, 
SCs −7 and +9 are selected to generate "

ov . 

Table 2. Selected SCs for each combination of output voltage and input current sectors 
in the conventional SVM method

Huu Nhan Nguyen / Tạp chí Khoa học và Công nghệ Đại học Duy Tân 06(37) (2019) 13-18



16

With a similar procedure, the selected SCs for 
all combinations of the output voltage and the 
input current sectors are summarized in Table II.

 The general expressions of duty cycles are as 
follows:

 ( )
1

sin sin / 62
cos3

o i

i

qd
α π β

δ
−

=    (6)
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2

sin sin / 62
cos3

o i

i

qd
α π β

δ
+

=    (7)
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where /o iq V V=  is the voltage transfer ratio, 
i i iδ α β= −  is the input current displacement angle.

Zero SCs are required to complete the 
sampling period with the duty cycle:

 ( )
0

cos / 6 cos21
cos3

o i

i

qd
α π β

δ
−

= − .  (10)

Fig. 3. Switching pattern for output voltage sector 1 and input current sector 1 of the conventional SVM method.

Fig. 3 shows the switching pattern 
corresponding to the case of 1, 1= =v ik k .

All duty cycles in the conventional SVM 
method must satisfy the following constraints:

 0 1; 0,..,4nd n≤ ≤ = .   (11)
This leads to the well-known restriction of the 

voltage transfer ratio in the MC:
 3 cos

2 iq δ≤ .    (14)

III. Proposed SVM method
Without any assumption, equation (2) can be 

rewritten as follows:
 2 1 3

3 3 3i ab bc bcv v v j v = + +  
  (12)

From (12), it is worth noting that the input 
voltage space vector does depend only on the 
input line-to-line voltages in any condition. 
Likewise, the output voltage space vector only 
depends on the input line-to-line voltages.

In principle, the proposed SVM method is 
based on the selection of four suitable active 
vectors to synthesize the reference output 
voltage vector under the unity input power factor 

constraint. The zero SCs are applied to complete 
the sampling period Ts. For example, both the 
out voltage space vector and input current 
space vector are lying in sector 1. Like in the 
conventional SVM method, four SCs +1, –3, –7, 
+9 are selected in this case.

The duty cycles of SCs −7 (d1) and +9 (d2) in 
this case should satisfy the following relationship:

 1 2
2 2 2 sin
3 3 3ab ac o ov d v d V α+ =  (13)

Since magnitude of input current is 
independent of the phase angle of output current, 
the relationship between d1 and d2 is given by:

 1 2sin( / 6 ) sin( / 6 )i id dπ β π β+ = −  (14)
By solving equations (13) and (14), the duty 

cycles for SCs −7 and +9 become as follows:

 1
sin .sin( / 6 )

DEN
o o i

i

Vd
V

α π β−=  (15)

 
2

sin .sin( / 6 )
DEN

o o i

i

Vd
V

α π β+=  (16)

where
DEN cos( / 6 )sin( / 6 ) cos( / 6 )sin( / 6 )i i i iπ α π β π α π β= + − + − +  
     (17)
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Table 3. Simulation parameters

Power supply Input filter Output load

Vs = 220V
fi = 60Hz

Lf = 2mH
Cf = 22μF
Rd = 30Ω

R = 10Ω
 = 15mH

fo = 50Hz
Vo = 150V

Similarly, the duty cycles for SCs +1 (d3) 
and –3 (d4) are as follows:

3
sin( / 3 ).sin( / 6 )

DEN
o o i

i

Vd
V

π α π β− −=  (18)

4
sin( / 3 ).sin( / 6 )

DEN
o o i

i

Vd
V

π α π β− +=  (19)

Fig. 4.  (a) Three-phase input voltage. (b) Three-phase 
output current. (c) Three-phase input current.

IV. Simulation results
Simulations are carried out for a three-phase 

symmetrical RL load by using PSIM 9.0 software. 
The simulation parameters are shown in Table 3. The 
switching frequency of the SVM methods is 10 kHz, 
corresponding to the switching period of 100 μs.

Figures 4(a), (b), and (c) show the power 
supply phase voltage, three-phase output current, 
and three-phase input current, respectively. At 

14 mst = , the power supply voltage is subjected to 
an imbalance. As can be seen in Fig. 4(b), the three-
phase output current is sinusoidal and balanced. 
Obviously, the input currents are unbalanced to 
ensure the conservation of energy law.

V. Conclusion
This paper has presented an improved SVM 

method that drives MC under the unbalanced input 
voltage condition. The proposed SVM method 
requires information about input line-to-line 
voltage, which is the same as in the conventional 
SVM method, to calculate the duty cycles. 
Therefore, the proposed method can replace the 
conventional SVM method in most of the cases due 
to the simplicity and generalization. The simulation 
results are provided to validate the correctness and 
effectiveness of the proposed method. 
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Abstract
Mining frequent itemsets from a transaction database has emerged as a fundamental problem in data mining and 
been considered as a building block for many mining tasks. In this paper, we present a simple technique to reduce the 
intersection cost in the existing PrePost scheme. Our technique is based on an early-stopping criterion and general enough 
to be applicable in many frequent itemset mining algorithms. We have evaluated our technique over several datasets and 
proved its effectiveness in runtime reduction.

Keywords: Frequent itemset mining, PrePost, N-list, earlystopping criterion.

Tóm tắt 
Khai thác các tập phổ biến từ một cơ sở dữ liệu giao dịch đã trở thành một bài toán cơ bản trong khai mỏ dữ liệu và có thể 
được dùng như một khối cơ sở cho các tác vụ khai thác. Trong bài báo này, chúng tôi trình bày một kỹ thuật đơn giản để 
giảm chi phí tính phần giao trong thuật toán PrePost đã có. Kỹ thuật của chúng tôi dựa trên một tiêu chuẩn kết thúc sớm 
và nó khá tổng quát, có thể áp dụng trong nhiều thuật toán khai thác mẫu khác. Chúng tôi đã đánh giá kỹ thuật này trên 
một số tập dữ liệu và chứng tỏ được khả năng rút ngắn thời gian chạy.

Từ khóa: Khai thác tập phổ biến, PrePost, N-list, tiêu chuẩn dừng sớm.

I. Introduction
Frequent itemset mining, first proposed by 

Agrawal et al. [1], has become a popular data 
mining technique and plays a fundamental role in 
many important data mining tasks such as mining 
association rules, correlations, episodes and so on. 
There have been thousands of research publications 
following this initial idea. Although lots of 
algorithms have been proposed, how to improve 
the efficiency of mining algorithms is still one of 
several key research problems to be solved.

Recently, Deng et al. [2], [4] proposed 
PrePost and its enhanced version PrePost+ for 
mining frequent itemsets. Both of them employ 
a novel data structure named N-list to represent 
itemsets and adopt single path property of N-list 
to directly discover frequent itemsets without 
generating candidate itemsets in some cases. 
The experiments in [2], [4] show that PrePost/
PrePost+ runs faster than some state-of-the-art 
mining algorithms including FP-growth [7] and 
FP-growth*[6].
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In this work, we further improve PrePost 
by proposing a simple yet effective technique 
to stop early the check of infrequent candidate 
itemsets. Given an infrequent candidate itemset, 
the technique accumulates that evidence of 
infrequency and decides it early, so further 
redundant processing steps are dropped. 
The runtime reduction is always guaranteed, 
especially on datasets with complex structures.

We review the related work in the next 
subsection. The existing PrePost is described 
in Section II. Our proposed technique will 
be presented in Section III followed by the 
evaluation (Section IV). Finally, we conclude the 
paper and propose future work in Section V.

Related work
Itemset mining is an important problem of 

data mining. Currently, there are many variations 
of itemset mining such as frequent itemset 
mining [1, 7, 12], frequent closed itemset mining 
[10, 11], frequent weighted itemset mining [9], 
erasable itemset mining [3] and so on. However, 
frequent itemset mining is the most popular as it 
plays an important role in association rule mining 
[1], sequential mining [5], classification [8]. 
There have been a large number of algorithms 
which effectively mine frequent itemsets. They 
may be divided into three main categories:

• Methods that use a candidate generate-
and-test strategy: These methods use a 
level-wise approach for mining frequent 
itemsets. First, they generate frequent 
1-itemsets which are then used to generate 
candidate 2-itemsets, and so on until no 
more candidates can be generated. Apriori 
[1] is a seminal work in this category.

• Methods that adopt a divide-and-conquer 
strategy: Methods that compress the dataset 
into a tree structure and mine frequent 
itemsets from this tree by using a divide-
and-conquer strategy. FP-Growth [7] and 
FPGrowth* [6] are exemplar algorithms.

• Methods that use a hybrid approach: These 
methods use vertical data formats to compress 
the database and mine frequent itemsets by 
using a divide-and-conquer strategy. Eclat 
[12], dEclat [11], and Node-list-based method 
[2], [4], are some examples.

II. PrePost
In this section, we review basic concepts 

of frequent pattern mining and PrePost before 
describing the improvement technique in the 
next section.

A. Frequent itemsets
We assume a dataset DB consists of n 

transactions such that each transaction contains 
a number of items belonging to I where I = 
{i1,i2,...,im} is the set of all items in DB.

The support of an itemset X, denoted by ρ(X) 
where X ⊂ I, is the number of transactions in DB 
which contain all the items in X. An itemset X is a 
“frequent itemset” if ρ(X) ≥ ⌈minSup × n⌉, where 
minSup is a given threshold. Note that a frequent 
itemset with k elements is called a frequent 
k-itemset, and F1 is the set of frequent 1-itemsets 
sorted in frequency descending order.

Table I shows a DB of 10 transactions with 
I={a,b,c,d,e}. The minSup is fixed to 0.3, i.e., 
itemsets with frequency at least 3 will be output, 
e.g., {a, c} with frequency 4 as it appears in the 
transactions 3, 4, 6 and 8. The items are sorted 
in frequency descending order as {a, c, e, d, b} 
because their frequencies are 7, 7, 7, 6, and 3 
respectively. The third column of Table 1 displays 
the transactions in DB with reordered items.

Table 1. An example of transaction dataset

Transaction Items Transaction with reordered items
1 a, d, e a, e, d
2 b, c, d c, d, b
3 a, c, e a, c, e
4 a, c, d, e a, c, e, d
5 a, e a, e
6 a, c, d a, c, d
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7 b, c c, b
8 a, c, d, e a, c, e, d
9 b, c, e c, e, b
10 a, d, e a, e, d

B. PPC-tree and N-list
Given a reordered DB, PPC-Tree [2] is a tree 

structure defined as follows
• It consists of one root labeled as null ({}), 

and a set of item prefix subtrees as the 
children of the root.

• Each node in the item prefix subtree contains 
five fields: name, frequency, childnodes, pre, 
and post. The field name registers which item 
this node represents. The field frequency 
registers the number of transactions containing 
a path reaching this node. The field childnodes 
registers all children of the node. The field pre 
is the pre-order rank of the node. The field 
post is the post-order rank of the node. For a 
node, its pre-order is the sequence number of 
the node when scanning the tree by pre-order 
traversal and its post-order is the sequence 
number of the node when scanning the tree by 
post-order traversal.

Fig. 1 demonstrates how the PPC-Tree is built 
from the reordered transactions in Table I. We 
start with a null root. Then the first transaction 
{a, e, d} is inserted in the PPC-Tree by creating 
nodes named a, e and d with frequency 1. 
Similarly, for the second transaction {c, d, b}, a 
new child node of the root and two descendent 
nodes are added. The third and fourth subfigures 
show the tree after the insertion of {a, c, e} and 
{a,c,e,d}. The full PPC-Tree is shown in Fig. 2.

Figure 1. Ppc-tree after inserting first four transactions

Figure 2: Full PPC-Tree

The pre-order and post-order ranks are tagged 
in a pair of numbers next to each node in Fig. 
2. PP-code [2] of each node N in PPC-Tree is a 
triple < N.pre,N.post,N.frequency >.

N-list [2] of a frequent item x, denoted as NL(x) 
is a sequence of all the PP-codes of nodes N with 
N.name = x in the PPC-Tree. The PP-codes are 
arranged in an ascending order of their pre-order 
ranks. Fig. 3 lists the N-list of all 1- itemsets.

Clearly, the support of 1-itemset x is the sum of 
frequencies of PP-codes in NL(x). For example, 
ρ(c) = 4+3 = 7,ρ(d) =2 + 2 + 1 + 1 = 6.

N-list of k-itemset [2] is defined as follows. 
Let XA and XB be two (k-1)-itemsets with the 
same prefix X such that A is before B according 
to the frequency ordering. NL(XA) and NL(XB) 
are two N-lists associated with XA and XB, 
respectively. The N-list associated with XAB is 
determined as follows (this is performed in NL 
intersect function in Algorithm 2):

1) For each PP-code PA ∈ NL(XA) and PB ∈ 
NL(XB), if PA is an ancestor of PB in PPC-Tree, the 
algorithm will add < PA.pre,PA.post,PB.frequency >

a →< 0,6,7 > c →< 3,5,4 >,< 7,12,3 > e →< 
1,1,3 >,< 4,3,3 >,< 11,11,1 > d →< 2,0,2 >< 
5,2,2 >< 6,4,1 >< 8,8,1 > b →< 9,7,1 >< 
10,9,1 >< 12,10,1 >

Figure 3: N-list of 1- itemsets to NL(XAB).

2) Traversing NL(XAB) to combine the PP-
codes which has the same pre and post values.

Example 2.1: NL(c) = {< 3,5,4 >,< 7,12,3 >} 
and NL(e) = {< 1,1,3 >,< 4,3,3 >,< 11,11,1 >}, 
therefore NL(ce) = {< 3,5,3 >,< 7,12,1 >} and 
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the support of ce is ρ(ce) = 3 + 1 = 4. 

C. PrePost Algorithm
In this section, we briefly describe the PrePost 

algorithm [2] (see Algorithm 1). PrePost starts 
with the construction of PPC-Tree (Line 1) and 
computation of NL-list of frequent 1-itemsets 
(Line 2). At each level k (Lines 4-13), we try to 
test every pair of k-itemsets XA and XB having the 
same (k-1)-prefix X by computing the intersection 
XAB = NL intersect(NL(XA),NL(XB)) (Line 8). If 
XAB is frequent (Line 9) then it is inserted in Fk+1 

and its N-list is appended to NLk+1.

Algorithm 1 PrePost [2]
Input: DB: database with n transactions. 

minSup : minimum support.
Output: F, the set of all frequent itemsets
1: Scan DB to obtain F1, the set of all frequent 

1- itemset, and build the PPC-Tree
2: Scan the PPC-tree to generate the N-lists of 

frequent 1itemset NL1

3: F = F ∪ F1, k = 1
4: while Fk! = ∅ do
5: Fk+1 = ∅
6: NLk+1 = ∅
7: for XA,XB ∈ Fk with the same (k-1)-prefix 

X do
8: XAB = NL intersect(NL(XA),NL(XB))
9: if XAB.frequency ≥ ⌈minSup × n⌉ then
10: Fk+1 = Fk+1 ∪ XAB

NLk+1 = NLk+1 ∪ NL(XAB)

14: return F.

Algorithm 1 is presented as a Breadth-First-
Search (BFS), similar to Apriori [1]. In practice, 
however, we usually run it in Depth-First-Search 
(DFS) to reduce the memory usage.

The main steps of NL intersect are depicted 
in Algorithm 2. Similar to the well-known 
technique to merge two sorted lists, we maintain 
two indexes i and j and check for the intersection 
from left-to-right. The criteria for the merge 
(Lines 5-6) is stated in Section II-B, i.e., the i-th 
triple in NL(XA) is mergeable to the j-th triple in 
NL(XB) if and only if the former is the ancestor 
of the latter in the PPC-Tree.

Again with Example 2.1, the step-by-step 
merge between NL(c) and NL(e) is as follows. < 
3,5,4 > is non-mergeable to < 1,1,3 > so it is 
tested against the next j, i.e., < 4,3,3 > where it is 
mergeable and returns < 3,5,3 >. Then < 3,5,4 >, 
when compared to < 11,11,1 >, fails at Line 6, so 
we consider the next i, i.e., < 7,12,3 >.

Clearly, < 7,12,3 > is mergeable to < 11,11,1 
>, returning < 7,12,1 >. The intersection stops 
and we get NL(ce) = {< 3,5,3 >,< 7,12,1 >}.

Algorithm 2 NL intersect [2]
Input: NL(XA) = {< x1i,y1i,z1i >}, NL(XB) = 

{< x2j,y2j,z2j >} : N-lists of k-itemsets XA and XB.
Output: NL(XAB), N-list of (k+1)-itemset 

XAB
1: i = 1, j = 1
2: n 1 = |NL(XA)|, n2 = |NL(XB)|
3: NL(XAB) = ∅
4: while i ≤ n 1 AND j ≤ n2 do
5: if x 1i < x2j then 6: if y 1i > y2j then
7: NL(XAB) = NL(XAB)∪ < x1i,y1i,z2j >
8: j = j + 1
9: else
10: i = i + 1
11: else
12: j = j + 1
13: merge elements with same (pre,post) pair in 

NL(XAB) 14: return NL(XAB).
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III. PrePost-ES: An early stopping criterion
In PrePost, calls to NL intersect (Algorithm 2, 

Line 8) contribute to the main runtime cost. We 
observe that the intersection set XAB needs to go 
through the size test in Line 9 before it is used to 
update Fk+1 and NLk+1 (Lines 10 and 11).

Our main idea is to integrate the size test into 
function NL intersect in order that if the test 
fails early, we can stop the computation in NL 
intersect and return an empty XAB. As we will 
see, this simple technique is quite general and 
reduces the runtime effectively.

We present this idea in Algorithm 3. Compared 
to NL intersect, the new points in NL intersect ES 
includes the new input minS and Lines 3,4,12-
14. Line 4 sets the upper limit for skip. At any 
triple i of NL(XA), if it is non-mergeable, we 
increase skip (Line 12). If skip exceeds ∆, we 
stop and return an empty set (Lines 13-14). We 
demonstrate the effectiveness of NL intersect ES 
in the next example.

Example 3.1: Given NL(d) = {< 2,0,2 >< 
5,2,2 >< 6,4,1 >< 8,8,1 >} and NL(b) = {< 9,7,1 
>< 10,9,1 >< 12,10,1 >}, if we call

NL intersect(NL(d),NL(b)), we need to run 5 
checks for

(i,j) = (0,0),(1,0),(2,0),(3,0),(3,1) in which 
only pair (3,0) matches, so we getNL(db) = {< 
8,8,1 >}. With support 1 (less than minS = 3), db 
is not frequent.

In calling NL intersect ES(NL(d),NL(b)), we 
know that minS = 0.3 × 10 = 3 and ∆ = ρ(d) − 
minS = 6 − 3 = 3.

After the two (failed) checks (i,j) = (0,0),(1,0), 
we increase skip to 2 + 2 = 4, exceeding ∆, so we 
safely conclude that db is not frequent, omitting 
the three remaining checks.

Algorithm 3 NL intersect ES
Input: NL(XA) = {< x1i,y1i,z1i >}, NL(XB) = 

{< x2j,y2j,z2j >} : N-lists of k-itemsets XA and XB. 

Absolute minimum support minS = ⌈minSup × n⌉
Output: NL(XAB), N-list of (k+1)-itemset 

XAB
1: i = 1, j = 1
2: n1 = |NL(XA)|, n2 = |NL(XB)|
3: skip = 0
4: ∆ = ρ(XA) − minS
5: NL(XAB) = ∅
6: while i ≤ n1 AND j ≤ n2 do
7: if x1i < x2j then
8: if y1i > y2j then
9: NL(XAB) = NL(XAB)∪ < x1i,y1i,z2j >
10: j = j + 1
11: else
12: skip = skip + z1i

13: if skip > ∆ then
14: return ∅
15: i = i + 1
16: else
17: j = j + 1
18: merge elements with same (pre,post) pair in 

NL(XAB) 19: return NL(XAB).

Table 2: Dataset properties

Dataset #Items #Trans
Accidents 468 340,183

Chess 76 3,196
T10I4D100K 870 100,000
T40I10D100K 942 100,000

IV. Experiments

In this section, we compare the performance 
of the proposed technique PrePost-ES and the 
baseline PrePost only in terms of running time. 
Both of them return correct results and consume 
the same amount of memory, so the memory 
comparison is omitted. The datasets are described 
in Sections IV-A. We show the comparison of 
runtime in Section IV-B. The algorithms are 
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implemented in C++ and run on a desktop PC with 
Intelr Core i7-6700@ 3.4Ghz, 16GB memory.

A. Experiment Setup
We use four datasets as shown in Table II. The 

chess dataset is from different game steps. The 
accidents dataset contains traffic accident data. 
The T10I4D100K and T40I10D100K datasets are 
synthetic datasets from [1].

We compare our technique PrePost-ES (Early 
Stopping) against the original PrePost [2]. Recall 
that the technique is easily plugged to any 
frequent pattern mining schemes that require the 
intersection operation for support counting.

B. Comparison of Runtime
In this section, we evaluate the runtime 

improvement of our proposed scheme PrePost-
ES. Table 3 compares the 

Table 3: PrePost-ES vs. PrePost in number 
of checks and runtime (in seconds)

Dataset minSup PrePost PrePost-ES

#Checks Runtime #Checks Runtime

Accidents

0.1
0.2
0.3
0.4

1.117e9
2.059e8
5.356e7
1.674e7

18.335
5.886
4.716
4.447

1.011e9
1.743e8
4.459e7
1.496e7

18.323
5.672
4.466
4.295

Chess

0.2
0.3
0.4
0.5

1.474e9
2.581e8
5.630e7
1.374e7

278.292
32.863
5.697
1.134

1.440e9
2.491e8
5.355e7
1.297e7

267.839
32.669
5.697
1.133

T10I4D100K

0.0002
0.0005
0.001
0.002

1.195e9
2.717e8
9.266e7
3.888e7

3.354
1.483
1.334
1.092

8.764e8
2.177e8
8.153e7
3.487e7

2.812
1.391
1.310
1.058

T40I10D100K

0.002
0.005
0.01
0.02

4.792e10
1.338e10
2.206e9
8.316e7

104.234
29.262
7.074
2.937

3.509e10
8.908e9
1.292e9
5.984e7

78.116
20.021
5.274
2.862

performance of PrePost and PrePost-ES over 
four datasets and different values of minSup. We 
report the number of checks (refer to Example 
3.1) and runtime (in second).

Clearly, PrePost-ES reduces the number of 
checks thanks to the early-stopping criterion. 
The runtime, therefore, decreases considerably, 
especially on T10I4D100K and T40I10D100K.

V. Conclusion
We have presented a simple yet effective 

technique to accelerate the existing PrePost 

algorithm. Our technique is based on an early-
stopping criterion for N-list intersection. We 
have evaluated our proposed scheme PrePost-
ES over four datasets and different minimum 
supports. The results confirm the effectiveness of 
our method. For future work, we plan to apply 
this technique to other frequent pattern mining 
problems that rely on list intersections.
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Abstract
Traffic sign recognition is one of the most challenging issues in traffic monitoring systems, driver assistance systems, or 
unmanned vehicles. In this paper, we present a combinational method of Principal Component Analysis (PCA), Linear 
Discriminant Analysis (LDA) and smart navigation system for Vietnam traffic sign recognition in unmanned vehicles. 
This proposed method employs the information of navigation system to reduce the capacity of trained database, while it 
still promotes the advantages of PCA and LDA combination to recognize Vietnam traffic signs. The effectiveness of this 
proposed method is verified by simulation in Matlab. The simulation results have shown that the proposed system has 
attained an accurate rate of 98.88%. 

Keywords: Vietnam traffic sign, recognition, PCA, LDA, smart navigation system, unmanned vehicle.

Tóm tắt
Nhận dạng biển báo giao thông là một trong những vấn đề thách thức nhất trong hệ thống giám sát giao thông, hệ thống 
hỗ trợ người lái hoặc phương tiện không người lái. Trong bài viết này, chúng tôi trình bày một phương pháp kết hợp Phân 
tích thành phần chính (PCA), Phân tích phân biệt đối xử tuyến tính (LDA) và hệ thống điều hướng thông minh để nhận 
dạng biển báo giao thông Việt Nam trên xe không người lái. Phương pháp đề xuất này sử dụng thông tin của hệ thống 
định vị để giảm dung lượng của cơ sở dữ liệu được đào tạo, trong khi vẫn phát huy những lợi thế của kết hợp PCA - LDA 
để nhận biết biển báo giao thông Việt Nam. Hiệu quả của phương pháp đề xuất này được xác minh bằng mô phỏng trong 
Matlab. Kết quả mô phỏng đã chỉ ra rằng hệ thống được đề xuất đã đạt được tỷ lệ chính xác là 98,88%.

Từ khóa: Biển báo giao thông Việt Nam, nhận dạng, PCA, LDA, hệ thống dẫn đường thông minh, xe không người lái.

1. Introduction
Transportation system plays a very important 

role in developing the economy and society of 
a nation. It consists of traffic roads, vehicles, and 

equipment, such as traffic signs, lights and traffic 
information. Traffic signs are signs located at the 
side of or above roads to give instructions or provide 
information to road users via graphics or symbols. 

TRƯỜNG ĐẠI HỌC DUY TÂN
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Each nation has own traffic sign system based on 
international criteria. However, the differences of 
them are the language and culture, and Vietnam is 
not an exception. Traffic sign recognition system 
is regarded as a vital component of Intelligent 
Transportation System (ITS), driver assistance 
systems and autonomous vehicles [1-3]. In this 
traffic sign recognition (TSR) system, there are 
two major parameters: Running Time per sample 
(RT) and Correct Rate Recognition (CRR) [4-6]. 
However, it is very difficult to ensure that both 
parameters are improved. The reason is the correct 
recognition  rate of the system depends upon the 
training database. The larger the database, the higher 
the reliability, but the running time gets higher. To 
solve this problem, H. Fleyeh and  E. Davami [7] 
proposed a method using Eigen-based for traffic sign 
recognition. This method was based on invoking 
the principal component analysis (PCA) algorithm 
[6]. An algorithm has attained the performance rate 
of 96.8% in traffic sign recognition. Hagar et al. 
[8] proposed using PCA and Linear Discriminant 
Analysis (LDA) as the pre-classification steps 
before passing to the K-Nearest Neighbor (KNN) 
for identification. Zenghao Shi et al. [10] proposed 
a method for traffic sign recognition based on a 
combination of PCA and LDA. The combination 
of PCA and LDA created a better class of space 
than previous studies, namely higher recognition 
rates than traditional PCA. Especially, when the 
number of training samples is greater than 6, the 
efficiency reached up to 99.37% in TSR. Johannes 
Stallkamp [11] proposed an improvised German 
traffic sign recognition system. A dataset of more 
than 43 classes of 50,000 traffic sign images has 
been collected with the strong variations in visual 
appearance of signs due to distance, illumination, 
weather conditions, partial occlusions, and rotations. 
One of the practical ideas is based on the Histograms 
of Oriented Gradients (HOG), LDA, and Vector 
Quantization (VQ). A recognition rate of 96.87 % 
was obtained in the technique proposed. Yi Lei et al. 
[12] proposed a sparse representation method with 

add-on advantages in terms of good expression, 
cognitive and compression. An algorithm proposed 
was highly effective over German traffic signs 
database (GTSDB) with a staggering performance 
of 96%. The technique was used in five different 
KNN parameters for evaluation of system data and 
the performance rate in some cases touched even 
100%. 

Although the above-mentioned studies were 
very promising in the traffic sign recognition, this 
problem still continue to impact ITS because of 
massive database. Because of massive database, the 
precise system  identification can increase but the 
speed of processing reduces the real time response. 
However if the database size is small and simple, 
the reliability of the system can decrease. The 
objective of this paper is to address this problem 
by adding a subsystem to the traditional traffic 
sign recognition system. The proposed system is 
capable of compacting the traffic sign database for 
each route and re-training the database, reducing 
the complexity of the database as well as reducing 
the calculation time for each identification sample. 
The algorithm used in the proposed technique is 
the combination of PCA and LCA and makes 
use of existing navigation system in Vietnam to 
support the reduction of database.

The rest of this paper is organized as follows: 
Section II presents our proposed traffic sign 
recognition system model in detail. Section III 
discuss about the experimental results. Finally, 
Section IV is our conclusions and future works.

2. Proposed traffic sign recognition system
2.1. Traditional traffic sign recognition systems 
An ordinary traffic sign recognition system 

works in two modes: Training Mode and 
Prediction Mode. In Training mode, the database 
is built via collecting a set of traffic signs for 
training and validation. In Prediction mode, the 
system can recognize a traffic sign which has not 
been seen before. Figure 1 gives the overview of 
Traditional Traffic Sign recognition system.
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Fig. 1. Traditional Traffic Sign Recognition System- Phases

Pre-processingPre-processing

In the Training mode, the camera module 
performs the task of collecting image data of 
traffic signs. These images contain the useful 
information about the traffic signs and may also 
contain other information such as trees, houses, 
signage, and transportation. These images are 
called “Raw Traffic Sign Images”. These photos 
are taken via traffic sign detection algorithms 
to determine the Region of Interest (ROI). 
After acquiring the images, the ROI images are 
normalized in size, adjusted with brightness cum 
contrast and converted into gray-scale image in 
pre-processing process. After pre-processing, 
the feature extraction process gets the significant 
information of the traffic signs for training. These 
images form the database of the system. 

In Prediction mode, the camera collects images 
containing unknown signs. These images are 
processed in the same manner like Training mode. 
Data extracted is matched with the database, from 
which the system can determine what type of traffic 
sign it is. In particular, the database is created once 
during Training mode and used throughout the 
Prediction mode. In order to apply the model in 
real-time especially in country like Vietnam, the 
database has to be very large, covering 233 types 
of traffic signs in Vietnam. 

The main drawback observed from Training 
and Prediction modes is that it is too complex to 
understand and difficult to predict the images in 
real-time, which automatically affects the real-
time performance. In order to overcome this 
limitation, the novel method for Traffic Sign 
recognition is proposed in this paper. 

2.2. Terminologies 
Principal Component Analysis (PCA)
Feature vectors in traffic sign recognition 

problems have very large dimensions, up to 
thousands. In addition, the number of data points 
is also very large. The system will have difficulty 
with both storage and calculation speed when 
executing on the original database. Therefore, 
reducing the number of dimensional data is 
an important step. Dimensionality Reduction, 
simply stated, is a function of finding a function, 
which takes the input as a primitive data point 

Dx R∈ with very large D, and produces a new 
data point Kz R∈  with K <D. The simplest 
method in Dimensionality Reduction algorithms 
is based on a linear model, called Principal 
Component Analysis. This method is based on 
the observation that data are often not randomly 
distributed in space that is usually distributed near 
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particular planes. The PCA considers a special 
case where those particular aspects are linearly 
represented as subspaces. The simplest way to 
reduce the dimension from D to K < D is to retain 
only the most important K elements. However, 
this is certainly not the best way since we do 
not know which component is more important. 
Or in the worst case, the amount of information 
that each component carries is the same, leaving 
out any component that leads to the loss of a 
large amount of information. However, if we 
could represent the initial data vectors in a new 
base system, the importance of the components 
is distinct; we can ignore the least important 
components. PCA method enables finding a new 
base system so that the information of the data is 
concentrated in a few coordinates, while the rest 
is carried only by small amounts of information. 

The following steps highlight the working of 
PCA:

Step 1. Take the whole dataset consisting of 
n-dimensional samples ignoring the class labels. 
All images in the database are converted into 
column vectors I1, I2, …, In .  These images are 
converted to gray-scale images and calibrated to 
the same size.

Step 2. Compute the d-dimensional mean vector.
Step 3. Standardize the database.
Step 4. Compute the covariance matrix of the 

whole data set. 

  
S =

1
N

X
^

X
^ T

Step 5. Compute eigenvectors (u1, u2,..., un) 
and corresponding eigenvalues (λ1,λ2,...,λn).

Step 6: Sort the eigenvectors by decreasing 
eigenvalues and choose k eigenvectors with the 
largest eigenvalues.

Step 7: Project data to selected eigenvectors.
Step 8: Obtain projected points in low 

dimension.
PCA is an unsupervised method. The 

implementation of the PCA over all data does 

not depend on the class (if any) of each data. 
This sometimes causes PCA not to work for 
classification problems. Indeed, suppose in two-
dimensional space, two classes are distributed 
along two sides of a straight line. As such, the 
PCA will most likely allow us to retain the main 
component of that line. When projecting data 
onto this line, both classes are mixed, resulting 
in poor classification. There is a method similar 
to PCA to take advantage of information about 
classes to determine which projection direction, 
the method called Linear Discriminant Analysis.

Linear Discriminant Analysis (LDA)
The idea of an LDA was created to address the 

problem of PCA survival. Consider the following 
example in Fig 2.

Fig. 2. Example of classification problem with 2 classes

There are two data layers illustrated by blue 
and red dots. Data dimension is reduced by 
projecting them to different lines d1 and d2. In 
these two dimensions, the direction of d1 is similar 
to the direction of the first major component of 
the data, and the direction of d2 is closer to the 
subset of the data if PCA is used. Although it is 
the main component, when projected onto d1, red 
and green dots overlap, making classification of 
data impossible on this line. But when we view 
on d2, the data of the two classes are separated 
into corresponding clusters, which makes 
classification easier and more efficient. The bell 
curve represents the approximate distribution of 
the projection data in each class. 

Small standard deviations indicate less 
scattered data. This means that the data in each 
class tends to be the same. The gap between 
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the expectations is great, demonstrating that 
the classes are far apart, meaning that the data 
between the classes is very different. The distance 
between expectations is also called between-class 
variance. Classes are called discriminative if the 
between-class variance is large and within-class 
variance is small. Linear Discriminant Analysis 
is an algorithm for finding a projection so that the 
ratio between between-class variance and within-
class variance is the greatest possible.

The following steps highlight the working of 
LDA:

Step 1. Compute the d−dimensional mean 
vectors for the different classes from the dataset 
Y.

Step 2. Compute the scatter matrices (in-
between-class and within-class scatter matrix).

Step 3. Compute the eigenvectors (e1,e2,...,ed) 
and corresponding eigenvalues (λ1,λ2,...λd) for 
the scatter matrices.

Step 4. Sort the eigenvectors by decreasing 
eigenvalues and choose k eigenvectors with the 
largest eigenvalues to form a d×k dimensional 
matrix W (where every column represents an 
eigenvector).

Step 5. Use this d×k eigenvector matrix to 
transform the samples onto the new subspace. This 
can be summarized by the matrix multiplication: 
Y=X×W, where X is a n×d−dimensional matrix 
representing the n samples, and y are the 
transformed n×k−dimensional samples in the new 
subspace.

2.3. Proposed traffic sign recognition system
The main task of the proposed method is to 

compact the database via case-by-case approach, 
which ensures speedy identification, and overall 
increases the efficiency of the system during real 
time operations.

The proposed system consists of two sub-
systems. 

The first sub-system is termed as “Navigation 

System” (the blue border block in Figure 3) which 
is updated regularly with transport infrastructure 
information of Vietnam. The information that 
can be acquired via proposed system is: Physical 
coordinates, traffic sign information on a 
specific route. The second subsystem termed as 
“Recognition System” (The red border in Figure 
3) performs the task of collecting sign information 
from Navigation system, re-training the database 
for each route, and implementing traffic sign 
recognition algorithms on a simple database. 
Figure 3 gives detailed overview of Novel Traffic 
Sign Proposed System.

The proposed model combines two 
subsystems. The first is the “Navigation system” 
available in Vietnam, which provides information 
on the transport system in Vietnam, including 
information of traffic signs. This sub-system lists  
all traffic signs on a route and their actual status. 
This information is used for the upgrading and 
repair of annual traffic infrastructure in Vietnam. 
We will use this information to improve system 
performance. The second sub-system, termed 
as “Recognition system”, which is responsible 
for gathering and extracting information about 
traffic signs using combination of PCA and LDA. 
The information of traffic signs from navigation 
system is employed by recognition system to 
reduce the capacity of database. In other words, 
the navigation system limits the number of traffic 
signs on the road and at the same time recognition 
system will rebuild a simpler set of database based 
on this information. A feasibility and effectiveness 
for the proposed model is conducted using an 
experimental Vietnamese traffic sign database 
which contains 3000 images of 18 sign types.

Case Study: Suppose we are traveling 
on a self-drive car fitted with the traffic sign 
recognition system proposed by authors. As the 
car enters the road, the traffic sign database is 
immediately updated to a much smaller number 
than the original database. For example, in the 
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suburbs of the city, signs such as parking signs, 
residential areal signs, and bans for the use of 
horns signs will not appear. On the other hand, 
in a crowded urban area, signs such as falling 
rocks signs, slippery road signs, and area signs 

of cattle or wildlife will not appear.  With the 
proposed system, the traffic signs database 
in each area is reduced to a different level 
which in turn minimizes the complexity of the 
recognition system. 

 
Fig. 3. Overview of Novel Traffic Sign Proposed System- Phases

In the proposed system, the training database 
is not only created once, but continuously 
updated on each route which can be termed as 
“online training”. The re-training of this database 
can be a burden on system performance, because 

the system needs resources and time to perform 
this operation. However, with simple databases 
set, the system can support prediction module to 
respond efficiently and quickly.

Fig. 4. PCA and LDA combination

In order to perform traffic sign recognition, 
two algorithms are used: PCA and LDA. The 
primary purpose of PCA algorithm is to reduce 
the complexity of the original database. The task 
of LDA algorithm is to classify objects into one 
of two or more groups based on a set of features 
that describe the objects.

The combination of two algorithms is executed 
when the LDA input is the Projected in Eigen 
Space dataset extracted from the original database 
by the PCA algorithm.

For testing the proposed system, there are two 
parameters selected for investigation: Running time 
(RT) and Correct Recognition Rate (CRR). These 
parameters when compared to each other along with 
the results drawn state that proposed system is highly 
efficient as compared to other conventional systems.
3. Simulation & result analysis

3.1 Simulation
In this section, the proposed traffic sign 

recognition system is tested on the traffic database 
collected in Vietnam. The testing of the proposed 
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system is performed on certain scenarios and 
comparison is done with traditional traffic sign 
recognition systems.

The testing of the complete proposed system 
is done on MATLAB 2017b. Figure 5 states the 
simulation model of proposed system.

Fig. 5. Proposed Traffic Sign Recognition Systems- MATLAB Model

3.2 Database
The Navigation System Emulator Module 

provides the following information:
- Random information on the number of signs 

in the database
- Random information type in the database

The above information is used for database 
update and is also utilized by recognition module 
on different routes. The identification module 
will train the small database and classify the data 
using PCA and LDA combination algorithm.

Fig. 6. Images for Testing the Proposed System

To test the proposed system’s efficiency, 
the traffic data database was collected between 
September 2017 and February 2018 in Da Nang 
City, Vietnam. The database includes 2880 images 
of 18 types of traffic signs in Vietnam, each sign 
has 160 different images. We use 2340 pictures for 

training set and 540 pictures for testing set. This 
database ensures the following criteria:

The first criterion is that the database must 
contain all major types of traffic signs in Vietnam. 
We have tried to select the typical traffic signs, 
shown in the following statistics of Table 1.

Table 1. Statistics table of traffic signs in the database

Sign type The name of the sign Total number of sign type

Warning Signs

- Dangerous bend to left and right sign
- Intersection ahead where vehicles on the right must give way sign, 
90° left and right sign
- High voltage hazard sign; Narrow road on the left side sign

6

Prohibitory Signs Various maximum speed sign: 30, 40, 50, 60, 80, 100 km/h 6
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Informative Signs

- Priority road for cars sign
- End of Road for cars sign
- Bus stop sign
- Priority line sign
- End of priority road sign
- Turn Around Ahead Sign

6

The second criterion of database is the types of 
signs have to  cover all the cases as shown in the 
Figure 6: a.) Signs contain only signs, b.) Signs 
that contain information which are numbers, c.) 
Signs that contain Vietnamese characters.

And the final criterion is that  signs are 
collected under different weather conditions: a.) 
Bad light geometry, b.) Blurred images, c.) Noisy 
images.

3.3 Results and Analysis
We evaluated the proposed system on various 

Test Case Scenarios to determine the efficiency 
in real-time operational scenarios. The following 
are various Testing Scenarios developed by us for 
testing Novel Traffic Sign Recognition System:

3.3.1 Testing Scenarios
To test the proposed system, we categorized 

the testing in four test cases as follows: a.) 
Normal conditions, b.) Signs are taken at various 
angles, c.) Different environmental conditions, 
d.) Specific signs in Vietnam.

In each scenario, we run the test and compared 
the results between the traditional recognition 
model and the proposed recognition model. Each 

case performs 100 tests and implements two 
parameters: Correct Recognition Rate (CRR) 
and Running Time (RT).

- Case 1:  The recognition program uses only 
one large database of 18 types of signs. This case 
uses ordinary traffic sign recognition system.

- Case 2: The recognition program uses a large 
database of 18 types of signage (18 signage). This 
case and subsequent cases will use the proposed 
model, which is to receive information about 
the number of traffic sign layers issued by the 
navigation system for re-training the dataset and 
identifying images containing unknown signs.

- Case 3: The recognition program using the 
database has 9 types of „random” signs (equal 
to half the total number of signs in the large 
database)

- Case 4: The recognition program using 
database has 6 types of „random” signs (equal 
1/3 of the total number of signboards included in 
the large database)

- Case 5: The recognition program using 
database has 3 types of „random” signs (equal 1/ 
of the total number of signboards included in the 
large database)

3.3.2 Data Results 
Scenario 1: Signs are taken under normal circumstances
The simulation results are as Table 2.

Table 2. Performance rating of images taken under normal circumstances

Sign name Sign
Case 1 Case 2 Case 3 Case 4 Case 5

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

Warning 
Signs 93.75 326.4 93.75 327.1 95 328.7 96.25 326.3 98.75 325.8
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Prohibitory 
Signs 92.94 326.9 92.94 328.3 94.11 328.4 95.29 325.7 98.82 324.6

Informative 
Signs 93.33 325.9 93.33 326.3 95.29 328.5 95.29 326.1 98.88 325.5

Scenario 2: Signs are taken at various angles 
The simulation results are as Table 3.

Table 3. Performance rate of the images was taken at the left or right offset, ranging from 30o to 45o

Sign name Sign
Case 1 Case 2 Case 3 Case 4 Case 5

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

Warning 
Signs 58.33 0.3274 58.33 328.9 61.53 328.4 61.53 326.9 63.33 325.5

Prohibitory 
Signs 58.46 327.8 58.46 328.5 63.07 327.9 63.07 328 64.61 327.6

Informative 
Signs 58.57 330.1 58.57 331.4 60 330.3 61.42 330.5 62.85 329.4

Scenario 3: Signs are taken in low light conditions such as at night, it rains so the picture is 
disturbed, partially masked 

The simulation results are as Table 4.
Table 4. Performance rate of of images taken in low light, noise, partially obscured

Sign name Sign
Case 1 Case 2 Case 3 Case 4 Case 5

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

Warning 
Signs 70 330.7 70 331.9 72.5 331.1 75 331.0 77.5 330.8

Prohibitory 
Signs 64 329.9 64 330.3 66 330.4 68 330.3 72 329.9

Informative 
Signs 71.42 329.7 71.42 330.6 74.28 331.3 77.14 330.4 82.85 329.5

Scenario 4: Specific sign in Vietnam
Table 5. Performance rate of  Typical signs in Vietnam

Sign
Case 1 Case 2 Case 3 Case 4 Case 5

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)

CRR
(%)

RT
(ms)
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92.5 331.7 92.5 332.3 92.5 332.5 95 331.5 95 331.4

92 329.7 92 330.2 94 330.4 94 329.9 96 329.7

93.33 330.1 93.33 330.5 96.66 330.8 96.66 330.4 100 329.4

3.3.3 Data Analysis
Figure 6 interprets Table 1 to 4 with respect 

to Average Correct Rate Recognition for the 
large database (18 classes) in the ordinary model 
compared with the proposal model and the 
results state that model proposed is completely at 
par as compared to existing systems but the rate 
increases if the database gets shrunk. The reason 
behind this is as the number of traffic sign types 
in the database decreases, the corresponding to 
the number of images that have been reduced 
in the large database; and when matching data, 
the system will significantly eliminate those 
instances, retaining only the signs provided 
by the navigation system. The more the layers 
are eliminated, the simpler the data, the more 
accurate the data.

Figure 7 . The Average correct rate recognition of 5 cases

Figure 7 interprets Table 1 to 4 with respect 
to Average Running Time for large database (18 
types). The results state that Average Running 
Time of proposed model is higher as compared 
to existing ones. The reason for this is in the 
new model, more complex algorithms are used 
to collapse the original database. However, when 

collapsing the database, the recognition time 
tends to decrease when the number of sign types 
is reduced more than a half. The more the layers 
are eliminated, the simpler the data, the faster the 
calculation of a sample

Figure 8. The Average running time of 5 cases

4. Conclusion & future  research
In this research paper, an Intelligent Traffic 

Sign Recognition system by combination of 
PCA, LDA and Smart Navigation System for 
evaluating Traffic in Vietnam is proposed. The 
system is tested on dataset of 2880 images 
consisting of 18 regulatory signs. Experimental 
results state that the proposed system performs 
best as compared to existing systems in terms of 
Traffic Sign Recognition under both parameters 
of time and accuracy. Under normal conditions, 
the system performance reaches 98.88% while 
the running time decreases to 325.5 mili second 
per sample. 

In the near future, research would be directed 
to test the proposed system in more complex 
scenarios and also the integrating of some Machine 
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learning technique to make the real-time traffic 
sign recognition more powerful and fast. 
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Estimation of scour depth around bridge piers using a Least Squares 
Support Vector Machine program developed in Visual C# .NET

Dự báo độ sâu xói mòn tại chân cầu sử dụng chương trình LSSVM phát triển 
trên nền tảng Visual C#. NET
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(Ngày nhận bài: 22/03/2019, ngày phản biện xong: 28/03/2019, ngày chấp nhận đăng: 25/09/2019)

Abstract
This study aims at establishing machine learning models based on Least Squares Support Vector Machine (LSSVM) for 
estimating local scour around complex piers under steady clear-water condition and streambed scour at bridges. LSSVM 
is a powerful machine learning approach for solving regression analysis problems. In this paper, we develop a software 
program for scour depth estimation based on LSSVM in Visual C#. NET framework 4.6.1.
Keywords: Regression analysis, Visual C#. NET, Civil engineering, C# programming, Scour at bridge. 

Tóm tắt
Nghiên cứu này xây dựng các mô hình học máy dựa trên Least Squares Support Vector Machine (LSSVM) để ước tính 
xói mòn xung quanh các trụ cầu. LSSVM là một phương pháp học máy có hiệu quả cao trong phân tích hồi quy. Trong 
bài báo này, chúng tôi phát triển một chương trình phần mềm để ước tính độ sâu xói mòn xung quanh các trụ cầu dựa trên 
LSSVM trên nền tảng Visual C #. NET.
Từ khóa: Phân tích hồi quy, Kỹ thuật xây dựng, Ngôn ngữ C #, Xói mòn chân cầu.

1. Introduction
Bridge scour is generally known as the 

removal of sediment (e.g. sand and gravel) from 
around bridge abutments or piers [1, 2]. Scour 
caused by swiftly moving water is able to scoop 
out scour holes; which causes  the deterioration 
of the integrity of a bridge structure [3, 4]. It 
is estimated that about 60% of bridge failures 
in the United States were caused by scour [5]. 
Additionally, scour failures of bridges may 
happen abruptly and it is very difficult to monitor 

them during events of flood [5, 6]. Therefore, 
it is necessary to develop advanced tools for 
predicting the level of scouring at bridge piers.

Regression analysis (or function 
approximation) involves the identification of a 
functional relationship between a set of predictors 
and a variable of interest. This mathematical 
relationship is then used for modeling complex 
phenomena in civil engineering [7]. Recent 
advancements in machine learning (ML) have 
established intelligent data analysis approaches 
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effectively used for regression analysis including 
neural networks [8], multivariate adaptive 
regression splines [9], support vector machine 
[10], and LSSVM [11]. These advanced ML tools 
have been confirmed to have excellent capability 
for modeling complex and multivariate data [12].

LSSVM [13] is a powerful machine learning 
technique which has many advanced features 
reflected in its strong learning capability and low 
computational expense. Notably, in the training 
process of LS-SVM, a least squares cost function is 
employed to obtain a linear set of equations in the 
dual space [11]. Thus, the model training phases 
boil down to solving a set of linear equations that 
can be efficiently solved by conjugate gradient 
algorithm [13]. Similar to the standard Support 
Vector Machine, LSSVM relies on the inductive 
principle of Structural risk minimization; hence, a 
LSSVM model has a trade-off between hypothesis 
space complexity and the quality of fitting the 
training data [14]. Due to such reasons, LSSVM 
can be a very effective tool for solving regression 
analysis problems. 

Accordingly, this paper focuses on LSSVM 
based regression analysis model for estimating 
scour depth. Although there is existing toolbox 
for implementing LSSVM [15], open software 
for LSSVM implementation has not yet been 
developed for academic purposes. This current 
work aims at contributing a software program 
based on LSSVM to solving regression analysis 
problems in civil engineering. The rest of the 
paper is organized as follows: the second section 
describes the formulation of LSSVM; several 
applications of the newly developed program 
are demonstrated in the third section; concluding 
remarks of this study are stated in the final section.

2. Least Squares Support Vector Machine 
(LSSVM)

Consider the following model of interest, 
which infers the mapping between the scour 
depth and its predicting variables: 

 bxwxy T += )()( φ ,   (1)
where nRx ∈ , Ry ∈ , and ϕ(x):Rn→Rnh is the 
mapping to the high dimensional feature space. 

In LSSVM for regression analysis, given a 
training dataset N

kkk yx 1},{ = , the model training 
phase is converted to the following optimization 
problem [11, 13]:

Minimize ∑
=

+=
N

k
k

T
p ewwewJ

1

2

2
1

2
1),( γ  , (2)

subjected to kk
T

k ebxwy ++= )(φ , Nk ,...,1=
where Rek ∈  are error variables; 0>γ denotes a 
regularization constant.

It is necessary to establish the Lagrangian 
and derive the corresponding dual problem. The 
Lagrangian is given as follows:
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where kα  are Lagrange multipliers. 
After using the conditions for optimality, the 

following linear system is obtained:
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where y = y1;...;yN, 1v=[1;...;1] and α=[α1;...; αN]. 
In addition, the kernel function is applied as 

follows: 
),()()( lkl

T
k xxKxx == φφω .  (5)

The LSSVM model for scour depth estimation 
is given as follows:

bxxKxy
N

k
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where kα and b are the solution to the linear 
system shown in Eq. (5). The kernel function that 
is often utilized is Radial Basis Function (RBF) 
kernel described as follows:
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whereσ is the kernel function parameter. 

3. The LSSVM based scour depth estimation 
software program

The Graphical user interface (GUI) of 
LSSVM program is provided in Fig. 1.To run the 
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program, it is required that the .NET framework 
4.6.1 must be installed via the following link: 
https://www.microsoft.com/en-us/download/
details.aspx?id=49981. Before running the model 
evaluation, the hyper-parameters of LSSVM 
including the regularization parameter (e.g. 100) 
and the RBF kernel function parameter (e.g. 1) 

must be specified. These two parameters can be 
identified via a grid search [16]. After the training 
and testing phases are finished, the model results 
are stored in the two files of TrainResult.csv and 
TestResult.csv. These two files store the actual 
(the first column) and the predicted output (the 
second column).

Fig. 1 Graphical user interface (GUI) of LSSVM program

The program supports various running scenarios:
1) Model evaluation (Single Run)

1.1 Random Data Separation: One .csv 
file which stores the whole data set is 
needed. The last column is the output 
variables. The Z score normalization is 
automatically performed. The model 
also converts the output variable to 
its original range. The parameter of 
Test Ratio needs to be specified. If 
Test Ratio is 0.1, 10% of the data will 
be randomly drawn to form a testing 
dataset; the rest of the dataset is used 
for model training.

1.2 Load Fixed Data Sets: The users need 
to prepare a .csv file which stores the 
whole dataset, and  4 other .csv files to 
store a training input X, a testing input 
X, a training output Y, and a testing 
output Y.

2) Multiple Model Evaluation
The user needs to prepare a .csv file which 

stores the whole data. The parameters of 
evaluations (number of runs) and the Testing 
Ratio must be prepared.

4. Program application
The first application is a machine learning 

based model using LSSVM for estimating local 
scour around complex piers under steady clear-
water condition. A data set consisting of scour 
depth measurement cases has been collected 
to construct the prediction models [2, 17]. The 
dataset has 8 influencing factors that consider 
aspects of pier geometry, flow property, and 
river bed material. In total, 174 data instances  
are collected. The 8 influencing factors (the 
flow depth y, the pier width perpendicular to 
the flow direction bc, the pile-cap width bpc, the 
longitudinal extension of pile cap face out from 
pier face Lu, the soil covering height Y, the ratio 
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of the mean velocity to the critical velocity of 
sediment movement V/Vc, the median grain size 
d50, and the river bed material geometric standard 
deviation σg) are used to predict the scour depth 
ds of complex pier foundations. The LSSVM 

prediction result for this application case is 
shown in Fig. 2. As can be seen from the figure, 
the program has obtained a good prediction 
result with the coefficient of determination R2 
= 0.86.

Fig. 2 Result of prediction of local scour around complex piers under steady clear-water condition

In the second application, data collected from 
real-time field measurements of bridge scour done 
by Mueller  and Wagner [18] is used to construct 
a model for evaluations of streambed scour. The 
dataset includes 314 instances collected during 6 
years of dedicated effort by the U.S. Geological 
Survey researchers to collect scour data during 
flood events in the United States. The variables 

of Upstream/downstream, Pier Type, Pier Shape, 
Pier Width (m), Pier Length (m), Skew (deg), 
Velocity (m/s), Depth (m), D50 (mm), and 
Gradation are used to predict the Scour Depth 
(m). The LSSVM prediction result is reported in 
Fig. 3. For this data set, the LSSVM program has 
obtained a relatively good prediction result with 
the coefficient of determination R2 = 0.81.

Fig. 3 Result of prediction of streambed scour at bridges
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5. Conclusion
Scour depth estimation is an important task 

in bridge health assessment. To assist civil 
engineers in this task, this study develops a 
LSSVM program in Visual C#. The effectiveness 
of the program has been demonstrated via two 
case studies using two historical datasets. Good 
predictive results show that the LSSVM program 
can be a useful tool for researchers and engineers 
for modeling other complex processes in civil 
engineering field.
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Abstract
Since the first appearance from thousand years ago, silkworm silk has been known as an abundant biopolymer with a vast 
range of attractive properties. The utilization of silk fibroin (SF), main protein of silk, is not only limited in textile industry 
but has been broadened into more high-tech application areas, including biomaterials. This article addresses fundamental 
structure, general properties and structure/properties relationship of silk and SF. Besides, a brief introduction of material 
fabrication methods as well as examples of biomedical application are also provided. 

Keywords: Silk, fibroin, biomedical application, biopolymer.

Tóm tắt
 Kể từ khi được phát hiện từ hàng nghìn năm trước, tơ tằm đã được biết đến như một loại polymer sinh học có trữ lượng 
lớn với nhiều tính năng hấp dẫn. Ứng dụng của fibroin, thành phần protein chính của tơ tằm, không chỉ giới hạn ở công 
nghiệp dệt may mà hiện đang được mở rộng ra nhiều lĩnh vực công nghệ cao, chẳng hạn như vật liệu y sinh. Bài viết này 
sẽ đề cập đến cấu trúc, các tính chất cơ bản và mối tương quan giữa cấu trúc/tính chất của tơ tằm và fibroin. Bên cạnh 
đó, những phương pháp tổng hợp, gia công vật liệu và các ứng dụng y sinh tiêu tiểu của fibroin cũng sẽ được giới thiệu.    

Từ khóa: Tơ tằm, fibroin, ứng dụng y sinh, polymer sinh học.

I. Introduction of silk
Silk, one of the most abundant biopolymers 

from nature, has been renowned as a luxury 
raw material in textile industry for thousands of 
years from its first appearance back to between 
4000 and 3000 BC. The unique luster, tactile 
properties, durability and dyeability make silks 
queen of textiles. Moreover, fabrics from silk 
fibers also exhibit extraordinary mechanical 
strength, flexibility, comfort in warm or cold 

weather. With these exceptional properties as well 
as the mild processing condition, silk can rival a 
lot of synthetic polymers. It has been estimated 
that more than 120000 tons of silks are produced 
globally with the main markets are located in 
China, India and Japan [1]. However, it is only 
rather recent, we are beginning to see the real 
potential of this sophisticated material. Advanced 
technologies and modern tools in chemistry, 
material engineering, chemical engineering, 
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conceptual modeling have contributed much in 
realizing remarkable structure and extraordinary 
properties of silk. Owning to its hierarchical 
structure and versatility, silk has been 
investigated as an inspiration source for designing 
novel materials with tailored properties, high 
performance, added value to a diverse range of 
target applications such as wearable electronic 
devices, water ultrafiltration, biosensors, drug 
delivery and tissue engineering. To realize full 
potential of silks in those advanced applications, 
fundamental material knowledge as well as 
physical, chemical and biological understanding 
are highly required. Besides, nanoscience and 
nanotechnologies would play a significant role in 
applying this ancient material to modern areas of 
technological fields [1].        

Silks are defined as a unique class of 
biopolymer that are products of secretion 
‘spinning’ from a number of arthropod lineages 
to build their cocoons and webs. There have 
been more than 30000 known species of spiders 
and most of 113000 species of insect order 
Lepidoptera can produce silks [2]. Besides, there 
are several silk sources such as crickets, bees, 
wasps, fleas, lacewings, caddisfly larvae, aquatic 
midge larvae, glowworm and fungus gnats [1]. 
However, the most production of silks are limited 
to Nephila clavipes and Araneus diadematus 
spiders, Bombyx Mori domestic silkworms, 
Antheraea pernyi and Samia Cynthia Ricini wild 
silkworms. Although spider silks are superior in 
mechanical strength in comparison with silkworm 
silk, nevertheless, due to the limited availability, 
only filament generated by Bombyx mori (B. 
Mori) is dominant in commercial silk industry 
[3]. B. Mori silks are normally produced through 
a cycle of different stages [1]. Firstly, silkworm 
eggs are laid in a controlled environment. 
Secondly, the eggs are incubated for 10 days in 
prior to larvae hatching. Thereafter, larvae are 
fed with mulberry leaves for 6 weeks. Then, the 
larvae spin fibers to form a cocoon that protect 

them against microbial, moisture and predators 
during metamorphosis period. In the middle of 
metamorphosis period, B. Mori silkworms are 
killed before forming pupae and the cocoon 
fibers are unraveled into commercial silk fibers. 
In our article, we just focus on various aspects of 
B. Mori silkworm silks, which are simply termed 
as “silk” from now on.  

Figure 1. Representative experimental stress-strain plots 
for a range of different materials compared with silk 

(reproduced from [6])

Owing to its hierarchical protein structure, silk 
possesses many desirable properties, which make 
it a promising material for future application in a 
diverse range of areas. In general, silks achieve 
impressive mechanical properties and perfect 
balance between strength, modulus, toughness, 
extensibility, light weight and flexibility [4]. The 
tensile strength of silk is comparable to nylon and 
mild steel while still appears to be light weight 
(Figure 1). Thus, strength-to-density ratio of silk 
is very high, which is suitable for applications 
which require the combination of strength and 
low density. Thanks to protein nature, mechanical 
strength, cytocompatibility and slow degradation, 
silk is an excellent candidate for biomaterials. 
After implanting into body, silk causes less 
immunogenicity response than other common 
biomaterials such as synthetic polymer(lactic-
co-glycolic acid) (PLGA) and even collagen [5]. 
Otherwise, degradation of silk is enzymatically 
driven and can be precisely controlled by the 
change of processing parameters as well as 
crystallinity [5]. This is a clear win for silk over 
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other biopolymers such as chitosan, gelatin, 
collagen for such application.       

Although possessing superior biocompatibility 
and excellent mechanical strength, native silk 
materials still do not meet demands for specific 
applications. With advancements in physical, 
chemical and genetic engineering, silks can be 
functionalized and modified at multi-levels to 
achieve desired properties. Firstly, chemical 
modification via reactive amino acid groups 
on silk polymer chain would be a promising 
solution to yield silk-derivatives as well as 
conjugation products with photo-sensitivity, 
cell attachment ability and anti-adhesion ability 
[7]. Secondly, genetic engineering is a strategy 
to modify structure of silk protein to customize 
properties at gene level. Transgenic silkworms 
can produce silk with enhanced fluorescence or 
even recombinant spider silk fibers at large-scale 
[4]. Thirdly, feeding method can be potential 
for large-scale production of silk with enhanced 
properties. Using this approach, a variety of 
fluorescent dyes or functional nanomaterials 
such as graphene, carbon nanotubes, gold 
nanoparticles, silver nanoparticles can be in 
incorporated intrinsically into silk fibers, just 
only by feeding silkworms with special diet 
containing those materials. Besides, functional 
molecules can also be incorporated into silk by 
doping technique. Hence, silk with functions 
such as mechanical sensitive color-changing, 
NIR-sensitive for phototherapy can be produced 
by doping with stimuli-sensitive molecules such 
as polydiacetylene, gold nanoparticles, quantum 
dots and enzymes. Lastly, macroscopic mixing 
would be a simple yet powerful method to 
manufacture silk-based composite with tailored 
characteristics by combining with other materials 
such as collagen, chitosan and gelatin.         

II. Silk protein structure
Generally, natural silkworm silk thread 

composes of two structural proteins which are 

fibroin and sericin, with schematic structure 
described in Figure 2. Fibroin is the dominant 
component of silk, acts as inner core that 
provides mechanical strength while sericin is the 
outer glue coating. Particularly, each single fiber 
of silk contains two fibroin filaments with outer 
sericin coating [8]. It also has been proposed 
that fibroin is assembled from nanofibrils with 
diameter of 3-5 nm, which are fundamental units 
of silk. Otherwise, those nanofibrils interlock, 
strongly interact with each other and assemble 
into bigger fibril units with diameter of 20-200 
nm, which are called microfibrils. Microfibrils 
and nanofibrils arrange in a parallel axis along 
the silk fibers. Strong friction between those 
twisted bundles of nanofibrils is the main reason 
accounts for strong domain interaction, results in 
superior mechanical strength of silk fibers. 

Figure 2. Hierarchical structure of B. mori silk: a) 
schematic structure of silk fiber b) scanning electron 

microscopy image of silk fiber c) atomic force microscopy 
shows the fibroin fibrils (reproduced from [9])

Silk fibroin (SF), the dominant structural 
protein of silk, contains polypeptide chains with 
molecular weight in range of 200 – 350 kDa. These 
amino acid chains comprise of repetitive blocks 
of hydrophobic heavy chain (H-fibroin) and 
hydrophilic light chain (L-chain) with terminal 
C and N groups. Disulfide bonds are the linkers 
between those chains. Besides, a glycoprotein 
(P25) is also found in fibroin structure, which is 
non-covalently linked to abovementioned chains 
and provides the integrity to the whole structure. 
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In B. Mori silk, H-fibroin, L-fibroin and P25 are 
assembled in ratio of 6:6:1 [1].

The hydrophilic L-fibroin is formed by a 
fewer numbers of amino acid sequences, mostly 
contains alanine (14%) serine (10%), glycine 
(9%) and N-acetylated terminal serine residues. 
Whereas, the hydrophobic H-fibroin possesses 
45.9% of glycine, 30.3% alanine, 12.1% of 
serine, 5.3% of tyrosine and 1.8% of valine [9]. 
Hence, the amino acid sequence of H-fibroin can 
be described as (-Gly-Ser-Gly-Ala-Gly-Ala-)n. 
Indeed, the hydrophobic H-fibroin chains consist 
of hydrophobic repetitive domains interspersed 
in between hydrophilic non-repetitive domains 
[8,10]. Through hydrogen bonding, van der 
Waals forces and hydrophobic interaction, those 
hydrophobic repetitive amino acid domains of 
H-fibroin fold and bond together to form anti-
parallel β-sheet crystalline structures. Those 
crystalline domains act as the crosslinking points 
in a less ordered, poorly oriented amorphous 
matrix, which is formed by non-repetitive 
domains, to finally form a molecular fishnet 
structure [11,12]. The strong β-sheet interaction, 
high degree of ordering and high density of 
β-crystallites are believed to absorb impact 
pressure and distribute to the whole fibroin 
network, thus bring superior mechanical strength 
to silk network (Figure 3). Secondary structures 
of silk can be classified into three types: silk I, silk 
II and silk III [12–14]. Among them, silk I is the 
liquid, metastable form of fibroin that stores in 
the silk gland and has been described as partially 
ordered structure that could contain α-helix and 
even random coil structures. On the other hands, 
silk II is the solid fibroin formed after spinning 
process, which is termed for β-sheet crystalline 
structure. Lastly, silk III is a solid form of 
fibroin mostly formed by trifold helical chain 
conformation and is found in the interface of air-
water [14]. In the spinning process of silkworm, 
the conformation change from dissolved, less-
ordered silk I into solidified, highly ordered silk 

II occurs and results in formation of silk fibers 
[1]. The control over internal secondary structure 
of silk is a powerful tool to sophistically adjust 
external properties such as mechanical strength, 
solubility and biodegradation. 

Figure 3. Modeling of mechanical strength of the fishnet 
structure of silk fiber; a) stress can be absorb and bypass 

the broken β-sheet; b) mechanical strength of fishnet 
model in comparison with non- friction strings and 

entangled amyloid fibril models. (reproduced from [11])

III. Silk materials preparation
Silk-fibroin based materials could be prepared 

by a variety of techniques, depending on the desired 
material formats [15] (Figure 4). However, for 
all preparation methods, the raw silk cocoon first 
must undergo a degumming process to eliminate 
sericin. In this process, silk is boiled in diluted 
solution of sodium bicarbonate (Na2CO3), rinsed 
and washed with pure water in prior to drying 
overnight. By boiling for a sufficient time in 
Na2CO3 solution, sericin could be removed from 
silk fibers and fibroin fibers can be obtained. The 
boiling time and salt concentration in this process 
should be well controlled in order to prevent any 
negative effect towards resulting fibroin [16]. High 
salt concentration and prolonged boiling time 
could lead to protein degradation and lowering 
down the molecular weight of resulting fibroin. 
Subsequently, SF-based materials could be either 
prepared from pure fibroin solution/powder 
or nanofibril contained solution/lyophilized 
nanofibril. The latter approach is employed 
whenever properties originate from nanosize 
effect are demanded. The exfoliation of silk 
into microfibril/nanofibrils could be performed 
by ultrasonication; dissolving in CaCl2-Formic 
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acid, LiBr-Formic acid, Hexafluoroisopropanol 
(HFIP), sodium hypochloride; or combination of 
them [17]. However, the most commonly utilized 
strategy for preparation of silk-based materials is 
dissolution of SF threads into pure fibroin solution 
and regeneration into various material formats, 
which is covered in our review. The resulting 
fibroin is termed regenerated SF.

In this approach, an appropriate solvent system, 
for instance, concentrated solution of chaotropic 
salts such as lithium bromide, calcium/ethanol/
water, lithium thiocyanate, calcium nitrate, eco-
friendly solvent such as N-methyl morpholine-N 
oxide, organic solvent HFIP or ionic liquids, are 
used to dissolve SF. Each solvent system exhibits 
different solubility power, thus requires different 
operating time and temperature [18]. Thereafter, 
electrolytes are normally removed through 
dialysis process against pure water, yielding 
aqueous solution of fibroin. In this step, aqueous 
solution of polyethylene glycol (PEG) 20 wt% 
could be utilized instead of pure water to obtain 
more concentrated fibroin solution. Fibroin 
solution obtained after dialysis can be stored at 
4oC for 1-2 months or lyophilized into powder 
state for further use. 

Figure 4. Aqueous SF extraction and biomaterial 
processing options (reproduced from [19].

Depending on the end-use material formats 
such as film, hydrogel, microsphere, powder, 
fiber or scaffold, regeneration of fibroin can be 
carried out by different processes as follows:

1. SF film can be generated simply by casting, 
spin-coating, layer-by-layer methods. Generally, 
non-patterned SF film can be obtained by 
depositing a SF solution onto a collecting plate 
and drying overnight. Subsequently, β-sheet 
crystalline transformation can be improved by 
immersing in alcohol (methanol/ethanol) solution 
or water annealing using a vacuum desiccator. 
Otherwise, patterned SF film can be achieved 
by placing a pre-formed polydimethylsiloxane 
(PDMS) mold into a Petri dish before fibroin 
depositing, drying and β-sheet inducing. 
Tweezers are used to peel SF film from PDMS 
mold. 

2. SF hydrogel is termed for water-containing 
three dimensional network of SF [20]. Physically 
crosslinked SF hydrogel can be produced by 
transition process from liquid-like sol-state 
into solid-like gel-state, in which protein self-
assembly by enhanced hydrophobic interaction 
is the underlying mechanism. The self-assembly 
gelation process can occur naturally but usually 
takes long time (3 months at 37oC). To accelerate 
gelation process, various stimulating tools can be 
employed such as low pH condition, enhanced 
temperature, vortexing, ultrasonication, electrical 
current, lyophilization, ion concentration and 
dehydrating agents [21]. Besides, chemically 
crosslinked SF hydrogel can be generated by 
various chemical reaction of functionalized 
silk-based and other precursors, depending on 
specific design. Indeed, the most commonly 
deployed crosslinking approach is the enzymatic 
catalyzed reaction of tyrosine groups on fibroin 
chain using hydrogen peroxide and horseradish 
peroxidase [22]

3. SF fibers are usually prepared by wet-spinning, 
dry jet spinning and electro-spinning processes 
[23]. While wet and dry spinning methods yield 
micro-diameter fibers, electrospinning technology 
can generate submicron to nano-diameter fibers 
with significantly large surface areas and ability 
to incorporate nano-sized molecules onto spun 
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fibers. Generally, spinning dope is prepared 
with highly concentrated solution (25%), silk 
proteins thus can self-assemble into micelles via 
hydrophobic interaction and hydrogen bonding. 
Thereafter, those resultant micelles can align and 
form a fiber via shear stress and dehydration. The 
electrospun SF can be produced by applying a 
positive voltage to the SF solution-loaded syringe 
to initiate a jet towards a grounded collector plate. 
Then, resultant SF fibers/mats are treated with 
methanol first and washed with water to trigger 
the β-sheet transformation.  

4. SF can form a porous 3D structure, namely 
sponge, foam or scaffold, which could be used 
for biomedical applications such as tissue 
engineering, implantable devices and disease 
models. There are aqueous-based and HFIP-based 
SF sponges, which present different mechanical 
strength, surface smoothness, interconnectivity 
and degradation rate [15]. The general process for 
fabrication of aqueous-based silk foam involves 
these key steps: pouring and evenly distributing 
salt into SF solution, allowing mixture silk 
solution to form gel, removing salt by immersing 
in water to obtain salt-free 3D porous scaffold. 
On the other hands, HFIP-based SF sponge can 
be prepared by dissolving silk in HIFP, dropping 
silk/HIFP over salt-contained glass, evaporating 
of HFIP, treating using methanol and eliminating 
methanol and salt in last step.

5. SF microspheres/particles, which are useful 
for drug/protein/gene intravenous delivery 
systems, can be generated using an unsaturated 
fatty acid lipid or a polymer as temporary 
emulsifier and co-carrier of SF/payloads. In 
the lipid-based silk microspheres fabrication 
procedure, a lipid (e.g. 1,2-dioleoyl-sn-glycero-
3-phosphocholine (DOPC)) film is prepared 
in a tube and used to emulsify dropped silk/
payload solution [24]. After removing of water 
by freezing/thawing cycles and lyophilizing, 
the lipid-coated silk vesicles are suspended in 
methanol, centrifuged to remove lipid and obtain 

SF microspheres. Otherwise, for more simple 
and aqueous based approach, SF microspheres 
can be prepared by phase separation technique 
with other polymer such as polyvinyl alcohol 
(PVA) [25]. In this process, the silk-PVA mixture 
solution obtained by mixing SF and PVA 
solutions are targeted to ultrasonication to induce 
phase separation. Thereafter, silk/PVA film are 
prepared and dissolved before centrifuging to 
remove PVA and obtain SF microspheres. 

IV. Biomedical applications of SF-based 
materials

Thanks to sophisticated hierarchical structure 
and a diverse range of attractive properties, SF-
based materials are paving a new path for more 
advanced applications other than the use in 
traditional textile industry, including electronic 
and optoelectronics, optics and photonics, water/
oil filtration and biomaterials [1,4,8,9]. Several 
biomedical applications of SF are schematically 
depicted in Figure 5. In this review, we would 
like to cover several important biomedical 
applications of SF-based materials: small 
molecule drug delivery, biological drug delivery, 
wound healing and bone regeneration. 

SF-based materials are excellent choice 
for delivery of bioactive molecules due to its 
outstanding mechanical properties, controllable 
biodegradability and drug stabilization effect. In 
a general process, after incorporating into fibroin 
network, therapeutic agents are maintained, 
transported into targeted sites and released in 
a controlled manner [8]. In detail, the first step 
is loading bioactive agents by bulk mixing, 
surface coating or even chemical conjugating. 
Then, the payloads are stabilized within fibroin 
network mostly by hydrophobic interaction and/
or hydrogen bonding. Subsequently, the whole 
system is transported to targeted operating site 
by localized, systemic or even intra-cellular 
delivery routes. β-sheet crystalline domains act 
as mechanical barrier, the bioactive agents thus 
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are diffused out through the semi-amorphous 
regions, resulting in a sustained release profile 
with reduced initial burst. The release behavior 
can be precisely controlled by crystalline phase 
content or the breaking rate of labile bonds in case 
of conjugation fibroin system. Some examples 
of fibroin-based biomaterials for delivery of 
therapeutic drugs, biological protein or gene are 
given as follows. 

One of the most extensively studied topics in 
drug delivery system is cancer therapy, fibroin 
thus is also investigated for this application, 
thanks to its drug stabilization ability. Indeed, via 
hydrophobic interaction with β-sheet crystallites 
in fibroin network, the loaded anticancer drug, 
such as doxorubicin (DOX), can be stabilized 
and maintain its bioactivity after releasing. In a 
report of Seib et. al., a fibroin-based hydrogel 
is employed to deliver DOX for the localized 
treatment of primary breast cancer [26]. The 
aqueous solution of fibroin is mixed with DOX 
before self-assembling into a thixotropic hydrogel 
(a type of hydrogel appears as solid-like gel-state 
in prior to injection, flows under shear force and 
completely recovers gel-state at the target site). 
After locally injected into breast cancer bearing 
rats, loaded DOX can be released from fibroin 
hydrogel in a controllable manner, exhibited 
excellent tumor regression response and reduced 
metastatic spread. Another progress was made by 
Wu et. al., in which DOX-loaded fibroin hydrogel 
was prepared and undergone a concentrating/
diluting process to induce nanofibers formation 
[27]. This system exhibited a pH-responsive 
and concentration-depending release of DOX, 
thus might provide a promising tool to control 
antitumor activity. Beside chemotherapy with 
anticancer drug, phototherapy is considered as 
an effective treatment method to get rid of tumor 
[28]. In this approach, SF-based hydrogels were 
loaded with complex of nano graphene oxide 
with lanthanide-doped rare earth nanoparticles 
for combination of photothermal effect and 

upconversion luminescence imaging ability. 
Under exposure to near infrared radiation laser, 
the fibroin-based theranostic hydrogels induced 
great size reduction of treated tumor. 

Figure 5. SF material formats and biomedical 
applications (reproduced from [4,15])

Besides small molecule drug, the delivery of 
biological drug (protein, growth factor, peptide) 
and gene is also an important part of biomedical 
applications. For instance, a semi-interpenetrating 
network hydrogel of fibroin/polyacrylamide 
(PAAm) was developed by Mandal et. al. for the 
delivery of FITC-inulin [29]. By incorporating 
and crosslinking PAAm simultaneously with 
fibroin, the swelling and mechanical properties of 
this IPN hydrogel was enhanced. The SF / PAAm 
ratio can be used to control degradation, swelling 
and payload release behavior. In another report 
by Guziewicz et. al., therapeutic monoclonal 
antibodies can be maintained and released from 
a lyogel of SF over long-term period [30]. High 
density of β-sheet network achieved in lyophilized 
gel allowed the prolonged release of loaded 
antibody. Besides aqueous solution form, SF can 
be used in electrospun mats form in preparation 
of silk-hyaluronic acid composite hydrogels for 
controlled release of a cytokine model, vascular 
endothelial growth factor [31]. For gene therapeutic 
delivery, silk-elastin-like polymers have been 
extensively deployed as a gene carrier for delivery 
of plasmid DNA or adenoviral vectors [32–35]. 
The control of monomer structure at genetic level 
and adenoviral viability are the special benefits 
endowed by this material. 
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Due to its intrinsic biocompatibility, material 
versatility, mechanical robustness and signaling 
molecules stabilization ability, silk-based material 
systems have been increasingly studied as potential 
wound healing agents. In a report of Gil et. al., silk-
based film, lamellar porous film and electrospun 
mat were loaded or coated with endothelial growth 
factor (EGF)/silver sulfadiazine and applied as 
wound dressing on BALB/C mice. Wound healing 
effects from these systems were comparable 
and even better than positive control dressing, 
Hydrocolloid® [36]. Also, a composite hydrogel of 
SF, calcium alginate and carboxymethyl cellulose 
has been reported by Ju et. al. for treatment of burn 
induced wound [37]. After 21 days of treatment, 
the SF composite hydrogel provided better 
cytotoxicity and comparable wound healing effect 
to Purilon Gel®, as a positive control. Moreover, 
a blending hydrogel system that combined the 
flexibility, elasticity and swelling ability of elastin 
with tunable biodegradation and high mechanical 
strength of silk was developed by Vasconcelos 
et. al. as wound dressing material [38]. Genipin 
crosslinked elastin/silk almost healed the burnt 
wound after 6 days of treatment, which was better 
than commercial collagen dressing.   

In the demand for bone tissue regeneration, a 
potential material system is usually manufactured 
from bioceramic, synthetic/natural polymer 
or combination of them. Hence, with superior 
mechanical strength, impressive biocompatibility 
and non-immunogenicity, silk has entered this 
emerging application with its functionalized 
variants, hybrid systems and blending systems. 
The first example is the dual crosslinked, 
self-healing hydrogel prepared from calcium 
phosphate (CaP) modified SF microfibers (mSF) 
and hyaluronic-based binder [39]. In this system, 
dynamic metal-biphosphonate coordination (BP) 
between CaP-mSF and BP-polymeric binder 
responded for self-healing property. Additionally, 
the presented system can be UV-induced 
photocrosslinked by the presence of unsaturated 

double bonds in the polymeric binder chain. 
The hydrogel implanted group on rat cranial 
critical defect model exhibited much better bone 
regeneration response after 8 weeks in comparison 
with untreated group. In another attempt, Bhunia 
et. al. introduced a blending system from SF of 
Bombyx mori and Antheraea assamensis for disc 
regeneration. Interestingly, gelation time can 
be tuned by changing combination ratio [40]. 
The silk hydrogel treated regenerated disc in ex 
vivo biomechanical study showed maintained 
compressive properties in comparison with PBS 
filled degenerated disc. Lastly, an important, 
dominant silk-based platform for bone tissue 
engineering is SF/hydroxyapatite composite 
material, which is reviewed by Farokhi et. 
al. [41]. In those systems, hydroxyapatite, a 
biodegradable bioceramic with osteogenicity but 
brittle, is combined with extraordinary elasticity, 
flexibility from silk to generate a ceramic/
polymer hybrid system that is very similar to 
natural bone structure, thus can be applied as 
bone constituent. The combination with silk can 
improve the crystal formation of hydroxyapatite 
and provide coordinative effect between structure 
and properties of silk and hydroxyapatite. Silk/
hydroxyapatite can induce osteogenesis and 
angiogenesis by stimulating the proliferation, 
adhesion and differentiation of osteoblasts, thus 
resulting in effective bone regeneration. Those 
systems can be prepared as direct-written 3D 
scaffold [42], injectable hydrogel [43], film [44] 

and nanoparticle reinforced scaffold [45].

V. Conclusion
Over this brief review, we have discussed 

and given an insight of an ancient yet attractive 
material, silk, for emerging biomedical 
application. The abundant availability, unique 
hierarchical structure, outstanding mechanical 
strength, excellent biocompatibility, tunable 
biodegradation, versatility in material format 
design are some of the key advantageous 
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characteristics of SF. Current advancement in 
nanofabrication technologies is promising for 
more sophistically designed SF-based materials. 
However, in order to translate from academic 
research achievement into industrial settings, a 
lot of attempts should be made in development 
of eco-friendly, easy scale-up, less batch-to-
batch variation, simple and lesser time-taking 
processes. Another intrinsic limitation of natural 
polymers which is the difficulty to control 
polymer structure and molecular weight should 
be seriously considered. Hopefully, this ancient, 
luxury textile material can find its own way into 
future applications to bring extra values not only 
to sericulture but also to other modern industries.       
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Abstract
In this article, we present the techniques of simulation, modeling quantum dynamics of a Kerr-like nonlinear coupler 
system which consists of three nonlinear quantum oscillators mutually coupled by continuous nonlinear interaction. We 
prove that by using evolution operator formalism and the common inequalities expressed in terms of various moments 
defined by products of creation and annihilation operators, we can model the quantum system and derive the “exact” 
solutions to finding the quantum properties. We show and discuss the parameters considered to be the indicators of 
generating nonclassicalities such as squeezing, antibunching, intermodal entanglement and their higher order counter 
parts, and quantumness of the system.
Keywords: squeezing, antibunching, intermodal entanglement, nonclassicality.

Tóm tắt
Trong bài báo này, chúng tôi trình bày công nghệ mô phỏng động lực học lượng tử của hệ phi tuyến kiểu Kerr bao gồm ba 
dao động tử phi tuyến tương tác với nhau bằng kiểu tương tác tuyến tính. Chúng tôi chứng minh rằng bằng việc sử dụng 
các công thức biến đổi theo thời gian của các toán tử và các bất đẳng thức diễn đạt dưới dạng các tích của toán tử sinh và 
hủy, chúng tôi có thể mô hình hóa hệ lượng tử và đưa ra các nghiệm “chính xác” để tìm các tính chất phi cổ điển. Chúng 
tôi đưa ra và thảo luận các tham số được xem xét có thể xem như là các chỉ số trong việc tạo thành các tính chất phi cổ 
điển như nén, phản kết chùm, rối lượng tử đa phương và hiệu ứng bậc cao tương ứng, cũng như tính lượng tử của hệ.
Từ khóa: hiệu ứng nén, phản kết chùm, rối lượng tử đa phương, tính chất phi cổ điển.

1. Introduction
Over the past few decades, there exists a speedy 

development of a particular attention to research 
of nonclassical properties in multi-party systems. 

Such properties are the significant problems from 
both the physical viewpoints and applications in 
quantum communication, quantum information 
processing and quantum computation [1 - 3]. 
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These signatures of nonclassicalities are related 
to different quantum features such as squeezing, 
higher order squeezing, antibunching, higher 
order antibunching, intermodal entanglement, 
and higher order entanglement [4, 5]. Generation 
of those interesting properties in physical 
systems became one of the most important points. 
Therefore, seeking physical models allowing 
for the generating such correlations seems to be 
especially substantial. This paper aims to show 
how it is possible to generate nonclassicalities 
by using techniques of simulation modeling for 
quantum dynamics of Kerr-like nonlinear coupler 
system. Quantum Kerr-like nonlinearity models 
are widely discussed in numerous applications. 
For instance, they were considered as a source 
of non-Gaussian motional states of trapped ions 
[6], and were discussed in a context of the Bell’s 

inequality violations [6]. Such models can also 
be applied in description of nanomechanical 
resonators and various optomechanical systems 
[7], Bose-Einstein condensates [8]. Thus, the 
models of nonlinear directional coupler proved 
to be promising devices, easy treatment for 
finding numerical solutions and for producing 
nonclassicalities and hence its quantumness. 

2. The model description and simulation method
To begin with, let us consider system which 

consists of three nonlinear Kerr-like oscillators 
mutually coupled by linear interaction where 
each oscillator corresponds to a single mode of 
the field labeled a, b and c [9]. The Hamiltonian 
comprising all above – terms which describes 
the dynamics of the system can be written as 
(assuming 1= ):

  
†2 2 †2 2 †2 2 † * † † * †ˆ ˆ ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ .

2 2 2
a b c

ab ab bc bcH a a b b c c a b b a b c c bχ χ χ ε ε ε ε= + + + + + +          (1) 

The parameters aχ ( ),b cχ χ  are proportional 
to the third-order susceptibilities, whereas abε  and

bcε  describe the strength of the linear interaction 
between mode a-b and b-c, respectively. Since 
Hamiltonian of system is expressed in terms of 
bosonic creation and annihilation operators, the 
quantum problem can be solved in Schrödinger 
picture. The time evolution of the system can 
be figured out as progression of the vector in 
Hilbert space. For solution ( )tψ  of Schrodinger 
equation takes the form:

 ( ) ( ) ( )ˆexp 0 .t iHtψ ψ= −     (2)
Using Fock basis, we can construct annihilation 

and creation operators of each mode sparse 
matrices in the Hilbert space ⊗ ⊗a cbH =H H H  
as: 

ˆ ˆˆ m ma a I I= ⊗ ⊗ and † † ˆ ˆˆ ,m ma a I I= ⊗ ⊗  (3)
ˆˆ ˆ

n nb I b I= ⊗ ⊗


and † †ˆˆ ˆ ,n nb I b I= ⊗ ⊗


 (4)
ˆ ˆ ˆl lc I I c= ⊗ ⊗ and † †ˆ ˆ ˆ ,l lc I I c= ⊗ ⊗    (5)

for the mode a, b and c, respectively. The operators 
, ,

ˆ
m n lI are in form of identity matrix with m, n, l 

dimension. Assuming that the field was initially in 
the Glauber coherent states as:

( )0 .ψ α β γ= ⊗ ⊗
   

(6)

Where α , β
 
and γ  are related to the mean 

number of photon by the following relation 
2†ˆ ˆ ˆan a a α= = , 2†ˆ ˆˆbn b b β= =

 
and 

2†ˆ ˆ ˆ .cn c c γ= =  
Using this quantum mapping procedure, it 

is possible to perform and manipulate evolution 
of the wave functions and then compute the 
indicators of interesting properties of our quantum 
system. Matlab computing language [10] is an 
appropriate software for performing our purposes 
due to their simplicity and ease of use even for 
computer users who are not very experienced in 
numerical calculations.

3. Witness of nonclassical properties

3.1. Squeezing and higher-order squeezing 
In general, we study the single mode squeezing 

in terms of quadrature variances [11, 12] as:
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( )† 2
'

1 ˆ ˆ ˆRe 0,
2

a

a

S
a a a

S
    = ∆ ∆ ± ∆ <     

 (7)
where the fluctuation of operators characterized 
as ˆ ˆ ˆ ˆ ˆ ˆ .X Y X Y X Y∆ ∆ = −  

 Figure 1. Evolution of one mode squeezing factors for 0,α = 0.2β γ= = , 1;ab bcε ε= =  (a), (b) 
0.2a b cχ χ χ χ= = = =  for aS , bS (solid line), 'aS , 'bS  (dashed line) and 0.2χ =  for aS , bS  (dotted line), 

'aS , 'bS  line (dashed dotted line); (c) 0.5χ =  and for cS (solid line), 'cS ( dashed line) and 1χ =  
for cS  (dotted line), 'cS  (dashed dotted line). 

Figure 1 describes the single mode squeezing 
at different chosen parameters. Assuming that the 
initial states α is in vacuum state, and 0.2β γ= = . 
We show evolution of the squeezing parameters 
in Figure 1 (a), (b) and (c) corresponding to modes 
a, b, c. The behavior of squeezing factors shows 
that our system can give single mode squeezing 
with two types of criteria (7) in all three modes. 
To discuss the effect of interacting terms between 
modes, we can compare solid line ( 0.2χ = ) with 

dotted line ( 0.5χ = ) corresponding to aS  in 
Figure 1 (a). The intensity squeezing (mode a and 
b) is increased when the nonlinearity constants 
are reduced (on contrary with the growth of 
interaction strength ,ab bcε ε ). Particularly, single 
mode squeezing with rapid oscillations occurs if 
linear interaction terms are greater.

Two mode squeezing can be defined from two 
mode quadrature variances (for example, with 
mode a and b as [13]:

 

( ) ( )( )
† †

'

† 2 2 †

ˆ ˆˆ ˆ2 1

ˆ ˆ ˆˆ ˆ ˆ2Re Re 2 2.

ab

ab

S
a a b b

S
a b a b a b

   = + ∆ ∆ + ∆ ∆     + ∆ ∆ ± ∆ + ∆ + ∆ ∆ <              
(8) 

In Figure 2, we show the coupled mode 
quadrature variances ,abS 'abS  and ,bcS 'bcS for 
α=0, β=0.2, γ=0.2, 1ab bcε ε= =  and different values 
of Kerr-like nonlinearities. The signature of two 
mode squeezing can be realized in two quadratures 
for particular values of interaction time. When the 
nonlinearities are decreasing (the linear coupling 
constants are increasing), the period of effectively 
squeezing is reducing and the intensity is higher. 
Two mode squeezing between the first and second 
modes in two quadratures abS  and 'abS seem to be 

opposite (Fig. 2 (a) and Fig. 2 (b)). If squeezing 
occupies in abS , immediately it disappears in 'abS  
and conversely. Also this interesting phenomenon 
happens similarly for squeezing between the 
second and third oscillators. This means that the 
linear interaction terms in the system can play an 
important role in magnifying nonclassicalities.

Single and two - mode squeezing can be 
regarded as the lowest order nonclassicalities, 
whereas it appears that there are other criteria 
which can be applied to test higher - order 
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squeezing effect. For the convenience we use 
the definition given by Hillery [14], which 
provides witness for the existence of higher - 
order nonclassicality through the two amplitude 
powered quadrature variables defined with use 
of higher power of creation and annihilation 
operators as (for example of mode a):

   † †

1, 2,

ˆ ˆ ˆ ˆˆ ˆ, ,
2 2

l l l l

a a
a a a aX X i+ -= =  (9)

where l is a positive integer. Because two operator 
X̂ and Ŷ  do not commute, from uncertain 
relation, we can obtain the conditions of higher - 
order squeezing [14]:

    
2

, , 1, 2,

1ˆ ˆ ˆ, 0,
2

l

j a j a a aH X X X      
              (10) 

where  1, 2j . 

         (10)

where { }1, 2j = .

Figure 2. Evolution of couple mode squeezing factors 
for 0,α = 0.2β γ= = , 1,ab bcε ε= =  and 0.2χ =  

for the solid line, 0.5χ =  for dashed-line; 1χ =  
for dashed-dotted line.

Variation of ( )4 4 4
1, 1, 1,,a b cH H H  and ( )4 4 4

2, 2, 2,,a b cH H H  
are illustrated in Fig. 3, where negative parts of the 
plots depict signature of higher-order squeezing 
(chosen l=4). We can recognize that considered 
nonclassical properties are periodically present in 
all three modes. Two types of criteria to obtain this 
effect seem to be opposite. If squeezing disappears 

in ( )4 4 4
2, 2, 2,,a b cH H H , it happens in ( )4 4 4

1, 1, 1,,a b cH H H  
immediately. 

Figure 3. The time-evolution of ( )4 4 4
1, 1, 1,,a b cH H H  (solid 

line), and ( )4 4 4
2, 2, 2,,a b cH H H  (dashed line) for 0,α =

0.2β γ= = , 1,ab bcε ε= =  and 1.χ =
3.2. Antibunching and higher - order 

antibunching 
The general criteria for finding the higher - 

order antibunching of the pure mode was first 
given by C.T.Lee [15], and afterwards was 
simply expressed by Pathak and Garcia [16] as

† †ˆ ˆ ˆ ˆ 0,
kk k k

aD a a a a= - <            (11)
for mode a. When k=2 we return to the normal 
antibunching [17].

The existences of the normal and higher order 
antibunching in three modes of our system are 
shown in Fig. 4 with quite weak signals. It is easy 
to recognize that for our system, these nonclassical 
properties are less evident when the levels of 
power are set up with greater values. In addition, 
the linear interaction terms in the system can 
effect on magnifying this nonclassicality when we 
compare three lines in each picture of Fig. 4.

Figure 4. The time-evolution of normal and higher-
order antibunching for 0,α = 0.2, 0.3β γ= = , 

1,ab bcε ε= =  and 0.2χ =  for the solid line, 0.5χ =  for dashed-line; 1aχ =  and for dashed-dotted line.
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3.3. Two mode intermodal entanglement
Entanglement is confirmed to be the central 

source in quantum information processing. Several 
entanglement criteria which would be directly 
applicable for multimode problems exist. Hillery-
Zubairy (HZ) inseparable criterion I and criterion 
II [18, 19] have obtained more attention due to 
simple computation, experimental practicability 
and their recent success in observing entanglement 
in various physical systems. The HZ-I criterion can 
be generally expressed in terms of the creation and 
annihilation operators in the following way [19]:

2
† † †ˆ ˆ ˆˆ ˆ ˆ 0.kl k k l l k l

abE a a b b a b= - <       (12)

The HZ-II criterion can be generalized for 
higher-order moments as [19]:

2
' † †ˆ ˆ ˆˆ ˆ ˆ 0.kl k k l l k l
abE a a b b a b= - <    (13)

When one of these inequalities is fulfilled, the 
multimode system is entangled.

Our numerical simulation shows the existence 
of two-mode intermodal entanglement between 
mode a – b and mode b – c in Fig. 5 and Fig. 6. 
The negative regions of the plots 11

abE , 11
bcE , '12

abE
and '12

bcE  indicate that intermodal entanglement 
and higher-order one are clearly presented. We 
also observe that for some time intervals, their 
depths are proportional to the values of the 
parameters Kerr-like nonlinearities (greater 
values of linear interaction strength). Thus, 
the linear interactions in mode a – b and mode 
b – c also contribute to intensity of this type of 
interesting effect. Hence, our results indicate that 
our three Kerr-like nonlinear coupler system can 
be seen as a source of intermodal entanglement 
and its higher orders.

Figure 5. The time evolution of '11
abE  (a) and '11

bcE  (b) where 0,α = 0.2, 0.3β γ= = , 1,ab bcε ε= =  and 0.2χ =  
for the solid line, 0.5χ =  for dashed-line; 1aχ =  and for dashed-dotted line.

Figure 6. The time evolution of '12
abE  (a) and '12

bcE  (b) where 0,α = 0.2, 0.3β γ= = , 1,ab bcε ε= =  and 0.2χ =  
for the solid line, 0.5χ =  for dashed-line; 1aχ =  and for dashed-dotted line.

4. Conclusions
Various types of nonclassical effects have 

been observed in the model of three nonlinear 

Kerr-like oscillators mutually coupled by linear 
interaction, such as squeezing, antibunching, 
intermodal entanglement and their higher order 
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counterparts. Using unitary evolution operator 
formalism we simulated quantum dynamics 
of system and found numerically the “exact” 
solutions to these factors under damping effect. 
We showed that the parameters considered 
here can be indicators of the generation such 
as nonclassical effects and hence quantumness 
of the system. Additionally, it was easy to 
recognize that the linear interaction terms 
strongly impact on the strength of creation of 
those properties.
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Applying MCNP6 code for the modeling and optimization 
of the Compton suppression gamma-ray spectroscopy

Ứng dụng chương trình MCNP6 cho việc mô hình hóa và tối ưu hóa 
hệ phổ kế gamma nén Compton
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Institute of Fundamental and Applied Sciences, Duy Tan University, Ho Chi Minh City, Vietnam 
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(Ngày nhận bài: 17/12/2018, ngày phản biện xong: 20/12/2018, ngày chấp nhận đăng: 16/09/2019)

Abstract
The HPGe spectroscopy system integrated with a BGO detector that operated in the anti-coincidence mode is well suited 
to analyze the low-radioactivity of samples to unmask the buried peaks under Compton continuum background. In the 
present study, the performance of Compton suppression system (CSS) at the NAA’s lab (KAERI) was optimized using 
MCNP6 code through the evaluation of the Compton Suppression factor (CSF). After validating the CSS model by 
comparing the calculated efficiencies with the experimental ones, the optimal values have been obtained as 10 cm and 
1.8 cm in the relative position of two detectors and a thickness of the BGO detector, respectively. The lowest threshold 
energy (from 30 to 100 keV) of the BGO detector was suitable in operating the CSS that has been confirmed based on the 
simulation. As the optimal performance of the CSS, the CSF was enhanced to 8 when the CSS reinstalled at the optimal 
parameters.

Keywords: Compton Suppression System, MCNP, Detector Response Function, HPGe detector, Gamma-ray spectroscopy.

Tóm tắt
Hệ phổ kế HPGe tích hợp với đầu dò nhấp nháy BGO vận hành ở chế độ phản trùng phùng thích hợp cho việc phân tích 
các mẫu hoạt độ thấp với các đỉnh bị che khuất bởi phông nền Compton. Trong nghiên cứu này, hệ nén Compton tại phòng 
thí nghiệm NAA (KAERI) đã được tối ưu bằng chương trình MCNP6 dựa vào việc đánh giá hệ số nén Compton. Dựa 
vào mô hình hệ CSS sau khi đã được phê chuẩn thông qua việc so sánh giữa hiệu suất tính toán và thực nghiệm, giá trị tối 
ưu đối với khoảng cách tương đối của hai đầu dò và độ dày của đầu dò nhấp nháy thu được là 10 cm và 1.8 cm. Ngưỡng 
năng lượng từ 30 keV đến 100 keV của đầu dò BGO tương thích cho việc vận hành hệ nén Compton đã được xác nhận 
lại bằng thực nghiệm. Hệ số nén Compton của hệ đã được nâng lên giá trị 8 sau khi cài đặt lại hệ nén Compton tại các giá 
trị thông số tối ưu.

Từ khóa: Hệ nén Compton, MCNP, hàm đáp ứng phổ, đầu dò HPGe, hệ phổ kế gamma.

1. Introduction
Gamma-ray spectroscopy system based on high-

purity germanium (HPGe) detectors has a competent 
capacity that utilized for non-destructive assay of 

radioactive materials in a variety of applications, 
including neutron activation analysis (NAA), 
environmental radioactivity, and fundamental 
physics research [1-3]. Due to having the excellent 
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energy resolution and high efficiency, the analyses 
of various radionuclides in composite samples can 
be analyzed by the HPGe detectors. From several 
hundreds of keV to several MeV of energy range, 
the interaction between γ-rays and detector takes 
place mainly through Compton scattering. Thus, 
detection of the low intensity of γ-rays is always 
complicated because the Compton continuum arises 
from partial energy depositions of incident γ-ray 
radiation scattering out from the principal detector 
and consequently raises the lower detection limits 
for gamma-ray energies in that region [4, 5]. The 
Compton continuum also obscures lower energy 
decays, reducing the observed Peak-to-Count (P/C) 
ratio for these transitions. The reduction of the 
component scattered in the detector can be obtained 
by active Compton suppression techniques [6]. 
There are different principles that have been 
proposed for the reduction of the Compton 
continuum exist [7, 8]. An anti-coincidence 
Compton suppression is one such technique, which 
uses a secondary detector to capture escaping γ-ray 
radiation. If the detectors are time-synchronized, it 
is possible to identify coincident events which can 
then be vetoed the registration of Compton events 
occurring in the central detector, and the Compton 
continuum can be therefore suppressed by this way. 
The CSS to improve the P/C ratio of HPGe detectors 
have been successfully used for several decades in 
the areas of the NAA, low-level radioactive waste, 
environmental naturally occurring radioactivity 
measurements and basic nuclear physics research 
[9, 10]. The essential advantages of CSS which 
are the substantial decrease of background activity, 
will also help to resolve peaks buried under the 
background and peaks in close vicinity of others 
leading to improve the Minimum Detectable 
Activity and overall spectrum quality. The NAA’s 
lab at the Korea Atomic Energy Research Institute 
(Republic of Korea) has recently installed a 
new CSS to measure the radioactivity of the low 

activity material accurately. The CSS at NAA’s 
lab is composed of a primary HPGe detector and 
a cylindrical annular BGO guard detector to detect 
scattered gamma-rays. 

Monte Carlo (MC) techniques have been 
used to simulate the response of CSS, mainly for 
utilization to design and optimize the geometrical 
configuration in the last few years [11, 12]. This 
study’s purpose was to determine the optimal 
parameters of the CSS by MC simulating the 
anti-coincidence effect. The correlation between 
experiments and simulations was verified and 
therefore applied it for finding the optimal 
configuration for practical. The experimental 
suppression performance of the CSS has been 
verified in comparison with the results of the 
simulation by checking the Compton Suppression 
Factors (CSF). Through careful optimization of 
the geometrical and electronic configuration, the 
CSS has achieved high performance.      

2. Experimental
The CSS at the NAA’s lab is a typical 

CSS involving the use of an annular detector 
surrounding the principal detector. Some auxiliary 
components were installed additionally for 
supporting the operation of the CSS such as a lead 
shield, a liquid nitrogen dewar, electronic modules, 
and an emulator software (MAESTRO-32). The 
electronic modules of the CSS are comprised of 
a timing filter amplifier (TFA), constant fraction 
discriminator (CFD), gate and delay generator 
(GDG), high voltage power supply (HV), single 
channel analyzer (SCA), time-to-amplitude 
converter (TAC) and DSPECPLUS. The working 
principle of the system’s anti-coincidence 
measurement process is shown in Fig. 1. 
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Figure 1. (top) the schematic diagram of Compton 
suppression system. (bottom) the photograph 

of the CSS at NAA’s lab. 

In this CSS, an ORTEC GEM detector is used 
as a central detector, which is a p-type coaxial 
HPGe detector having an ultra-thin entrance 
window thickness of 0.3 μm. The HPGe detector 
was supported vertically by a J-type cryostat. 
The HPGe detector capsule having an end cap 
diameter of 7.6 cm was mounted on the cryostat 
with a right-angle bend at 40.6 cm from the side 
of the dewar. The Ge crystal is 6.07 cm in outer 
diameter and 6.19 cm in length. Inside the Ge 
crystal, there was a hole with a diameter of 10.3 
cm and a depth of 5.52 cm. The Ge crystal had 
a nominal rounded corner as 0.8 cm in radius 
and was held in an aluminum cylinder with a 
thickness of 0.8 cm. The resolution of this HPGe 
detector obtained as 1.95 and 5.9 keV at 1.33 
MeV (60Co) and 5.9 keV (55Fe), whereas the 
relative efficiency was 40% with the P/C ratio 
of 59:1. Guard detector efficiency depends on 
the density and thickness of the material. The 
high-density of bismuth (7.13 g cc-1) leads to 
a linear attenuation coefficient at 500 keV of 
0.95 cm-1 thus much small BGO (Bi4Ge3O12) 
guard detector can be employed popularly as a 
suppressor where a high photoelectric fraction 
is required. A SAINT-GOBAIN BGO detector 
(A/C 127 YPE 152/BGO model) is used as the 
annular guard detector in this CSS. The BGO 

crystal is a hollow cylinder with a beveled top 
having an outer diameter of 12.1 cm, an inner 
diameter of 9.1 cm, and a height of 1.52 cm. An 
aluminum shell enclosed this annulus with an 
outer diameter of 15.2 cm, an inner diameter of 
8.6 cm, and a height of 16.85 cm.  The ORTEC 
lead shield (HPLBS2F model) is employed to 
reduce the counts of unexpected sources from 
outside that interfere to the spectral counts. 
This shield with a 28 cm in inner diameter and 
40 cm in height is designed to accommodate a 
J-type cryostat which provides a complete 360o 
shielding for the central and guard detectors. 
The wall of lead shield consists of a low-carbon 
steel casing, and a certified Doe Run lead with 
the thicknesses of 0.95 and 10.1 cm, respectively. 
To prevent X-ray interferences, 0.1 cm of tin and 
0.16 cm of copper line inside the shield. 

Monte Carlo (MC) method is a powerful 
modeling tool, which can be of great aid in the 
analysis of complex systems, due to its inherent 
capability of achieving a closer adherence to reality. 
It may be generally defined as a methodology for 
obtaining estimates of the solution of mathematical 
problems by means of random numbers. In particle 
transport, the Monte Carlo technique is pre-
eminently realistic (a theoretical experiment). It 
consists of actually following each of many particles 
from a source throughout its life to its death in 
some terminal category (absorption, escape, etc.). 
Probability distributions are randomly sampled 
using transport data to determine the outcome 
at each step of its life. In the last few years, MC 
methods have been used to simulate the response 
of CSS, mainly for the evaluation and optimization 
of the multiple components of such systems. 
MCNP is a coupled neutron/photon/electron Monte 
Carlo transport code for modeling the interaction 
of radiation with matter, and its quality has been 
guaranteed with some advanced features as a 
general-purpose, continuous-energy, generalized-
geometry, and time-dependent. In this study, the 
MCNP (version 6.1) was adopted to optimize this 
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CSS due to the available anti-coincidence feature 
of the pulse high tally function that can run in the 
parallel mode in comparison with other codes [13].

3. Modeling
The geometrical dimensions of the detectors 

and lead shield provided by the manufacturer were 
used as an initial guess in the simulations. However, 
it was necessary to fine-tune several parameters, 
including dead-layer thicknesses, to get a closer 
agreement with the measurements. According to 
the studies [14, 15], the best solution to achieve the 
closest match between simulation and experiment 
is a comparison with its efficiency curves because 
the efficiency is strongly sensitive with the change 
of experimental geometry. For p-type detectors, 
the thick dead layer is at the inside core, and the 
outer contact is thin. Therefore, their effect on the 
efficiency tends to grow towards higher energies. 
The MCNP calculation of efficiencies was carried 
out on the condition that a multi-nuclide standard 
point source was located at 12.5 cm from the 
center of the HPGe detector window so the true 
coincident-summing effect can be negligible. The 
multi-nuclide standard source (consisting of 113Sn, 
57Co, 60Co, 123mTe, 51Cr, 85Sr, 109Cd, 137Cs, 88Y and 
241Am) which covers the energy range of 60-1836 
keV for satisfying the interested energy range in 
NAA method. The efficiencies were calculated 
with the same experimental condition in the 
normal mode. Because the calculated efficiencies 
are typically higher than the experiment about 10-
20%, and in particular, the calculated efficiency is 
very sensitive to the HPGe detector parameters in 
the low energy range such as a dead layer thickness, 
a detector cap face to crystal distance, a depth of 
crystal hole, etc. [16, 17]. The strong discrepancies 
arise between the calculated and experimental 
efficiencies when referencing the technical data 
of the manufacturer describes. Therefore, the 
CSS geometry used in MCNP simulation should 
be slightly tuned from the nominal dimension of 
Ge crystal in order to reproduce the measured 

efficiency values in the best consistency. In this 
study, the dead layer thickness was tuned by 
considering the discrepancy in the energy region 
below 100 keV strictly. The efficiency was 
calculated by increasing the outer and inner dead 
layer thickness from a nominal value of 0.3 to 21 
µm, and from 700 to 1260 µm, respectively. In 
addition, the rounded corner of the Ge crystal was 
also created in the model with 8 mm radius. Figure 
2 presents the result of calculating efficiencies 
based on the MCNP model (Fig. 3) that were 
in agreement within 4% of the experimental 
efficiencies over the interested energy range.

Fig. 2 Calculated and experimental efficiencies 
of the CSS for the multi-nuclide source in the upper part 

and the percentage difference between the calculation 
and experiment in the lower part.

Fig. 3 The MCNP model of the CSS in 3D construction. 
(a) radioactive source, (b) sample mount, (c) annular 

BGO crystal, (d) aluminum cover of BGO detector, (e) 
germanium crystal, (f) aluminum cover of HPGe detector.

In the MCNP simulations, the calculation of 
deposited energy, which is a measure of a pulse-
height spectrum, in both main HPGe detector and 
suppression scintillators can be undertaken in 
two different approaches by analyzing PTRAC 
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card and using pulse-height (F8) tally [18]. All 
the necessary information for anti-coincidence 
consideration required by the CSS can be 
generated using PTRAC card. The PTRAC 
output is usually a large data file of positions, 
direction cosines, energies and interaction 
times; this approach was therefore not adopted 
in this study because the extraction of precise 
deposition energies is very complex. In another 
approach, the F8 tally with Gaussian energy 
broadening (GEB) option was used to generate 
gamma spectra of the HPGe detector. To remove 
coincidence particles, the F8 incorporates with 
the FT PHL option, which causes the omission of 
the pulse heights corresponding to those gamma 
rays escaped from the main detector and detected 
in the suppression detector. The Bremsstrahlung 
option of the phys:p card with mode n p was turned 
on the simulation,  and the couple parameters (a, 
b, and c) were passed to the GEB option in the 
FT card for the HPGe (1.05 × 10-3 MeV, 1.35 × 
10-4 MeV1/2, and 33.47 MeV-1) and BGO (1.47 × 
10-2 MeV, 1.06 × 10-1 MeV1/2, and 0.0 MeV-1) 
detectors. These parameters were obtained from 
Levenberg-Marquardt fitting results of Eq. 1 
based on the measured FWHM with the previous 
multi-nuclide standard source.

 
2 1/2( )FWHM a b E cE= + +     (1)

Where, E is the gamma-ray energy measured 
in MeV; and a, b, and c are parameters obtained 
from the fit which can be passed to the special 
GEB treatment in the FT card of the MNCP input.

To reduce computing time when simulated in this 
study, the source biasing represents the only feasible 
method to improve computational efficiency. 
Therefore, the isotropic source irradiating in 4π solid 
angles was replaced by the source emitting particles 
only in the semi-sphere oriented toward the CSS. 
This semi-sphere had no effect on the results since the 
photons emitted from opposite semi-sphere did not 
hit to the CSS. Furthermore, to decrease computing 
time the cutoff energies were set to 1 keV for both 

photons and secondary electrons and the setting of 
minimum deposited energy in the BGO detector as 
10 keV. The simulations were run in 109 histories for 
ensuring a statistical uncertainty below 3%. 

Several methods are available for quantifying 
the levels of suppression achieved as the Peak-
to-Total ratio (P/T), P/C, and the CSF [19].  
However, the main one used in this study will be 
the CSF that is the ratio of P/C for unsuppressed 
and suppressed spectra, which also takes into 
account the reduction in photopeak efficiency as 
well as the suppression of the continuum. The 
CSFcal for the simulation is defined as (Eq. 2):

 

_

_

NS cal
cal

S cal

P
CSF

P
=       (2)

Where, PNS_cal and PS_cal are the probability 
of an event in the Compton continuum without 
and with suppression, respectively. According to 
the ASTM [20], the energy ranges were defined 
from 358 to 382 keV with the 137Cs photopeak 
at 662 keV and 1040 to 1096 keV with the 60Co 
photopeak at 1332 keV.  Equation 3 returns back 
the CSFexp in the experimental.

 

_ exp
exp

_ exp

NS

S

P
CSF

P
=      (3)

Where, PNS_exp and PS_exp are the ratios of the 
net photopeak area to the average count in the 
associated Compton continuum that is defined 
above with compatible sources.

Fig. 4 The comparision between the simulated and 
experimental spectra of 137Cs in normal 

and anti-coincidence modes.
As shown in Fig. 4, the measurement results 

for the gamma-ray energies under the Compton-
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edge region were in a good agreement with 
the simulation results of the standard 137Cs 
radioactive source. However, in the energy range 
from 450 to 480 keV, the suppressed spectrum 
of the simulation forms a small peak. With the 
ideal or a well-defined CSS with an optimized 
entrance hole of the collimator, the Compton edge 
shows a very narrow and sharp shape like a peak 
[21] in the pulse height spectrum. The Compton 
edge peak was confirmed in the simulation 
result due to the MCNP simulations in an ideal 
calculation. In addition, some difference between 
the simulation and the measurement results were 
shown in the energy region around 80 keV. 
In an effort to comprehend the reasons for the 
discrepancy in the 80 keV energy region, more 
simulations and experiments were performed 
under various conditions. These results showed 
the same phenomenon that seemed to be due to 
some physical modeling such as the efficiency of 
light collection in PMT, signal processing, and so 
on. Because the MCNP simulation code cannot 
simulate such parameters as the efficiency of 
light collection in the PMT, optimized physical 
modeling will be performed in future studies by 
using different simulation codes.

4. Optimizations
This study aims to optimize the geometry 

of this geometric CSS layout, and survey 
parameters affecting the value of the CSF. 
Previous studies indicate that CSF depends 
strongly on the position of the primary detector 
on the annular detector as well as the thickness 
of the BGO detector [22, 23]. To estimate the 
performance of the CSS, the optimal position of 
the HPGe detector inside the BGO detector and 
the optimal thickness of the BGO detector were 
investigated in this study. The input of MCNP 
was written in the format of WORM code [24] 
for changing easily the geometry during the 
optimized process.  

4.1 Optimal position between the HPGe and 
BGO detectors

Finding the optimal position of the HPGe 
detector inside the annular BGO detector was 
carried out using the simulation in both normal 
and anti-coincidence modes with the use of 137Cs 
and 60Co sources located at 12.5 cm from the 
HPGe detector window. The HPGe detector was 
aligned inside the BGO detector so that the axes 
of both detectors were identical. The relative 
position between two detectors is determined 
from the top surface of the HPGe detector to the 
top of the BGO detector. The series of the CSF 
calculation has been started at the position of 0 
cm, where two top surfaces of detector matched 
together and continued until the relative 
position between two detectors reaching 24 cm 
with an increment of 2 cm for each step. Figure 
5 presents the dependence of the CSF ratio on 
the relative position between two detectors, and 
the CSF ratio reaches a maximal value at the 
relative position between two detectors within 
10–12.5 cm. 

Fig. 5 CSF ratio as a function of the relative position 
between the central HPGe and annular BGO detectors.
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Fig. 6 The relationship between the scattering angle 
and resultant Compton continuum contributing 

in a simulated spectrum of  60Co (top) and 137Cs (bottom) 
in normal and anti-coincidence modes 

with several relative positions.
Based on the simulated spectra, the relationship 

between the scattering angle and resultant Compton 
continuum contributing in a spectrum of a central 
detector can be explained in Fig. 6. Failure to 
detect photons scattered in a given direction will 
detrimentally influence the suppression ratio in a 
particular Compton region. Note that the '

1γ  photon 
has lost an little energy in the HPGe detector and 
is traveling forward with high residual energy, 
whereas the '

3γ  photon has lost most of its energy 
in the HPGe detector and scattered backward. It 
dictates the need for high guard detector efficiency 
in the forward direction and much less in the 
backward direction with intermediate efficiency 
in between. With a moving range from 0 to 24 
cm, the BGO detector has been moved from 
the maximum to the minimum of the scattered 
energies. Each gamma-ray spectrum in Fig. 6 has 
a different shape depending on the location of the 
BGO detector during the optimization process. To 
compare with the experiment, the experimental 
CSF was measured as 3.5 at 10 cm of the relative 
position between two detectors and its value in 
agreement with the calculated values.

4.2 Changing the thickness of the BGO detector
Because the detection efficiency of the BGO 

detector is sensitive to its size, the assessment 
of the BGO thickness has been carried out at the 

relative position of 10 cm. In the first simulation, 
the BGO thickness of the annular detector was kept 
at its initial value of 1 cm to observe its effect on 
the anti-coincidence of the system. The increment 
of these continued simulations was 0.1 cm until 
reaching 3.4 cm of the BGO thickness.  As can 
be seen from Fig. 7, as the thickness of the BGO 
detector increased, the anti-coincidence effect of 
the system showed a significant upward trend. The 
CSF of the system increased to 8 in increments of 
1.8 cm. However, when the thickness reached 2 
cm, the CSF trend flattened, with slow growth and 
stagnation at a value around 8. Considering the 
above results, material cost and geometric space of 
the system, a 2 cm wall thickness of BGO detector 
was deemed optimal in compared with 1.8 cm of 
the actual thickness of the BGO detector. Figure 8 
shows several gamma-ray spectra corresponding 
to the different thickness of the BGO detector.

Fig. 7 CSF trend with increasing BGO wall thickness

 Fig. 8 The gamma-ray spectra of 60Co (top) 
and 137Cs (bottom) corresponding to the different 

thickness of the BGO detector.
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4.3 Confirm the effect of the threshold level 
on the BGO detector

The effect of threshold level on the BGO 
detector was confirmed based on the simulation 
and experiment. The simulations have been carried 
out with the variation of energies ranging from 30 
to 500 keV with a 137Cs radioactive source based 
on the optimal values, which have been obtained 
in the above simulations. Because the threshold 
energies of BGO detector were adjusted using a 
fast-filter amplifier (FFA) trigger level, the unit of 
threshold energy was the DC voltage used in the 
experiments. In the results (Fig. 9), as the threshold 
energy was increased from 30 keV to 100 keV, the 
suppression ratio was reduced slightly. However, 
as the threshold energy was increased from 100 
keV to 500 keV, the suppression ratio was reduced 
significantly. According to this simulation, and as 
expected, the lowest threshold energy (from 30 to 
100 keV) of the guard detector turned out to be the 
most suitable.

Fig. 9 The effect of the threshold level on the BGO 
detector in simulation and experiment.

5. Conclusions 
In the present study, it has been demonstrated 

that the MCNP code provides an adequate tool 
for designing and optimizing the CSS. It is also  
useful to generate realistic detector response 
functions and predict the gamma-ray spectra 
of the CSS modeling in the normal and anti-
coincidence modes. Consequently, MCNP 
code has been used to calculate the gamma-ray 

spectra and optimize the CSS geometry for NAA 
application. The agreement between simulation 
and experimental efficiencies within 4% of each 
other further supports the use of the MCNP model 
to predict optimum CSS parameters. Based on 
the MCNP simulation, the optimization process 
of the CSS at the NAA’s lab has been performed 
and gave a comprehensive insight of it. The CSS 
model based on MCNP code has been validated 
by comparing the calculated efficiencies with 
the experimental ones. With this model, we 
have obtained the optimal position between two 
detectors as well as the assessment of the real 
thickness of the BGO detector, and its values 
have been applied to the experiments. From the 
simulation results, the relative position of 10 cm 
and 1.8 cm in a thickness has returned back the 
best CSF values. In addition, the threshold level 
of the BGO detector has been reconfirmed by the 
simulation.
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Abstract
We put forward a simple proof of the comparison property of the parabolic system of Lane-Emden type ut − ∆u = vp,
vt − ∆v = uq in Rn, where p, q > 0 and pq > 1. Our proof is based on a new argument of maximum principle.

Keywords: Comparison property, Parabolic system, Lane-Emden.

Tóm tắt
Chúng tôi đưa ra một chứng minh đơn giản về tính chất so sánh đối với hệ parabolic dạng Lane-Emden ut − ∆u = vp,
vt − ∆v = uq trong Rn, với p, q > 0 và pq > 1. Chứng minh của chúng tôi dựa trên một lí luận mới về nguyên lý cực đại.

Từ khóa: Tính chất so sánh, Hệ parabolic, Lane-Emden.

1. Introduction

The motivation of this research paper stems
from the work of Bidaut-Véron [1] and Souplet
[5] in which an important pointwise differential
inequality for positive solutions of the famous
Lane–Emden system was shown as follows:


−∆u = vp,

−∆v = uq in Rn, (1)

where p � q > 0. A very interesting question
concerning the system (1) is the Lane-Emden
conjecture, which states that system (1) has no

entire positive solution if and only if

1
p + 1

+
1

q + 1
> 1 − 2

n
. (2)

Toward tackling the Lane–Emden conjecture, a
pointwise differential inequality for positive so-
lutions of (1) was found by Souplet. To be more
precise, it was proved in [5, Lemma 2.7] that

vp+1

p + 1
�

uq+1

q + 1
. (3)

This inequality was then extended to positive
solutions of Hénon-Lane-Emden system in [4].
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Such a comparison as in (3) is highly important
as it allows us to obtain various Liouville-type
results for stable solutions, see e.g., [7, 6, 2].
This kind of comparison property was proved for
Dirichlet problem in bounded domain by Bidaut-
Véron [1, Remark 3.2].

The inequality (3) in particular case q = 1
provide a pointwise inequality for solutions of
equation

∆2v = vp

as

−∆v �

√
2

p + 1
v

p+1
2 in Rn. (4)

In this paper, we use a powerful argument of
maximum principle to derive a poinwise inequal-
ity of parabolic system of Lane-Emden type


ut − ∆u = vp,

vt − ∆v = uq in Rn, (5)

where p, q > 0. Our result is as follows:

Theorem 1. Let (u, v) be a positive solution of
system (5). Assume that p ≥ q > 0 and pq > 1,
then we have the following pointwise inequality

vp+1

p + 1
�

uq+1

q + 1
in Rn. (6)

We note that the Liouville-type theorem for
system (5) is conjectured to hold in the range
(2). However, it is still an open question, even in
dimension n = 1 or in the class of radial solu-
tions, we refer to papers [3, 8] for some partial
results. It is expected that the pointwise inequal-
ity is an important step to tackle the Liouville-
type for system (5).

The rest of this paper is devoted to the proof
of Theorem 1.

2. Proof of Theorem 1

Denote
w = v − luσ,

where σ := (q + 1)/(p + 1) and l := σ−1/(p+1).
By a direct computation and taking into account

σ ∈ (0, 1], we have

∆w ≥ ∆v − lσuσ−1∆u

= vt − uq + lσuσ−1(vp − ut)

= lσuσ−1(vp − lpuσp) + wt. (7)

We prove w � 0 by way of contradiction. Sup-
pose that M = sup

Rn×R
w(x, t) > 0 (M � +∞). There

are two possible cases:

Case 1. If (x0, t0) is a global maximum point of
w in Rn × R, that is

w(x0, t0) = sup
(x,t)∈Rn×R

w(x) = M > 0

with ∆w(x0, t0) � 0 and wt(x0, t0) = 0. We have a
contradiction with (7) at (x0, t0).

Case 2. The supremum of w is attained as |x| +
|t|1/2 → ∞. Let ψ be a smooth cuff-off function
in RN , 0 ≤ ψ � 1, ψ = 1 if |x| + |t|1/2 ≤ 1/2 and
ψ = 0 if |x|+ |t|1/2 > 1. Let ϕ = ψm with m > 0 be-
ing chosen later. Then we have the upper bound

|ϕt| + |∆ϕ| + ϕ−1|∇ϕ|2 � Cϕ1−2/m. (8)

For each R > 0 we set

ϕR(x, t) = ϕ(x/R, t/R2), wR = ϕRw.

Since wR is zero if |x|+ |t|1/2 > R, then there exists
(xR, tR) such that

MR := max
Rn×R

wR = wR(xR, tR).

The choice of ϕ implies that MR → M as R→ ∞.
The property of local maximum gives



wt = −
(ϕR)t

ϕR
w,

∇w = − ∇ϕR

ϕR
w,

0 �∆wR at (xR, tR).

Combining this with (7), at (xR, tR), we have

0 �ϕR ∆w + 2∇ϕR · ∇w + ∆ϕR w

≥ϕR

(
lσuσ−1(vp − lpuσp) + wt

)

+ 2∇ϕR · ∇w + ∆ϕRw

=ϕR lσuσ−1(vp − lpuσp) − (ϕR)tw

− 2ϕ−1
R |∇ϕR|2w + ∆ϕRw
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This combined with (8) yields

CR−2ϕ1−2/m
R w � ϕR lσuσ−1(vp − lpuσp) (9)

at (xR, tR). We now consider the following two
subcases.

Case 2.1: If the sequence u(xR, tR) is
bounded, then uσ−1(xR, tR) is bounded below
away from zero. Recalling p > 1, then using the
inequality

(a + b)p − ap � bp, a, b � 0, (10)

it follows from (9) that, at (xR, tR)

CR−2ϕ1−2/m
R w � CϕR wp

Hence,

CR−2 � ϕ2/m
R (xR, tR) wp−1(xR, tR).

Choosing m > 0 such that 2/m = p−1, we arrive
at

CR−2 � ϕp−1
R (xR, tR) wp−1(xR, tR) = Mp−1

R ,

which is impossible when R is large.
Case 2.2: If the sequence u(xR, tR) is un-

bounded, up to a subsequence, we may assume
that

lim
R→∞

u(xR, tR) = ∞.

Since pq > 1 and p > 1, there exists ε > 0
small enough such that pq− 1− ε(q+ 1) > 0 and
p > 1 + ε. For 0 < b < a, using the convexity
of function f (s) = sp/(1+ε) in (0,∞) and (10), we
have

ap − bp = (a1+ε)
p

1+ε − (b1+ε)
p

1+ε

≥ p
1 + ε

(b1+ε)
p

1+ε−1(a1+ε − b1+ε)

=
p

1 + ε
(bp−ε−1)(a1+ε − b1+ε)

≥ p
1 + ε

(bp−ε−1)(a − b)1+ε.

Taking a = v(xR, tR), b = luσ(xR, tR), we deduce
from (9) that, at (xR, tR),

CR−2ϕ1−2/m
R w � ϕR uσ−1uσ(p−ε−1)w1+ε

= ϕRu
pr−1−ε(r+1)

p+1 w1+ε

≥ CϕRw1+ε.

where C > 0 independent of R, and in the last
inequality we used the unboundedness of the se-
quence u(xR, tR). Hence,

CR−2 � ϕ2/m
R (xR, tR) wε(xR, tR).

Again, choosing m > 0 such that 2/m = ε, we
arrive at

CR−2 � ϕεR(xR, tR) wε(xR, tR) = MεR,

which is impossible when R is large. Theorem is
proved.
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Abstract
Leaf development is a progressive process with several different stages, in which leaf senescence is often considered 
as the final phase from maturation to attrition. Leaf senescence is a fateful phenomenon in leaf development and 
usually started from cells distant from the main vascular tissue and continues to move to the center. We show that in 
pANAC053::GUS reporter lines starts at the tip of the leaf, followed by the leaf margin and progression to the base. The 
pattern of this expression is consistent with the enhanced expression of ANAC053 during leaf senescence as reported by 
several expression studies. 

Keywords: Arabidopsis thaliana, senescence, ANAC053, transcription factor, expression pattern.

Tóm tắt
Phát triển lá là một quá trình gồm nhiều giai đoạn phát triển liên tục, trong đó quá trình lão hóa được xem như pha cuối 
cùng tính từ giai đoạn trưởng thành cho đến lúc lá rụng. Lão hóa lá là một hiện tượng không thể tránh khỏi trong tiến trình 
phát triển lá và thường khởi đầu từ các tế bào ở xa gân lá nhất và dần dần tiến vào phần trung tâm. Trong nghiên cứu này, 
chúng tôi đã xây dựng cấu trúc pANAC053::GUS và chuyển vào cây Arabidopsis, kết quả cho thấy cấu trúc biểu hiện tập 
trung chủ yếu ở các tế bào xa gân lá nhất. Một số nghiên cứu khác về điều khiển biểu hiện gene cũng cho thấy nhân tố 
phiên mã ANAC053 liên quan đến việc điều khiển một số gen kiểm soát quá trình lão hóa của lá.

Từ khóa: Arabidopsis thaliana, lão hóa, ANAC053, nhân tố phiên mã, cấu trúc biểu hiện.

1. Introduction
Leaf development includes many different 

phases, from leaf primodium formation to 
proliferation, expansion, maturation and attrition. 
The final phase, from maturation to attrition, is 
referred to as leaf senescence [1]. Leaf senescence 
is a fateful phenomenon in progression of leaf 

development and occurs in an age-dependent 
manner. It involves many metabolic processes 
in the cell at different levels. During progression 
of leaf senescence, the cells in a given leaf are 
at different stages since senescence progresses 
from the tip to the base. Normally, cells distant 
from the main vascular tissue initiate the leaf 
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senescence, followed by cells around margins; 
then senescence moves gradually into the center 
of the leaf. In contrast, cells in the vascular 
tissues are still active to salvage and transport 
the breakdown product to other growing parts 
of the plant or the reproductive organs. Thus, 
leaf senescence must be tightly controlled by a 
genetic program, but it is strongly dependent on 
external environmental factors. Recently, a series 
of factors controlling leaf senescence have been 
identified such as WRKY, WRKY22, WRKY6, 
WRKY53, WRKY70... [2-4]. Especially, many 
recent studies have shown that some NAC 
transcription factors regulate leaf senescence 
such as ORE1 (ANAC092) ORS1 (ANAC059), 
AtNAP (ANAC029) [5-6].

The study of the expression patterns of 
transcription factors plays an important role in 
determining and predicting their function. In 
this study, we report the expression pattern of 
NAC053, a transcription factor in Arabidopsis 
thaliana with a potential role in leaf senescence.

2. Methods

2.1. Promoter-reporter construct
To study the tissue-specific expression pattern 

of ANAC053, the ANAC053 promoter (1701-bp 
upstream of the transcription start site, including 
228 bp of the 5’-UTR) was amplified using PCR 
with pANAC053-F primer: 5’- CACC CCA ACA 
GAA TCA TCA TGA GAA TGA CC -3’ and 
pANAC053-R primer: 5’- ATA CTC GAT GGA 
CCA AAA CTC AAA CAC A -3’ and cloned 
into the pENTR/D-TOPO vector. The ANAC053 
promoter was then fused to the β-glucuronidase 
(GUS) reporter gene in the pKGWFS7.0 
gateway vector (http://gateway.psb.ugent.be) by 
LR recombination (Invitrogen). The ANAC053 
promoter regulates the transcription of the 
β-glucuronidase (GUS) reporter gene.

2.2. Subcellular localization construct
The 1647-bp long coding sequence of 

ANAC053 (without stop codon) was cloned into 
the pENTR/D-TOPO vector using RT-PCR with 
ANAC053-CDS-F primer: 5’- CACC ATG GGT 
CGT GGC TCA GTA ACA TCG CT -3’ and 
ANAC053-CDS-R primer: 5’- CCT GGA AGA 
GAC CAA AAT GCT CAC -3’. The ANAC053 
gene in the pENTR/D-ANAC053 vector was 
then fused to the enhanced green fluorescent 
protein (eGFP) gene at the N-terminus in 
the pK7FWG2 gateway vector (pK7FWG2/
p35S::ANAC053::eGFP) (http://gateway.psb.
ugent.be) by LR recombination (Invitrogen).

2.3. Plant transformation and identification 
of transgenic plants

A binary vector carrying the appropriate 
construct was introduced into Agrobacterium 
tumefaciens strain GV3101 by electroporation, 
and the Agrobacterium carrying the recombinant 
vector was infiltrated into Arabidopsis thaliana 
Col-0 by the floral dip method [7]). For 
overexpression and inducible overexpression 
transgenic plants, T3 generation progeny were 
screened to obtain homozygous lines by genetic 
analysis and their expression levels of the 
ANAC053 gene were determined by quantitative 
RT-PCR. Some representative transgenic lines of 
ANAC053 were used for further analyses.

2.4. Histochemical GUS staining
Transgenic plants of the full-length sequence 

of the ANAC053 promoter fused to the GUS 
gene were incubated with a X-GLUC staining 
solution [50 mM Na-phosphate buffer (pH 7.2), 
10 mM EDTA, 3 mM K-Hexacyanoferrat (III), 
0.1% Triton X-100, 0.1% Tween 20 and 0.5 mg/
ml 5-bromo-4-chloro-3-indolyl-β-glucuronic 
acid (Duchefa)] for overnight at 37oC. Samples 
were then washed with 70% ethanol for at 
least 4 hours to fix the tissues and to remove 
chlorophyll. Then cleared tissues were observed 
and imaged under the stereo microscopy 
(Olympus, Germany).

Nguyen Minh Hung / Tạp chí Khoa học và Công nghệ Đại học Duy Tân 06(37) (2019) 69-72



71

3. Results and Discussion

3.1. Subcellular localization of ANAC053
To determine the subcellular localization of 

ANAC053, its coding sequence (without stop 
codon) was fused to the green fluorescent protein 
(eGFP) gene at its N-terminus (Fig. 1a). Initial 
investigations of transgenic plants expressing 
the GFP fusion-protein indicated the presence 
of ANAC053 both, in the nucleus and the 
cytoplasm or roots (Fig. 1b). A similar pattern of 
localization was observed in leaves. Moreover, 
a recent publication of ANAC053::GFP in 
tobacco leaves revealed a similar distribution of 
the protein [8]. Interestingly, we did not observe 
any insertion of the ANAC053 protein into the 
plasma membrane, suggesting the C-terminal 
hydrophobic domain might not represent a true 
transmembrane domain.

Fig. 1. Subcellular localization of ANAC053. 
(a) ANAC053-eGFP fusion construct. (b) GFP signal 

of ANAC053-GFP fusion-protein in the nucleus (arrows) 
and the cytosol of an Arabidopsis root.

3.2. Expression pattern of ANAC053 
To determine the expression domain of 

ANAC053 in leaves, a histochemical analysis of 
the GUS activity in transgenic plants, containing 
a construct of the ANAC053 promoter (covering 
1473 bp of the promoter and 228 bp of the 5’-
UTR) fused to the GUS gene (Fig. 2e), was 
performed. GUS activity was first detected in 
the tip of the growing leaf which spread around 
the leaf margin in a mature leaf (Fig. 2a,b). In 
older leaves before visual onset of senescence 
ANAC053 started to be expressed in the whole 
lamina (Fig. 2c). In contrast to RPX, ANAC053 
is not expressed in the vascular tissue indicating 
that the homologous NAC proteins act in 
different tissues of the leaf. The expression of 
ANAC053 is probably related to ageing of the 
leaf as also demonstrated by the reported pattern 
of ANAC053 in the eFP browser (Fig. 2d).

Fig. 2. ANAC053 expression pattern. (a) A young 
leaf with GUS signal at the tip. (b) GUS signal around 
the leaf margin. (c) GUS signal is spread from the leaf 

margin to the center of the leaf. (d) Expression pattern of 
the ANAC053 gene as presented in the eFP browser. (e) 

ANAC053 promoter::GUS fusion construct.

Conclusion: Using a pANAC053::GUS 
reporter we found that expression starts at the 
leaf tip, followed by expression in the leaf margin 
and later in the leaf center. ANAC053, a NAC-
domain transcription factor, probably regulates 
leaf senescence.
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Abstract
This paper presents the development of a simulated workplace neutron field at the Institute for Nuclear Science and 
Technology (a branch of the Vietnam Atomic Energy Institute) by moderating the Am-Be source. Methylmethacrylate 
sphere with the diameter of 15 cm was used to moderate the Am-Be neutron source. Characterization of the simulated 
neutron field was then performed using a Bonner sphere spectrometer in combination with MAXED and FRUIT 
unfolding codes. The discrepancies of the field related quantities such as neuron fluence rates and the neutron ambient 
dose equivalent rate, H*(10), satisfy the standard uncertainty criteria as recommended by ISO 12789 series. Further 
development and characterization of the various simulated neutron fields are being conducted for supporting research and 
application activities. 

Keywords: neutron fluence rate, Am-Be source, simulated workplace neutron field.

Tóm tắt
Bài báo mô tả việc nghiên cứu, phát triển trường chuẩn liều neutron mô phỏng thực tế bằng cách nhiệt hóa nguồn Am-Be 
tại Viện Khoa học và Kỹ thuật Hạt nhân, Viện Năng lượng Nguyên tử Việt Nam. Quả cầu Methylmethacrylate với đường 
kính 15 cm được sử dụng để nhiệt hóa nguồn Am-Be. Việc xác định đặc trưng trường chuẩn liều neutron này được thực 
hiện thông qua việc sử dụng kết hợp giữa hệ phổ kế cầu Bonner với các chương trình tách phổ MAXED và FRUIT. Sự 
sai khác giữa các kết quả liên quan đến trường chuẩn như thông lượng neutron trên toàn phổ, tương đương liều neutron 
môi trường, H*(10), thỏa mãn các điều kiện sai số chuẩn theo khuyến cáo của tiêu chuẩn ISO 12789. Việc nghiên cứu, 
phát triển các trường chuẩn liều neutron mô phỏng thực tế sẽ tiếp tục được thực hiện nhằm hỗ trợ các hoạt động nghiên 
cứu và ứng dụng liên quan.  

Từ khóa: Suất thông lượng neutron, nguồn Am-Be, trường chuẩn mô phỏng.
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1. Introduction 
In recent years, the increasing usage of radiation 

and neutron sources for researches and industrial 
applications demands neutron calibration fields 
for calibrating neutron measuring devices for 
the purpose of radiation protection. Recently, 
the Institute for Nuclear Science and Technology 
(INST), a sub-institute of the Vietnam Atomic 
Energy Institute, possesses the unique secondary 
standard dosimetry laboratory (SSDL) in Vietnam 
in ionizing radiation dosimetry and calibration 
which is a member in the IAEA/WHO SSDL 
network [1][2]. 

The total neutron spectrum of a neutron 
source measured by the devices consists of two 
components: a direct component of neutrons 
coming to the devices directly from the source 
and a scattered component coming to the devices 
after interactions with surrounding objects 
such as the air and concrete walls. Accurate 
measurement of radiation dose rate is of high 
importance for safety assessment and radiation 
worker protection. Although it is still a challenge 
to measure personal neutron dose equivalent, 
many attempts have been done to standardize 
neutron reference fields in dealing with source 
production, field characterization and calibration 
of neutron measuring devices. The spectra of 
common neutron sources such as 252Cf and 
241Am–Be extend in the energy range of 10-7 
MeV to 20 MeV [3][4]. However, the neutron 
spectra encountered in workplaces may extend in 
a wider energy range from 10-9 MeV to 20 MeV. 
Moreover, the neutron ambient dose equivalent 
rates, H*(10), measured by neutron dosemeters 
are significantly dependent on the incident 
neutron spectra. Thus, the calibration of neutron 
measuring devices to be used at workplaces with 
the ISO 8529 series reference neutron fields 
could be less meaningful [5][6][7]. Therefore, 
the simulated workplace neutron fields should be 
created in order to be able to calibrate neutron 

dosemeters with neutron spectra similar to those 
appearing at real workplaces. Several simulated 
workplace neutron fields have been created 
successfully [8][9][10][11][12].

To verify the reliability of a neutron dosemeter 
operation in the determination of H*(10) at a 
workplace neutron field, two approaches are 
commonly used. The first one is to measure 
the workplace neutron spectrum, which is then 
accompanied with the response function of the 
neutron dosemeter to derive the meter’s H*(10) 
value which is  after that compared with the 
reference H*(10) value of the field. This approach 
is applicable once the intrinsic response function 
of the neutron dosemeter is available. The second 
approach is to create a simulated neutron field in 
the laboratory with the neutron spectra similar 
to that at the workplaces to calibrate the neutron 
measuring devices to be used in the equivalent 
workplaces [6][7].

In this paper, the development of a simulated 
workplace neutron field using the 241Am-Be 
source moderated by a methylmethacrylate 
(PMMA) sphere is presented. Characterization 
of the simulated neutron field has been conducted 
using the Bonner sphere spectrometer in the 
combination with MAXED and FRUIT unfolding 
codes [13][14][15].

2. Calibration room, neutron source and 
instruments  

The calibration room has the inner dimensions 
of 700 cm × 700 cm × 700 cm. An aluminum mid-
floor, consisting of intermittent parallelepiped 
bars, with the thickness of about 0.2 cm is installed 
at the height of 230 cm from the floor base for 
the detector installation process. This aluminum 
mid-floor does not affect the scattering of neutron 
much due to its low neutron scattering cross 
section. In constructing the calibration room and 
manufacturing the experimental facilities, we 
followed the international standard guided in the 
PNNL-15870 Rev. 1 report of Pacific Northwest 

Trần Hoài Nam và các cộng sự / Tạp chí Khoa học và Công nghệ Đại học Duy Tân 06(37) (2019) 73-79



75

National Laboratory [16]. The source is located 
at the center of the calibration room (120 cm 
higher than the aluminum mid-floor) so that 
the cylindrical symmetric axis is perpendicular 
to the floor. A radionuclide neutron 241Am–Be 
source supplied by Hopewell Designs, Inc., USA 
was installed in a container at the center of the 
base floor. The initial source strength on January 
23, 2015 is 1.299 × 107 s−1 with the expanded 
uncertainty of 2.9% (k = 2). When performing the 
calibration, the neutron source is pumped up to 
the center of the calibration room by a pneumatic 
system through a cylindrical aluminum pipe 
which has the wall thickness of 0.5 cm. Fig. 1 
displays the neutron calibration room with the 
experimental arrangement.

The BSS system consists of a thermal 
neutron sensitive detector of 6LiI(Eu) and a set 

of polyethylene moderator spheres with the 
diameters of 2, 3, 5, 8, 10, and 12 inches as 
shown in Fig. 2. The neutrons are detected by the 
6LiI(Eu) detector via the reaction 6Li(n,α)3H (Q = 
4.78 MeV). The configuration of the BSS system 
allows detecting neutrons from thermal energy up 
to 20 MeV and basically not sensitive to photons 
by applying a suitable discrimination level [2]
[17]. In previous work, the characterization of 
the neutron field with the standard bare Am–Be 
source using the BSS system was described at the 
laboratory [2].

In this paper, the characterization of the 
simulated workplace neutron field in terms 
of total spectral neutron fluence rate and total 
neutron H*(10) was presented. More details of 
the characterization process can be found in the 
previous works [1][2].

Fig. 1 Neutron calibration room

Fig. 2 Bonner sphere spectrometer system
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3. Results and discussion 

3.1 Neutron fluence rate spectra
Fig. 3 depicts the neutron fluence rate spectra 

due to the total fields moderated by the PMMA 
sphere as a function of the distances from the 
source. At low energy region, the thermal neutron 
peaks of the spectra appeared as the results of 
the thermalization process. At further distances, 
the high neutron energy peaks decreased rapidly 
due to the inverse square-distance law while 
the thermal neutron peaks are nearly constant 
caused by scattered component. Comparing the 
neutron fluence rate spectra obtained from the 
unfolding processes using MAXED and FRUIT 
codes, good agreements can be seen in Fig. 3. It 
is slightly different in the overall region of the 
spectra from thermal to fast energies. However, 
the integral neutron fluence rates and H*(10) of 
the total component, calculated from the neutron 
fluence rate spectra are expected to be in good 
agreements.

3.2 Neutron fluence rate and H*(10) rate
The integral neutron fluence rates were 

calculated based on the neutron fluence rate spectra 
obtained from the unfolding process. The values 
of integral neutron fluence rates at the distances of 
80 cm and 100 cm are about 164 and 115 cm-2.s-1, 
respectively, with the use of the 15 cm-diameter 
PMMA moderated sphere. The neutron fluence 
rate at the distance of 250 cm decreases by factors 
of 4.04, 2.85 compared to that at 80 cm and 100 cm, 
respectively. This discrepancy obtained from the 
MAXED and FRUIT codes is less than 8%, which 
is satisfied with the ISO 12789-1 recommendation 
on the standard uncertainty of the integral neutron 
fluence rate [3]. 

Since neutron fluence dose equivalent rate, 
H*(10), is an important quantity to radiation 
safety assessment, the evaluation of H*(10) in 
the comparison between the two unfolding codes 
is necessary to qualify the field characterization. 
Fig. 4 depicts the total H*(10) rates as functions 
of the distances from the source calculated based 
on the neutron fluence rate spectra obtained from 
the two codes. The values of H*(10) are about 
160 and 107 µSv/h at the distances of 80 and 100 
cm from the source, respectively, with the 15 cm-
diameter PMMA moderated sphere. Comparing 
the H*(10) rates obtained from the two codes, the 
discrepancy is less than 6%.

3.3 Fluence-to-dose equivalent conversion 
coefficients

Fig. 5 shows the values of fluence-to-dose 
equivalent conversion coefficients, hΦ, obtained 
from the MAXED and FRUIT codes. One can 
see that the values of hΦ vary in the range of 145-
281 pSv.cm2 obtained from MAXED code. The 
hΦ decreases by a factor of 1.5 at the distance 
of 250 cm compared to that at 80 cm with the 
PMMA moderated sphere of 15 cm in diameter 
(result obtained from MAXED). Fig. 5 also 
depicts the ratio of hΦ obtained from the MAXED 
and FRUIT codes, which varies in the range of 
0.97-1.12. This means that the discrepancy of the 
conversion coefficients obtained from the two 
codes is about 12%. One can see the trend that 
the hΦ values obtained from the MAXED code 
are greater than that obtained from the FRUIT 
code. The discrepancy, however, satisfies the 
ISO 12789-2 recommendation on the standard 
uncertainty of the conversion coefficient of 15% 
for the characterization using the BSS system [7]. 
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Fig. 3  Neutron fluence spectra at different distance from the moderated Am-Be source.

Fig. 4 Neutron fluence dose equivalent rate as a function of distance from the source.
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Fig. 5 Fluence-to-dose equivalent conversion coefficients

4. Conclusions
A simulated workplace neutron field of the 

Am-Be source moderated by the PMMA sphere 
has been developed and characterized using the 
BSS system in combination with MAXED and 
FRUIT unfolding codes. Neutron fluence rate 
spectra and the field related quantities were 
also calculated. The average neutron fluence-to-
ambient dose equivalent conversion coefficients, 
hΦ, is within 145-281 pSv.cm2 in the distance 
range of 80 cm to 250 cm far from the source. 
Comparing the results obtained from the two 
codes, the discrepancies of the neutron fluence 
rates and the H*(10) are less than 8% and 6%, 
respectively. The value of hΦ was obtained 
with the discrepancies of less than 12%. The 
discrepancies of the field related quantities satisfy 
the standard uncertainty criteria as recommended 
by ISO 12789 series.
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Abstract
Gamma spectrometry utilizing a HPGe detector is widely used for the analysis of low concentrations of radionuclides 
in samples. The accurate efficiencies are always required to determine the activity of radioactive sources. However, the 
information provided by manufacturers for detector models is insufficient to calculate the efficiencies, value and leads 
to strong discrepancies between simulated and experimental efficiencies, especially for low photon energies. For this 
purpose, the detailed model was developed to calculate the total and full energy peak efficiency of a p-type coaxial HPGe 
detector using GEANT4 toolkit. In the simulation, aqueous gamma sources containing several radionuclides were used, 
covering the energy range from 59.50 to 1836.01 keV. In the case of extended sources, the coincidence summing correction 
factors for 60Co and 88Y were calculated from the total efficiencies obtained by GEANT4. Based on the modified model 
of the detector including the summing effect, the simulated efficiencies of full energy peak agreed with the experimental 
values within 3%, except for the high energy range which is less than 4 %, between 122 and 1836 keV for the small 
extended sample. 
Keywords: GEANT4, HPGe, Full energy peak efficiency, Coincidence summing, Cylindrical sources.

Tóm tắt
Hệ phổ kế gamma sử dụng đầu dò siêu tinh khiết HPGe đã được ứng dụng rộng rãi trong phân tích các mẫu phóng xạ hoạt 
độ thấp. Đường chuẩn hiệu suất luôn đòi hỏi sự chính xác trong việc xác định hoạt độ. Tuy nhiên, những thông tin về đầu 
dò được cung cấp bởi nhà sản xuất dùng cho việc mô phỏng để tính hiệu suất là không đầy đủ, dẫn tới sự sai khác lớn giữa 
kết quả hiệu suất thu được từ tính toán và thực nghiệm. Mô hình chi tiết về đầu dò siêu tinh khiết cho việc tính toán hiệu 
suất đỉnh năng lượng toàn phần sử dụng chương trình GEANT4 đã được phát triển trong nghiên cứu này. Nguồn dung 
dịch chuẩn dùng trong mô phỏng có dải năng lượng từ 59,50 tới 1836,01 keV. Đối với các nguồn thể tích, hệ số hiệu chỉnh 
tổng trùng phùng cho 60Co và 88Y được tính dựa trên hiệu suất tổng thu được bằng mô phỏng GEANT4. Với việc tinh 
chỉnh lại mô hình bao gồm cả hiệu ứng tổng trùng phùng, sai khác giữa hiệu suất tính toán của đỉnh năng lượng toàn phần 
và thực nghiệm trong khoảng 3%, riêng đối với khoảng năng lượng từ 122 đến 1836 keV là 4% cho nguồn thể tích nhỏ. 
Từ khóa: GEANT4, đầu dò HPGe, hiệu suất đỉnh năng lượng toàn phần, hiệu ứng tổng trùng phùng, nguồn trụ.
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1. Introduction
High-resolution gamma-ray spectroscopy 

with a High Purity Germanium (HPGe) detector 
is often utilized for the non-destructive assay of 
radioactive materials. It has many applications, 
which include food testing, neutron activation 
analysis [1, 2], fundamental physics research [3, 
4] and environmental analysis [5, 6]. To determine 
the activity of each radionuclide, it is necessary to 
calculate the full energy peak efficiency ( calε ) at the 
energy of γ-ray emissions for a given measuring 
geometry. It is difficult to achieve the accurate 
efficiency of HPGe detectors due to the two 
major factors, the intrinsic characteristics of the 
detector (geometry, active volume, dead layer, 
and end cap thicknesses) and extended source 
dimension. Besides, in many cases, the efficiency 
calibration curve would require a large amount 
of counting time and sample preparation. Some 
theoretical approaches required approximations 
and simplifications in source-detector geometric 
calculations. For these reasons, Monte Carlo (MC) 
methods were adopted. The importance of such 
MC methods is that they enable one to quickly 
calculate a new efficiency value for changes in 
the measured conditions. Several studies in the 
response of the HPGe detector efficiency curve 
with MC methods were published. Most of the 
studies obtained agreement between simulated and 
experimental efficiency curves with discrepancy 
equal to 10% [7-9], and in recent years some 
studies used optimized detector parameters in 
simulation and obtained good agreement with 
experimental results to about less than 3% [10-
13], except for the low energy range.

The major problem in the calibration of the 
simulation efficiency curve is the lack of accurate 
data regarding the details of the detector geometry 
which are usually not well known [14-16]. To 
achieve good accuracy in the simulated result, 
an accurate detector model should be developed. 
In addition, when the source is positioned close 

to the detector, a coincidence summing effect 
arises in those nuclides which emit cascade 
γ-rays. Many authors observed some strong 
deviation from experimental results without 
including the effect of coincidence summing in 
the simulation [17, 18]. For correction of such 
effect, the total efficiency ( Tcalε ) is also required 
with the full energy peak efficiency. Debertin 
and Schotzig [19] used the ratio of the total 
number of pulses recorded to the number of 
photons emitted by the source (total efficiency) 
and calculated coincidence summing correction 
factor (SCF) in measurements. Abbas and Nafee 
[20, 21] used the analytical approach to calculate 
SCF with total efficiency. Most of the authors 
used total efficiencies in the simulation for the 
calculation of SCF [22-25]. In the case of a point 
source or small extended sample, the variation 
of the efficiency over the sample volume can be 
neglected for the calculation of SCF [26].

A sensitivity analysis of the active volume of 
detector, effective thicknesses of a dead layer 
and end cap was performed by varying the value 
of each parameter in the detector model. Low 
energy γ-rays are more sensitive to errors in these 
detectors’ parameters. However, photons in this 
energy range are very interested in environmental 
studies. In this study, GEANT4 electromagnetic 
standard physics (G4EMStandardPhysics) class 
was used and developed a detector model to 
simulate the full energy peak and total efficiencies 
of a p-type coaxial HPGe detector. The simplest 
and modest method was used in the GEANT4 
toolkit to calculate the coincidence summing 
correction factor (SCFcal) with the above-
mentioned approach. After the adjustment of the 
active volume, the thicknesses of germanium 
dead layer and end-cap in the simulated model 
of detector including the summing effect, a 
minimum average discrepancy was obtained 
with the experimental results reported by Abbas 
et al. [27] for the small extended sample.
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2. Monte Carlo Simulation
The simulations have been carried out using 

the GEANT4 Monte Carlo toolkit developed 
at CERN (version 10.5). The GEANT4 toolkit 
includes simulation of the electromagnetic 
interaction of charged particle, gamma, and 
optical photons. The code follows the history of 
each primary photon until its energy dissipated in 
the detector and produces secondary particles as a 
result of photoelectric and Compton effects, pair 
production, multiple scattering, bremsstrahlung, 
and ionization. The secondary electrons formed 
by photon interaction processes were also 
taken into consideration in the simulation. 
G4EMStandardPhysics class was applied for low-
level γ-ray spectrometry in this simulation since 
the energy limit of the electromagnetic process is 
10 keV to 100 TeV. Therefore, Ge X-rays of energy 
below 10 keV cannot be processed. GEANT4 
also includes low-level electromagnetic processes 
that can simulate a particle down to 250 eV. The 
number of total histories (108 primary photons) 
was considered for the simulation to obtain a 
statistical uncertainty of no more than 0.1%.

Only the γ-rays, which deposit their full 
energy in the active volume of the detector, were 
considered in the evaluation of full energy peak 
efficiency. The simulations of full energy peak 
efficiencies are obtained from Eq. 1:

  
cal

C
N

ε =     (1)
Where, calε  is the full energy peak efficiency. 

C is the number of counts that deposit their full 
energy in the active detector volume. N is the 
number of total simulated γ-rays counts for a 
given energy, E.

The calculated coincidence summing 
correction factors are defined as Eq. 2:
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Where, a
calSCF  and b

calSCF  are the calculated 
coincidence summing correction factors. a

Tcalε  
and b

Tcalε  are the simulated total efficiencies of 
1173 and 1332 keV, respectively. It is similarly 
applied for 88Y.

The true simulated full energy peak efficiency 
is obtained from Eq. 3:

 
*
cal cal

C SCF
N

ε =     (3)

The detector considered for GEANT4 simulation 
was a p-type coaxial HPGe detector (Canberra) 
with a crystal length of 89.7 mm and radius of 34.95 
mm. There is no information about the diameter and 
length of the cavity as well as the thickness of the 
germanium dead layer. The active volume was also 
unknown. The detector has an aluminum end-cap 
window of 1 mm in nominal thickness, placed at a 
distance of 4 mm from the crystal. No information 
was available by the manufacturer about whether 
the Ge crystals had rounded edges. Sharp edges 
of the crystals were assumed in the simulation. A 
cylindrical beaker source of radius (34.8 mm) filled 
with gamma radionuclides aqueous solution of 10 
ml in volume was used to obtain the calε values. 
The multi-source used for measurements was a 
calibration gamma mixed solution, which contains 
241Am, 109Ce, 85Sr, 57Co, 60Co, 109Cd, 88Y, 203Hg, 
113Sn and 137Cs, covering a wide energy range from 
50 keV to 2 MeV. The cylindrical beaker source 
was placed in contact with the detector end-cap 
window. The coincidence summing effect on calε
calibration was considered when simulations were 
performed. The coincidence correction factors of 
radionuclides 60Co and 88Y were taken into account 
in experimental full energy peak efficiency ( expε ) 
result. A commercial program, GENIE 2000, has 
been used to acquire and analyze spectra for each 
measurement.

3. Results and Discussion
First simulation analysis was performed to 

evaluate the influence of the active volume on the 
detector efficiency with 10 ml source volume. Five 
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values as 79171.33, 52369.54, 31082.86, 18960.18, 
and 5873.68 mm3 of different active volume were 
considered for this simulation with the length and 
diameter of detector provided by the manufacturer. 
The dead layer and end-cap materials were not 
included first. Table 1 shows that each detective 
active volume of the simulated efficiency ( calε ) is 
strongly dependent on high energy range. When 
the active volume was decreased, calε decreased 
for all energies except for the low energy range (59 
to 122 keV), the efficiency remained the same. In 
addition, for the energy range (165 and 279 keV) 

calε slightly decreased when the active volume 
was reduced. However, it reduced more strongly 
at high photon energy range. A good agreement 
with experimental efficiency ( expε ) value can be 
expected when reducing the active volume of the 
detector. The reduction of the active volume has a 
greater influence on the high energies of photon. 
For the energy range (898 to 1836 keV), the best 
agreement with the expε  value was achieved for 

the active volume of (18960.18 mm3), but calε
value significantly decreases with the reducing of 
active volume.

The dead layer in germanium crystals is not 
useful for the detection of the counting rate, but 
strongly depends on the efficiency of the detector. 
From the reduction of the active volume, only the 
high energy photon efficiency agreed well with 
the experimental one, but large discrepancies were 
obtained at low energy range. The thickness of the 
dead layer has a large influence on the detector 
efficiency, especially for low energy range, where 
the photons with low energies are increasingly 
absorbed. For this purpose, the simulation 
was performed to observe the influence of the 
germanium dead layer on efficiency values and 
adjust the thickness of the dead layer to obtain 
the correct calε values. Different dead layers were 
modeled by varying the thickness of the dead 
layer while maintaining the active volume value 
of 18960.18 mm3.

Table 1. Full energy peak efficiency values for different Ge active volumes

Energy (keV) expε
calε

Active volume (mm3)
79171.33 52369.54 31082.86 18960.18 5873.68

59.5 0.03627 0.4155 0.4155 0.4155 0.4155 0.41552
88.02 0.1088 0.2051 0.2051 0.2051 0.20504 0.20454
122.06 0.11573 0.18643 0.18643 0.18638 0.18606 0.18508
165.85 0.11307 0.16048 0.16039 0.16019 0.1598 0.15772
279.19 0.0896 0.1066 0.10616 0.10531 0.10376 0.09945
391.69 0.0672 0.08232 0.08195 0.08053 0.07926 0.0726
513.99 0.05547 0.0665 0.06589 0.06401 0.06288 0.05569
661.66 0.04373 0.05367 0.05331 0.05271 0.05134 0.04495
898.02 0.03413 0.04791 0.04757 0.04673 0.03453 0.02351
1173.24 0.0266 0.0367 0.03664 0.035 0.0266 0.01823
1332.5 0.02453 0.03315 0.03272 0.03172 0.02461 0.0146
1836.01 0.0208 0.02635 0.02609 0.02428 0.02075 0.01431

Five values (0.5, 0.6, 0.7, 0.75, and 0.8 mm) of 
the thickness of the dead layer considered for the 
small extended source volume are shown in Table 
2. First, the efficiency value for the low photon 
energy ranging from 59 to 661 keV was evaluated; 

a good agreement with the experimental result 
was obtained for the dead layer thickness of 0.75 
mm. Although at this value, the calε values did not 
agree with the experimental one for the energy 
range (898 to 1836 keV). However, for the dead 
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layer thickness of 0.6 mm, the calε values were 
much closer to the experimental one. Therefore, 
only the dead layer thickness of value 0.6 mm 
was considered for further simulation. 

Additional analysis was performed on 
aluminum end cap thickness. For high energy 
range, a good agreement with the experimental 
efficiency was obtained using the combination 
of the active volume of 18960.18 mm3 and 
germanium dead layer thickness of 0.6 mm. 
In terms of low energy range, the calε values 
deviated from the experimental results. 
Regarding the effect of aluminum material 

surrounding the detector, there is a probability 
of the attenuation of low energy photon in 
this region. In our model, the radiation enters 
only through the upper face of the crystal 
and therefore, the sidewall thickness has no 
influence on calε value. To simulate this effect, 
the detector was modeled with five end cap 
thicknesses (0.2, 0.3, 0.4, 0.5, and 0.6 mm), 
but for a single dead layer thickness value (0.6 
mm) and active volume (18960.18 mm3). As 
shown in Table 3, at low photon energy, the best 
agreement between simulation and experiment 
was an optimized end cap thickness of 0.5 mm. 

Table 2. Full energy peak efficiency values for different Ge dead layer thicknesses

Energy (keV) expε
calε

Dead layer thickness (mm)
0.5 0.6 0.7 0.75 0.8

59.5 0.03627 0.05215 0.0395 0.03806 0.03671 0.0309
88.02 0.1088 0.1391 0.13067 0.12522 0.1082 0.09751
122.06 0.11573 0.14413 0.13728 0.13029 0.12097 0.10831
165.85 0.11307 0.13633 0.13192 0.12824 0.12076 0.10704
279.19 0.0896 0.09616 0.09468 0.09303 0.09012 0.08893
391.69 0.0672 0.07479 0.07317 0.07235 0.06802 0.06124
513.99 0.05547 0.06039 0.06003 0.05908 0.05601 0.05417
661.66 0.04373 0.04954 0.04808 0.04663 0.04498 0.04296
898.02 0.03413 0.0325 0.03203 0.0315 0.0312 0.03086
1173.24 0.0266 0.02496 0.02467 0.02426 0.02381 0.02332
1332.5 0.02453 0.02291 0.0225 0.02224 0.0218 0.02154
1836.01 0.0208 0.0192 0.01892 0.01876 0.01849 0.01817

Table 3. Comparison of experimental and simulated full energy peak efficiency values 
for different aluminum end cap thicknesses

Energy (keV)
expε calε

End-cap thickness (mm)
0.2 0.3 0.4 0.5 0.6

59.5 0.03627 0.03851 0.03794 0.03693 0.03634 0.03547
88.02 0.1088 0.11395 0.11216 0.11005 0.10956 0.10546
122.06 0.11573 0.13404 0.13333 0.13239 0.118 0.11751
165.85 0.11307 0.12898 0.12424 0.1206 0.115 0.11488
279.19 0.0896 0.09297 0.09219 0.09117 0.0899 0.0891
391.69 0.0672 0.07224 0.07098 0.06917 0.0678 0.06627
513.99 0.05547 0.05872 0.05854 0.05784 0.0557 0.05513
661.66 0.04373 0.04785 0.0473 0.04698 0.0443 0.04357
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898.02 0.03413 0.03198 0.03165 0.03121 0.0308 0.03002
1173.24 0.0266 0.02465 0.02431 0.02407 0.0238 0.02306
1332.5 0.02453 0.02251 0.02239 0.02221 0.0219 0.02158
1836.01 0.0208 0.01899 0.01881 0.01877 0.01857 0.018

For the energy range from 59 to 661 keV, a good 
agreement was achieved with a modified detector 
model. However, for the high energy range from 
898 to 1836 keV, minimum discrepancies were 
obtained due to the non-inclusion of SCF in calε  
values. In the case of extended sources, the Tcalε
needs to be taken into account to find SCFcal for 60 

Co and 88Y. Table 4 shows the Tcalε  values obtained 
by GEANT4 for the small extended sample. 

Table 4. Simulated full energy peak and total 
efficiencies for the small extended sample

Energy (keV) calε Tcalε
59.5 0.03634 0.03911
88.02 0.10956 0.11337
122.06 0.118 0.16226
165.85 0.115 0.15926
279.19 0.0899 0.15748
391.69 0.0678 0.14768
513.99 0.0557 0.14216
661.66 0.0443 0.13556
898.02 0.0308 0.13086
1173.24 0.0238 0.1218
1332.5 0.0219 0.12072
1836.01 0.01857 0.11247

The εTcal values obtained by our simulation 
approach are simple and precise to be used 
to calculate the SCF. The values of the γ-ray 
emission probability (P) and the correction 
factor for 60 88 Co and Y are shown in Table 5 
and 6. The SCFcal is independent of the detector 
count rate, but it is strongly dependent on the full 
energy peak and total efficiency. By comparison, 

there is an inverse relationship between Tcalε  and 
SCFcal values for nuclides 60Co and 88Y. 

Table 5. Multi gamma ray nuclides 
with emission probability.

Radionuclides Energy (keV) P (%)
60Co 1173.24 99.90

1332.50 99.98
88Y 898.00 93.70

1836.01 99.35

Table 6. Calculated coincidence summing 
correction factors for 60Co and 88Y

Radionuclides Energy (keV) SCFcal
60Co 1173.24 1.137

1332.50 1.138
88Y 898.00 1.126

1836.01 1.140

The true full energy peak efficiency ( *
calε ) 

values were obtained by applying the SCFcal in 
the simulation for nuclides 60Co and 88Y. Table 7 
shows a good agreement with the experimental 
results, with discrepancies less than 3 % for the 
small extended sample. 

Figure 1 shows the comparison between the 
calε  curves with the modified model of detector, 

including SCFcal and the experimental ones for 
all energy peaks included in the calibration. The 
average relative deviation between the simulated 
and the experimental efficiency values is less than 
3 % for the entire energy range. The modified 
detector model and its parameters are shown in 
Fig. 2.

Table 7. Comparison of experimental and simulated full energy peak efficiency values with SCF

Radionuclides Energy (keV) expε calε *
calε

60Co 1173.24 0.02660 0.02380 0.02700
1332.50 0.02453 0.02190 0.02492
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88Y 898.00 0.03413 0.03080 0.03468
1836.01 0.02080 0.01850 0.02109

Fig. 1. Comparison of experimental and simulated 
(with modified detector model including the CSFcal) 

full energy peak efficiency curve.

Fig. 2 Schematic of the detector. Modified detector 
parameters are cavity length (l), cavity radius (r), 

dead layer thickness (t), and end cap thickness (T).

4. Conclusions
In order to determine the active volume, dead 

layer, and end cap thicknesses, GEANT4 toolkit-
based simulation was performed to simulate 
the collaboration of the coaxial HPGe detector 
efficiencies for the small extended sample. 
An accurate simulated detector model was 
developed to obtain minimum discrepancies with 
experimental results. For the high energy photon, 
the non-inclusion of coincidence summing 
correction factors produces some discrepancies 
in full energy peak efficiency results. A new 

method was used in GEANT4 to calculate the 
coincidence summing correction factors from 
total efficiencies and obtained accurate simulated 
results; the average discrepancies between the 
experimental and simulated efficiencies were 
found at 3 %. The proposed simulated method 
avoids the preparation of a great variety of 
radioactive samples with several isotopes and 
has advantages of saving time, assets and effort.
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Abstract
In this work, vibration modes in Eu3+ activated in Sr2Al2SiO7 phosphor were studied by a combination analysis of Raman 
and phonon sideband spectra. The sample was successfully synthesized by solid state reaction, and its single-phase was 
further confirmed by X-ray diffraction. Raman spectroscopy of the structure of Sr2Al2SiO7 showed some intense vibration 
modes located in 100-2000 cm-1 region that could be attributed to Si-O-Si network. In addition, phonon sideband analysis 
from photoluminescence excitation spectra displayed four phonon vibrations, in which some of vibrations  coincide with 
to the result of Raman spectra. 

Keywords: Aluminum silicate, europium, phonon sideband, Raman spectroscopy.

Tóm tắt
Trong nghiên cứu này, các dao động trong vật liệu Sr2Al2SiO7 pha tạp Eu3+ được nghiên cứu bằng phổ tán xạ Raman kết 
hợp với phổ phonon sideband. Vật liệu được chế tạo thành công bằng phương pháp phản ứng pha rắn, pha cấu trúc của 
vật liệu được xác định bằng phép đo nhiễu xạ tia X. Phổ tán xạ Raman của Sr2Al2SiO7 cho thấy các dao động mạnh trong 
vùng 100-2000 cm-1 đặc trưng cho các liên kết Si-O-Si trong mạng tinh thể.
Bên cạnh đó, kết quả phân tích phổ phonon sideband của Eu3+ từ phổ kích thích phát quang của vật liệu cho thấy tồn tại 
bốn dải dao động phonon, trong đó một số dao động là phù hợp với kết quả quan sát được từ phổ tán xạ Raman.       

Từ khóa: Aluminum silicate, europium, phonon sideband, phổ Raman.

1. Introduction
Rare earth (RE) ions doped strontium 

aluminum silicate (SAS) phosphors have been 
studied in terms of luminescent properties as well 
as structural characteristics in recent years. Some 
results on SAS system  were obtained such as Eu2+ 

ion doped Sr2Al2SiO7 material obtaining a green 
emission which had been studied by Fa-Chun Lu 
in 2014 [1]. This study showed that dipole-dipole 
interaction dominates the non-radiation energy 
transfer between the Eu2+ luminescent centers in 
this material. Several studies have combined Eu2+ 
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ion with other RE3+ ions, e.g. Dy3+, Ce3+, Tm3+co-
doped into this lattice to investigate the long 
persistent luminescence, white light emission, and 
thermoluminescence property [2-4]. Besides that, 
energy transfer between Ce3+ and Dy3+ ions as well 
as the concentration quenching of Ce3+ in Sr2Al2SiO7 
had been investigated and reported in 2016 [5, 
6]. The luminescence and thermoluminescence 
properties of Sr2Al2SiO7:Eu3+ have also been 
studied [7, 8]. The fabrication methods such as 
sol-gel processes, combustion method and solid 
state reaction for Sr2Al2SiO7 phosphor have 
been reported in many papers [6, 9, 10]. Other 
studies on the controllable photoluminescence of 
Sr2Al2SiO7/SrAl2Si2O8:Eu3+ or the thermal stable 
of Sr2Al2SiO7:Pr3+ compounds have also been 
published [11, 12]. However, there has been no 
literature until now presenting the information 
of the vibration energy in Sr2Al2SiO7:Eu3+ (0.5 
mol%) material from phonon sideband (PSB) 
or Raman spectra. Therefore, the target of this 
study is to synthesize the Sr2Al2SiO7:Eu3+and 
measure the Raman and phonon sideband spectra 
to determine the vibrations occurring in the 
Sr2Al2SiO7:Eu3+phosphor.   

2. Experiment
The sample Sr2Al2SiO7:Eu3+ (0.5 mol%) was 

fabricated by solid-state reaction method at high 
temperature. Firstly, the raw materials, SrCO3 
(AR), Al2O3 (AR), SiO2 (Korea) and Eu2O3 
(Merck) were weighed according to the nominal 
composition, mixed homogeneously and milled 
thoroughly using an agate pestle and mortar to 
achieve a uniform mixture. A small amount of 
B2O3 was added during mixing process to serve 
as a flux to promote the formation of crystal 
structure. After that, this mixture was ground and 
calcined at 1250°C for 2 hours  in air. The obtained 
product was finally ground into powder to 
analyze phase compositions, photoluminescence 
property, and Raman spectra.

Structural characteristics of the prepared 
sample were investigated by X-ray diffraction 
(XRD) patterns and Raman scattering using 
X-ray diffractometer D8-Advance (Bruker, 
Germany) and Xplora plus (Horiba Jobin-
Yvon), respectively. Photoluminescence (PL) 
and Photoluminescence excitation (PLE) spectra 
were taken out by a spectrophotometer (FL3-
22, Horiba Jobin-Yvon) at room temperature. 
Phonon sideband spectrum of the 7F0-

5D2 
transition was also analyzed from PLE spectra 
of Eu3+ ion.

3.  Results and discussion
The phase purity of Sr2Al2SiO7:Eu3+ was 

figured out by X-ray diffraction (XRD) using Cu 
K-alpha (0.154 nm) radiation. Figure 1 presents 
the XRD pattern of the prepared sample, showing 
a good match with the Sr2Al2SiO7 standard 
PDF card of 75-1234. No impure phases were 
found indicating the single phase Eu3+ activated 
Sr2Al2SiO7 phosphor has been synthesized. 

Figure 2 shows the Raman scattering spectra 
of Sr2Al2SiO7:Eu3+ using laser 532 nm. The 
structure of strontium alumino-silicate material 
consists of silicate and aluminate network. The 
Raman bands locating in 300-500 cm-1 region 
are attributed to mixed stretching and bending 
modes of Si-O-Si units [13, 14]. The bands 
centered at 565 cm-1 and 602 cm-1 are assigned 
to the bending vibrations of the bridging 
oxygen bonds of SiO and Si-O-Si bending 
vibration, respectively [15-17]. The vibration 
energies at 780 and 973 cm-1 are due to Si-O-
Si network and stretching vibration of silicon-
oxygen tetrahedral [15, 18] and vibration at 
1360 cm-1 is now unknown. All Raman peaks 
of the Sr2Al2SiO7:Eu3+ sample are summarized 
in Table 1. Besides the Raman spectra, some 
vibration modes can be found from phonon 
sideband spectra of the Sr2Al2SiO7:Eu3+ sample 
which is discussed in the next paragraph. 
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Figure 1. XRD pattern of Sr2Al2SiO7:Eu3+.

Figure 2. Raman spectrum of Sr2Al2SiO7:Eu3+.

Table 1. Assignment of Raman bands in the 
spectrum of strontium alumino-silicate phosphor.

Wavenumber 
(cm-1)

Raman assignments Reference

300-500 Mixed stretching and 
bending modes of Si-O-
SiO units

[13, 14]

565 Bending vibrations of 
the bridging oxygen 
bonds of SiO

[15] 

602 Si-O-Si bending 
vibration 

[16, 17]

780 Si-O-Si network, AlO4 
units with three BOs and 
one NBO

[15]

973 Stretching vibration 
of silicon-oxygen 
tetrahedral

[18]

The photoluminescence excitation spectrum of 
Sr2Al2SiO7:Eu3+ monitored the 5D0–

7F2 emission 
at 617 nm is shown in Figure 3. PLE spectrum 
includes an intense broadband in 240-300 nm 
region and several sharp peaks in 350-575 nm. 
Among them, the broadband is ascribed to the 
electric charge transfer due to the ligand-to-metal 
charge transfer states, O2-−Eu3+ [19, 20], meanwhile 
the sharp peaks are attributed by the excited 
transitions from ground sate 7F0 to excited state of 
Eu3+ ion in Sr2Al2SiO7 lattice. Two intense excited 
transitions of Eu3+ located at 392 and 462.5 nm are 
the 7F0-

5L6 and 7F0-
5D2 transitions, respectively. It 

is known that there is no any energy level between 
the excited 5D2 and 5D3 levels of Eu3+. Therefore, 
if any excitation peak locates between those two 
levels, then it is due to the phonon energy.

In order to further investigate the phonon energy 
of the sample, the understanding of vibration 
behaviors of lattice in immediate vicinity of rare 
earth ions is necessary with a help of a powerful 
tool like PSB spectrum [19, 20]. The 7F0–

5D2 is a 
pure-electric transition (PET) and the barycenter 
wave number of PET is as a reference for the 
zero-phonon line, which can be used to calculate 
the phonon energy from PLE spectrum. The PSB 
associated with the pure electronic transition 7F0–
5D2 at 462.5 nm of the prepared sample are shown 
in Fig. 4; and their phonon energies are listed in 
Table 2. The PSB spectrum consists of four bands 
centered at 423.5 nm, 433.5 nm, 441.5 nm and 446 
nm which are denoted by PSB1, PSB2, PSB3 and 
PSB4, respectively. The energy of PSB4 locating 
at 777 cm-1 is closed with the vibration energy of 
Si-O-Si network (780 cm-1) which is analyzed from 
Raman spectra. Meanwhile, the PSB3 with energy 
of 1005 cm-1 may be assigned to the stretching 
vibrations of Si-O−Al [17], and the PSB1 at 1967 
cm-1 is due to the stretching and bending vibration 
of O–H groups [21] . However, the PSB2 energy at 
1423 cm-1 has not been reported in any literature.
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Figure 3. PLE spectrum of Sr2Al2SiO7:Eu3+.

 
  

Figure 4. PSB spectrum of Sr2Al2SiO7:Eu3+.

Table 2. The energies of PET and PSBs of strontium alumino-silicate phosphor.

PET
(nm)

Peak
PSB1
(nm)

Peak
PSB2
(nm)

Peak
PSB3
(nm)

Peak
PSB4
(nm)

PSB1
(cm-1)

PSB2
(cm-1)

PSB3
(cm-1)

PSB4
(cm-1)

462.5 423.5 433.5 441.5 446 1967 1423 1005 777

The PL spectrum of Sr2Al2SiO7:Eu3+ sample 
excited by radiation of 392 nm at room temperature 
is presented in Figure 5. As can be seen, the 
emission of Eu3+ ion in 550-750 nm includes five 
sharp peaks which belong to the 5D0-

7FJ transitions 
(J = 0, 1, 2, 3, 4) of 4fn configure. Among these, 
the 5D0-

7F2 is an electric dipole transition, which is 
hypersensitive to the change of Eu3+- surroundings. 
Meanwhile, the 5D0-

7F1 is a magnetic dipole 
transition, which hardly varies with the evolution 
of Eu3+-surrounding. Hence, the intensity ratio (R) 
of 5D0-

7F2 transition to5D0-
7F1 can thus be used as 

a measure of coordination state and site symmetry 
of rare earth ions [22, 23]. The intensity ratio R is 
defined by the following equation: 

 
R =

5
I( D0

7
F )2

5
I( D0

7
F )1    

(1)

For Sr2Al2SiO7:Eu3+, the intensity ratio R 
was found to be around 2.26, a clear indicator 
implying that Eu3+ ions are not located on an 
inversion center [24].

Figure 5. PL spectra of Sr2Al2SiO7:Eu3+ sample.

4. Conclusion
A single phase Eu3+ activated Sr2Al2SiO7 

phosphor has been synthesized successfully by 
using solid state reaction method at 1250oC. The 
vibration modes assigned to Si-O-Si network, AlO4 
units in Sr2Al2SiO7:Eu3+ have been presented via 
Raman spectra. By analyzing on phonon sideband 
spectra, it was found that the Sr2Al2SiO7 phosphor 
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has vibrations that belong to Si-O-Si network, Si-
O-Al bonds and O-H groups. Further studies on 
luminescent property suggested that Eu3+ ions are 
not located on an inversion center.   
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Tóm tắt
Chúng tôi nghiên cứu sự đồng nhất hóa trong một tập các vật liệu tổng hợp phân lớp tuần hoàn gồm hai lớp cho mỗi khối,
trong một chiều, với thiết lập đàn hồi giới hạn biến dạng.

Từ khóa: Đồng nhất hóa, vật liệu tổng hợp phân lớp tuần hoàn, bài toán phi tuyến, sự đàn hồi giới hạn biến dạng.

Abstract
We study homogenization in a class of periodically layered composite materials consisting of two layers per base cell, in
dimension one, within the setting of strain-limiting elasticity.

Keywords: Homogenization, periodically layered composite materials, nonlinear problem, strain-limiting elasticity.

1. Introduction

Being a model reduction technique for han-
dling multiscale problems, homogenization in-
volves upscaling the media properties to rep-
resent macroscopic behaviors. Toward homoge-
nization study of our considering strain-limiting
models, we focus on a class of periodically lay-
ered composite materials consisting of two lay-
ers per base cell, in dimension one, as the sim-
plest case. (The elastic properties of such a lay-
ered material only change in one coordinate di-
rection.) The strain-limiting parameter here is

a function depending on the position variable,
which is different from the constant in [1, 2].

2. Formulation of the problem

2.1. Classical formulation
Let us consider, as in Figure 1 in the x-

direction, the spatially periodic 1D composite
rod consisting of alternating layers of nonlinear
elastic materials Ω(1) and Ω(2). The microscopic
size l corresponds to the length of a periodically
repeated base cell. The macroscopic size of the
whole sample Ω ⊂ R of the rod is denoted by
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Hình 1. Layered composite structure (from [3]).

L. Without loss of generality, we take l = ε (the
period of the structure) and choose L = 1 so that

ε =
l
L
=
ε

1
=

kε
k1
. (1)

Here,
x
ε

stands for the local position.
We assume that the rod is being at a static

state after the action of body forces (along the
rod) f : Ω → R and traction forces G : ∂ΩT →
R. The boundary of the set Ω is denoted by
∂Ω, which is Lipschitz continuous, consisting of
two parts ∂ΩT and ∂ΩD, where the displacement
u : Ω → R is given on ∂ΩD. We are considering
the strain-limiting model of the form (as in [1])

E =
σ

1 + β(x)|σ| . (2)

Equivalently,

σ =
E

1 − β(x)|E| . (3)

In the equations (2) and (3), β(x) will be in-
troduced in the next paragraph, σ denotes the
Cauchy stress σ : Ω → R; whereas, E denotes
the classical linearized strain tensor

E :=
1
2

(∇u + ∇uT) . (4)

In one-dimensional setting, it becomes

E := u′ , (5)

which is the spatial derivative of u. Thus, by (3),

σ =
u′

1 − β(x)|u′| . (6)

The strain-limiting parameter function is de-
noted by β(x), which depends on the position
variable x, and it is constant in each layer, with
βε(x) = β(ε−1x). We notice from (2) that

|E| = |σ|
1 + β(x)|σ| <

1
β(x)
. (7)

This means that
1
β(x)

is the upper-bound on |E|
and taking large enough β(x) raises the limiting-
strain small upper-bound, as wishing. Neverthe-
less, we avoid too large β(x). If β(x) → ∞ then

|E| < 1
β(x)

→ 0, a contradiction. Moreover, β(x)

is assumed to be smooth and have compact range
0 < m ≤ β(x) ≤ M. Also, we assume that

β(x) =


β1 if jl < x < ( j + α)l for some j ∈ N ,
β2 otherwise .

(8)
Here, β1 and β2 are chosen so that the strong el-
lipticity condition [1] holds. In practice, the re-
quirement of strong point-wise ellipticity in each
layer is not essential, for all the important insta-
bility phenomena occur well below the stress lev-
els corresponding to the loss of ellipticity of the
weakest layer (see [4, 5]).
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2.2. Function spaces
Our considered space is V := H1

0(Ω). How-
ever, the techniques here can be used in more
general space Hp

0 (Ω), where 2 ≤ p < ∞.
The space W1,2

0 (Ω) is considered because we can
characterize displacements that vanish on the
boundary ∂Ω of Ω.

The dual space, which is the space of contin-
uous linear functionals on H1

0(Ω), is denoted by
H−1(Ω), and the value of a functional b ∈ H−1(Ω)
at a point v ∈ H1

0(Ω) is denoted by 〈b, v〉. The
Sobolev norm ‖ · ‖H1

0 (Ω) is of the form

‖v‖H1
0 (Ω) = (‖v‖2L2(Ω) + ‖∇v‖2L2(Ω))

1
2 .

The dual norm to ‖ · ‖H1
0 (Ω) is ‖ · ‖H−1(Ω).

Let Ω be a bounded, connected, open, Lips-
chitz domain of R,

f ∈ H1
∗ (Ω) =

{
g ∈ H1(Ω)

∣∣∣∣∣
ˆ

Ω

g dx = 0
}
.

We consider the following problem: Find u ∈
H1(Ω) and σ ∈ L1(Ω) ([6]) such that

−div(σ) = f in Ω ,

σ =
u′

1 − β(x)|u′| in Ω ,

u = 0 on ∂ΩD ,

σ = G on ∂ΩT .

(9)

The considered model (2) is compatible with
the laws of thermodynamics [7, 8], which means
that the class of materials are non-dissipative and
are elastic.

For the later discussion about homogeniza-
tion, we consider uε(x) ∈ W1,2

0 (Ω). Assume that

uε(x) = u
( x
ε

)
is a periodic function in x with

period ε, equivalently u(y) = u
( x
ε

)
is a periodic

function in y with period 1. This means that for
any integer k,

uε(x) = uε(x + ε) = uε(x + kε) ,

correspondingly,

u
( x
ε

)
= u
( x
ε
+ 1
)
= u
( x
ε
+ k1
)
= u(y + k) .

This remark supports the expressions of ε in (1).
(Note that the spatial periodicity of the compos-
ite induces the same periodicity for u.)

For the sake of simplicity, we assume perfect
bonding conditions at the interface ∂Ω between
the layers, i.e., the displacement and traction are
continuous across each interface for all possible
deformations:

(uε)(1) = (uε)(2) on ∂Ω ,
(σε)(1) = (σε)(2) on ∂ΩT .

(10)

We assume ∂ΩT = ∅. In homogenization the-
ory, using (9), we write the considered formula-
tion in the form of displacement problem: Find
u ∈ H1(Ω) such that

−div
(

u′ε
1 − βε(x)|u′ε |

)
= f in Ω , (11)

uε = 0 (uε)(1) = (uε)(2) on ∂Ω . (12)

We denote

aε(x, u′ε) =
u′ε

1 − βε(x)|u′ε |
, (13)

in which uε(x) ∈ W1,2
0 (Ω).

3. Existence and uniqueness

The existence and uniqueness of solution to
(11)-(12) is proved in [9], and thanks to the fol-
lowing Lemma ([10, 11, 9]).

Lemma 3.1. Let

Z :=
{
ζ ∈ L∞(Ω) | 0 ≤ |ζ | < 1

M

}
. (14)

For any ξ ∈ Z, consider the mapping

ξ ∈ Z �→ F(ξ) :=
ξ

1 − βε(x)|ξ| ∈ R .

Then, for each ξ1, ξ2 ∈ Z, we have

|F(ξ1) − F(ξ2)| ≤ |ξ1 − ξ2|
(1 − βε(x)(|ξ1| + |ξ2|))2 , (15)

(F(ξ1) − F(ξ2))(ξ1 − ξ2) ≥ |ξ1 − ξ2|2 . (16)

In our case of 1D, the solution u can be found
directly from (11)-(12).
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4. Homogenization

We discuss homogenization for the one-
dimensional quasilinear elliptic equation (11),
for uε ∈ W1,2

0 (Ω),

−(aε(x, u′ε))
′ = f , (17)

where aε(x, u′ε) was defined in (13). This form
(17) is as in [12].

The homogenization of nonlinear partial dif-
ferential equations has been studied previously
(see, e.g., [13]). It can be shown that a sequence
of solutions uε converges weakly (up to a sub-
sequence) to u∗ in an appropriate norm, where
u∗ ∈ W1,2

0 (Ω) is a solution of the homogenized
equation

−(a∗(x, u′∗))
′ = f . (18)

In our present work, the homogenized coeffi-
cient a∗ can be computed because the material is
periodic. We thus formulate an auxiliary problem
and use it in the calculation of the homogenized
flux a∗. The discussion in details is as follows.

Consider the equation (11):

−
(

u′ε(x)
1 − βε(x)|u′ε(x)|

)′
= f .

The cell problem is given by

− d
dy



ξ +
d
dy

Nξ

1 − β(y)
∣∣∣∣∣ξ +

d
dy

Nξ
∣∣∣∣∣


= 0 , (19)

in Y , the unit period, and Nξ ∈ W1,p
per (Y) is the

solution of this equation. In which, Nξ has peri-
odic boundary conditions, and W1,p

per (Y) is the set
of mean value zero functions.

Assume that the solution of the equation

ζ

1 − β(y)|ζ | = α

is given by

ζ = ζ(y, α) =
α

1 + αβ(y)sign(ζ)
.

We then have

ξ +
d
dy

Nξ =
c

1 + cβ(y)sign
(
ξ +

d
dy

Nξ

) , (20)

where c is a constant.
From the cell problem (19), we can write

Nξ = χ · ξ ,
where ξ � 0, and χ solves

− d
dy

(
1 +

d
dy
χ(y)
)
= 0 .

Indeed, the cell problem is equivalent to the fol-
lowing problem:

− d
dy



ξ

(
1 +

d
dy
χ(y)
)

1 − β(y)|ξ|
∣∣∣∣∣1 +

d
dy
χ(y)
∣∣∣∣∣


= 0

d
dy

(
1 +

d
dy
χ

)
− β(y)|ξ|

∣∣∣∣∣1 +
d
dy
χ

∣∣∣∣∣
d
dy

(
1 +

d
dy
χ

)

+β(y)|ξ|
(
1 +

d
dy
χ

)
d
dy

∣∣∣∣∣1 +
d
dy
χ

∣∣∣∣∣ = 0

d
dy

(
1 +

d
dy
χ

)
= 0

1 +
d
dy
χ = a

χ = (a − 1)y + b ,

where a, b are constants. Thus,

sign
(
ξ +

d
dy

Nξ

)
= sign

(
ξ

(
1 +

d
dy
χ

))

= sign(aξ)

From (20), we obtain

ξ

(
1 +

d
dy

Nξ

)
=

c
1 + cβ(y)sign(aξ)

.

Integrating over Y to find c:

ξ =

ˆ

Y

c
1 + cβ(y)sign(aξ)

dy

=
cl(1)

1 + cβ1sign(aξ)
+

cl(2)

1 + cβ2sign(aξ)

=
cl(1)(1 + cβ2sign(aξ)) + cl(2)(1 + cβ1sign(aξ))

(1 + cβ1sign(aξ))(1 + cβ2sign(aξ))
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Equivalently,

((β1l(2) + β2l(1))sign(aξ) − β1β2ξ)c2

+(1 − (β1 + β2)ξsign(aξ))c − ξ = 0 .
(21)

Here, each of l(1), l(2) denotes the sum of length of
layers within the material unit Y , having βε(x) =
β1, βε(x) = β2, respectively; and l(1) + l(2) = 1 .

With appropriate βε(x), solving the quadratic
equation (21) for c, we obtain c = φ(ξ) .

To compute the homogenized coefficient a∗,
we notice that

a∗(ξ) =
ˆ

Y
a(y, ξ + ∇yNξ(y))dy

=

ˆ

Y
cdy = c = φ(ξ) ,

(22)

where a∗ satisfies the conditions similar to (15)
and (16).

5. Conclusions

In this paper, we investigate homogenization
in a class of periodically layered composite ma-
terials, whose each base cell contains two layers,
in one dimensional and strain-limiting settings.
By analysis, we obtained the homogenized coef-
ficient. An open question is comparing the ho-
mogenized solution and the specific solution in
each layer. Another question is taking into ac-
count the ratio of layers’ thickness.
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Abstract
Sr3B2O6:Eu2+ (1mol%) phosphor was fabricated by combustion method and their luminescent, thermoluminescence 
(TL) properties were investigated and discussed. The intense orange emission near 574 nm that originates from 5d→4f 
transition of Sr3B2O6:Eu2+ with the large stokes shift and the large bandwidth is an anomalous emission. The investigation 
of luminescence at different temperature showed the energy for the thermal quenching of 0.429 eV. Result of TL 
estimation from glow curve presented a trap with activation energy about 0.95 eV. The mechanism of anomalous emission 
is explained by the presence of trap in lattice. 

Keywords: Strontium borate, Thermal quenching, Thermoluminescence, Europium.

Tóm tắt
Vật liệu phát quang Sr3B2O6:Eu2+ (1mol%) được chế tạo bằng phương pháp nổ và các đặc trưng phát quang, nhiệt phát 
quang (TL) của vật liệu cũng đã được nghiên cứu và thảo luận. Bức xạ phát quang màu cam cường độ mạnh ở bước sóng 
574 nm bắt nguồn từ chuyển dời 5d→4f của Sr3B2O6:Eu2+ có độ dịch stokes và độ bán rộng lớn là thuộc về phát quang 
dị thường. Khảo sát phổ phát quang của vật liệu tại các nhiệt độ khác nhau đã chỉ ra năng lượng dập tắt nhiệt vào khoảng 
0.429 eV. Kết quả phân tích từ đường cong nhiệt phát quang tích phân cho thấy sự tồn tại của bẫy ứng với năng lượng 0.95 
eV. Cơ chế của phát quang dị thường được giải thích thông qua sự có mặt của bẫy trong mạng tinh thể. 

Từ khóa: Strontium borate, Dập tắt nhiệt, Nhiệt phát quang, Europium.

1. Introduction
Lanthanide (Ln) ions either in their divalent 

or trivalent charge state form a very important 
class of luminescence activators in phosphors. 
In all phosphor applications, the emission color 
and thermal stability of the emission are crucially 

important factor and these aspects are related to 
the location of the lanthanide energy levels [1, 
2]. After excited from the 4f ground state to the 
5d level, a lanthanide ion relaxes to the lowest 
5d level and then it makes 5d→4f emission as 
from this level to ground state. In most trivalent 
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lanthanide ions, 5d→4f emission is not observed 
because it is normally quenched by rapid multi-
phonon relaxation from the lowest 4fn-15d states 
to 4fn ground state. For the divalent lanthanide 
ion, 5d→4f emission is obtained for Sm2+, Eu2+, 
Tm2+ and Yb2+. In the other divalent ions, the 
5d→4f emission is quenched by again relaxation 
to 4fnground state. Among divalent ions, Eu2+ ion 
has been doped in many compounds because its 
5d→4f transition has strong intensity and variant 
color in different materials. The Eu2+ emission 
can be normal or anomalous emission which 
depends on effect of host lattice on energy level 
position 5d of Eu2+ ion in the compound.

Among inorganic compounds applied for 
lighting and display, strontium borate materials 
doped Ln ion can change component to obtain a 
lot of luminescent phosphor as Sr3B2O6, Sr2B2O5 
and SrB2O4. In which Sr3B2O6 material has 
studied for past twenty years with many results 
which are potential for light technology [3-5]. 
By this time, this material is still attracting the 
scientists to study with many papers published 
in 2017 and 2018 [6-8]. However, no literature 
explains anomalous emission of Eu2+-doped 
Sr3B2O6 lattice. Therefore, the targets of this 
work are to synthesize Sr3B2O6 materials and 
explain the anomalous emission of Eu2+-doped in 
this lattice.

2. Experiment
Sample Sr3B2O6 doped Eu2+ (1 mol%) ion in 

this study was fabricated by combustion method 
using urea (NH4N2O) as a combustion fuel. The 
raw materials are strontium nitrate Sr(NO3)2 
(Merck), acid boric H3BO3 (AR), europium 
nitrate Eu(NO3)3 (Sigma). The solution of 
ingredients was mixed and heated at 70oC by a 
magnetic stirring machine to obtain a gel. Next, 
the gel was dried at 50oC for 2 hours using the 
low temperature furnace. The dry gel, in next 

step, was introduced into a furnace and was 
heated to 600oC under the CO reduced gas for 
the combustion occurred within 5 minutes. 
Finally, the sample was cooled naturally to room 
temperature with the furnace, obtaining the 
sample in terms of white powder. 

Structural characteristic of the prepared 
sample was investigated by X-ray diffraction 
(XRD) patterns using a X-ray diffractometer D8-
Advance (Bruker, Germany). Photoluminescence 
(PL) and photoluminescence excitation (PLE) 
spectra were taken out by a spectrophotometer 
(FL3-22, Horiba Jobin-Yvon). A beta-source 
of 90Sr was used for irradiation of the samples. 
Thermoluminescence properties were carried out 
by the glow curves using Harshaw 3500 TLD 
reader.

3. Results and discussion

3.1 X-ray diffraction of Sr3B2O6: Eu2+.
Phase purity of the prepared samples 

Sr3B2O6:Eu2+ (1 mol%) was figured out by 
X-ray diffraction (XRD) using Cu K-alpha 
(0.154 nm) radiation and the XRD patterns are 
presented in Fig. 1. The measured XRD pattern 
matches well with the Sr3B2O6 standard PDF 
card of 31-1343. No impure phases have been 
found which indicated that the single phase Eu2+ 
activated Sr3B2O6 phosphor has been successfully 
synthesized. The crystal system of the prepared 
sample was identified as a rhombohedral structure 
with space group R3c.The average particle size 
calculated using Sherrer’s formula is given [9]:

 0.9
. osd c

l
b q= ,    (1)

where λ= 0.154 nm is the X-ray wavelength, 
β is the full-width at haft maximum (FWHM) 
intensity (in radian), θ is the diffraction angle (in 
degrees), d is the average size of the particle. The 
value d of the prepared samples is around 38 nm. 
The lattice parameters are showed in Table 1.
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Figure 1. XRD patterns of Sr3B2O6:Eu2+.

Table 1 Structural parameters of SAS:Eu3+ sample.

Sample Sr3B2O6:Eu2+

Crystal system Rhombohedral
Space group R3c
a 9.046 Å
b 9.046 Å
c 12.566 Å
α=β 90o

γ 120o

Crystal size 38 nm

3.2 Luminescence and thermoluminescence 
(TL) study of Sr3B2O6:Eu2+

The PLE and PL spectra at rom temperature 
of Eu2+ activated Sr3B2O6 lattice are shown in 
Figure 2. The emission of Eu2+ excited by the 435 
nm radiation (Fig. 2.b) is a broad band peaking 
at 574 nm which results from the transition from 
the 4fn-15d excited state to the 4fn ground state of 
electron. The PLE spectrum recorded at the 574 
nm emission wavelength is a broad band from 
275 nm to 500 nm which is assigned to 4fn→4fn-

15d transition of Eu2+ ion. The yellow emission 
and the broad-band excitation suggested that 
Sr3B2O6:Eu2+ phosphor can be applied on wLED 
when it is pumped by blue LED or near UV-
LEDs. Besides that, Fig. 2.b also showed the 
large bandwidth of the emission spectra of 3017 
cm-1 which is one of the characteristic indicating 
the presence of anomalous emission [10, 11].

Figure 2. PLE and PL spectra of Sr3B2O6:Eu2+.

Several earlier studies showed that there is a 
relationship between the presence of anomalous 
emission and the location of the excited 5d levels 
of Ln2+ ions relative to the conduction band 
[10, 11]. The energy difference between the 5d 
levels and the conduction band of the host crystal 
can be calculated from the thermal quenching 
of emission spectra [12-14]. PL spectra of 
Sr3B2O6:Eu2+as a function of measurement 
temperature is illustrated in Fig. 3a. The 
emission spectra did not change the position of 
peak and its intensity decreased with increasing 
measurement temperature. The correlation 
between the intensity I(T) of 5d→4f emission 
and temperature T is given [15, 16]:

 

0( )
- E

1 exp
kT

I
I T

A
=

∆
+  

  

,               (1)

where I0 is the initial intensity, I(T) is the intensity 
at a given temperature T, A is a constant, ΔE is 
the activation energy for thermal quenching, and 
k is Boltzmann’s constant (8.617 × 10−5 eV K−1). 
Based on eq.1, Fig. 3b plots ln [(I0/I)−1] variation 
dependency of 1/(kT). The fitted line gives the 
slope which is also ΔE of 0.429 eV. This is the 
energy barrier for the thermal quenching of 
luminescence in Sr3B2O6:Eu2+. 
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Figure 3. PL of Sr3B2O6:Eu2+ sample at various temperature.

The presence of anomalous emission in some 
materials can be explained by the impurity-traped 
exciton mode [12, 17]. Hence, the TL glow 
curve of Sr3B2O6:Eu2+ sample was investigated 
to determine the presence of traps in host lattice. 
Sample irradiated by a beta-source of 90Sr with the 
dose of 3 Gy. TL glow curve of sample which was 
recorded by using Harshaw 3500 TLD reader with 
linear heating rate of 2 0Cs-1 is shown in Fig.4. The 
TL glow curve includes a single peak at 160oC 

and the activation energy Ea is calculated by the 
initial-rise method. In this method, the initial rise 
part of a glow curve depends exponentially on 
temperature according to 

  ( ) .exp( / ).aI t const E kT= −             (2)
When a plot of ln(I) versus 1/T is made over 

this initial rise region, then a straight line with 
slope – Ea/k is obtained, so the activation energy 
Ea is found. The activation energy from the glow 
curve of Sr3B2O6:Eu2+ is around 0.95 eV.

Figure 4. TL glowcurve (a) and the initial rise method to calculate the activation energy (b) of Sr3B2O6:Eu2+.

3.3 Anomalous photoluminescence in 
Sr3B2O6:Eu2+

It is known that europium ions doped 
materials are in trivalent or divalent states 

depend the prepared condition. Luminescence of 
the trivalent state is from the 4f→4f transitions 
and it has the red light with a number of narrow 
lines. While the luminescence of the divalent 
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state is a broad-band emission which is due to 
the 5d→4f transitions and its color depends on 
the crystal field. Dorenbos distinguishes two 
types of broadband emission: “normal” and 
“anomalous” emission. In the case of the normal 
emission, the 5d→4femission has the common 
Stokes shift (ΔS) and the bandwidth (Γ) about 
1350 and 1600 cm-1, respectively [18]. While 
anomalous emissions characterized by a much 
larger Stokes shift (ΔS(2+, X)> 4000 cm-1), a 
much larger bandwidth (Γ>3000 cm-1), deviant 
temperature quenching and decay profile [10, 
11]. For Sr3B2O6:Eu2+, the Stokes shift and the 
bandwidth of the emission spectra are 5567 
cm-1 and 3017 cm-1, respectively. Therefore, 
from the viewpoint of the large Stokes shift, the 
large emission bandwidth and the temperature 
quenching profile, the observed emission of 
Sr3B2O6:Eu2+ is anomalous.

According to the studies of anomalous 
emission, the location of 5d levels relative to 
the conduction band and the phenomenon of 
“anomalous” emission are relative to each other. 
This is explained by the impurity-traped exciton 
model [12, 17] in Fig. 5. For normal emission, Eu2+ 
excited level located well below the conduction 
band edge and there is no low-energy crossing 
possible between the Eu2+ excited level and the 
conduction band. Whereas, in the anomalous 
emission, upon excitation of Eu2+ ion [transition 
(1)], it becomes autoionized and an impurity-
traped exciton is created [transitions (2) and 
(3)]. The above result of TL study showed the 
presence of the traps near the conduction band 
with the activation energy of 0.95 eV. When the 
localized levels of the impurity ion are excited, 
the excitation leads either to radiationor to 
nonradiation decay into the lower energy levels. 
Generally, when an electron from the lowest 
excited state makes a transition into ground state 
the emission is observed. On the other hand, when 
the excited level locates above the exciton energy 

then it may first decay upto the exciton level and 
then it makes an emission from this level to the 
ground state [transition (4)]. This makes the large 
redshift in the emission spectra.

Figure 5. Energy- level scheme for anomalous emission 
in Sr3B2O6:Eu2+.

4. Conclusion
Sr3B2O6:Eu2+ phosphor was successful 

synthesized by combution method and it’s 
yellow emission is a broad band peaking at 574 
nm.  The Stokes shift and the bandwidth of the 
emission spectra are 5567 cm-1 and 3017 cm-1. The 
results of luminescence and glow curve indicated 
the luminescence of Eu2+-doped Sr3B2O6 was 
anomalous emission and this emission was relative 
to the presence of the traps in this host lattice. 
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Abstract
We investigate the use of the Newton-PGMRES method for solving nonlinear systems arising from integrated hydrologic
models. We propose a new termination scheme based directly on the PGMRES residual norm. The effectiveness of the
resulting modified Newton-PGMRES method is demonstrated by solving nonlinear systems of equations arising from
transient simulations of the Integrated Water Flow Model (IWFM), a water resources management and planning model
developed by California Department of Water Resources. For two real-world IWFM simulations, the proposed modified
Newton-PGMRES method reduces the number of outer Newton iterations by up to 20% and consequently reduces the
total simulation time by up to 10%.

Keywords: Newton-PGMRES, Newton method, GMRES, IWFM.

Tóm tắt
Trong bài báo này, chúng tôi nghiên cứu các phương pháp Newton-PGMRES để giải phương trình phi tuyến xuất hiện
trong các mô phỏng thủy lợi dạng kết hợp. Một cách tiếp cận mới trong việc xây dựng điều kiện dừng của phương pháp
PGMRES được đề xuất. Tính hiệu quả của cải tiến này được thể hiện qua việc giải các phương trình phi tuyến trong
IWFM, một gói phần mềm quản lý và lên kế hoạch trong việc sử dụng tài nguyên nước được phát triển bởi phòng Tài
nguyên nước bang California. Trong hai mô phỏng thực tế bằng IWFM, phương pháp cải tiến giúp giảm 20% số bước lặp
Newton và 10% thời gian mô phỏng.

Từ khóa: Newton-PGMRES, phương pháp Newton, GMRES, IWFM.

1. Introduction

In integrated hydrologic models, the follow-
ing systems of nonlinear equations need to be
solved:

F (x) = 0, (1)

where F : Rn → Rn is a nonlinear function.
Newton-type or gradient-based methods are gen-
erally regarded as being very efficient for solving
this type of system [13] when F is continuously
differentiable everywhere in Rn . When applied to
(1) with the initial guess x0, the Newton method
iteratively builds a sequence of approximate so-

∗Email: nguyentrunghieu14@dtu.edu.vn
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lutions {xk }. Specifically, the approximate solu-
tion xk+1 at (k +1) iteration is generated by

xk+1 = xk + sk , (2)

where the update direction sk is the solution of
the system of linear equations

J (xk )sk =−F (xk ), (3)

and J (xk ) is the Jacobian of F at xk . The Newton
method converges locally with quadratic rate of
convergence, provided the Jacobian is Lipschitz
continous at the solution. Comprehensive studies
of the Newton method can be found, for example,
in [15, 10, 9].

In practice, solving (3) to a high accuracy
in every Newton iteration might be computa-
tionally expensive and unnecessary, especially in
the early iterations. In [6], an inexact Newton
method is proposed to solve the linear system (3)
up to an accuracy controlled by the so-called
forcing term ηk , i.e., finding sk such that

‖rk‖ = ‖F (xk )+ J (xk )sk‖ ≤ ηk‖F (xk )‖ ≡ τk , (4)

where the vector rk = F (xk )+J (xk )sk is the resid-
ual of (3), as well as a local linear model of F
evaluated at xk . The forcing term ηk sets the ac-
curacy of the update direction sk . It is proven
that the inexact Newton method converges lo-
cally and superlinearly under the proper choice
of ηk [6].

For solving the linear systems (3), Krylov
subspace projection methods have a distinct ad-
vantage over direct methods for large-dimension
problems because they use less numerical com-
putation and require little matrix storage [4, 5].
When the linear system (3) is non-symmetric,
the Generalized Minimum Residual algorithm
with Preconditioning (PGMRES) is commonly
used. The combined scheme is called a Newton-
PGMRES method [16, 4, 1]. In this case, the up-
date direction sk is a solution of the precondi-
tioned linear system

M L
k J (xk ) M R

k (M R
k )−1sk =−M L

k F (xk ), (5)

where M L
k and M R

k are the left- and right-
preconditioners, respectively. A survey of the

Newton-PGMRES method and other Newton-
Krylov methods can be found in [11].

When the Newton-PGMRES method uses
only right-preconditioning (i.e., M L

k = I ), the
residual norm of an approximate solution sk is
unchanged. The termination criterion (4) is still
applicable. However, when a left-preconditioner
is used, the residual norm with respect to the
original system (3) is no longer available directly.
Consequently, the criterion (4) is not immedi-
ately applicable. In order to use (4), additional
computation is necessary to explicitly formulate
the approximate solution sk and compute the cor-
responding residual norm of the original system
(3). To the best of the authors’ knowledge, it is
still an open problem to derive a proper termina-
tion criterion for the PGMRES solver with left
preconditioning such that the resulting inexact
Newton-PGMRES method is provable to con-
verge locally.

The contributions of this paper is as follows.
For the inner PGMRES iteration, we propose an
efficient termination scheme that is applicable to
the left preconditioned systems. We formulate a
stopping tolerance τP

k to directly control the pre-
conditioned residual norm:

‖Mk [F (xk )+ J (xk )sk ]‖ ≤ τP
k . (6)

This termination scheme is computationally in-
expensive as the left-hand side of (6) is immedi-
ately available from PGMRES. In addition, un-
der a mild assumption, we show that the resulting
modified Newton-PGMRES method converges
locally and superlinearly. The proposed stopping
tolerance τP

k also reduces the number of outer
Newton iterations significantly.

We have tested the proposed new schemes
in the simulations of IWFM, a water resources
management and planing application developed
by the California Department of Water Resources
[8]. IWFM is an integrated hydrologic model that
simulates groundwater flow, surface water flow
and groundwater-surface water interactions as
well as other components of the hydrologic sys-
tem. In IWFM, the discretized groundwater flow
equation, stream flow equation and lake storage
equation are implicitly coupled to form a system
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of nonlinear equations. This nonlinear system is
solved at each time step of an IWFM simula-
tion. Solving the nonlinear systems is the most
time-consuming components of IWFM, and ac-
counts for about 80% of the total time in a typ-
ical IWFM simulation. Numerical experiments
for two real-world simulations demonstrate that
the new modified Newton-PGMRES method re-
duces the number of Newton iterations by up to
20% and the simulation time by up to 10%.

2. Newton-PGMRES method

At the kth Newton iteration, when the PGM-
RES algorithm [16] is applied to the left precon-
ditioned linear system of equations

Mk J (xk )sk =−Mk F (xk ), (7)

it first builds an orthonormal matrix Vj+1 =
[v1 v2 . . . v j v j+1] whose column vectors form
a basis for the Krylov subspace K j generated
by the matrix Mk J (xk ) and the residual vector
r0 =−Mk (F (xk )+ J (xk )s(0)

k ), where s(0)
k is an ini-

tial guess of sk . This phase is referred to as
the Arnoldi procedure. In matrix notation, the
Arnoldi procedure can be expressed as

Mk J (xk )Vj =Vj+1H̄ j ,

where H̄ j = {hi ,l } is a ( j + 1)× j upper Hessen-
berg matrix, and Vj+1 = [Vj v j+1]. Then the j th
PGMRES approximation s( j )

k is

s( j )
k = s(0)

k +Vj y∗,

where y∗ ∈R j is the solution of the least squares
problem:

y∗ = argmin
y∈R j

‖βe1 − H̄ j y‖, (8)

with β= ‖r0‖ and e1 = [1 0 . . . 0]T .
Combining the inexact Newton method with

PGMRES leads to the Newton-PGMRES algo-
rithm (Algorithm 1) for solving the nonlinear
system of equations (1), where for the simplic-
ity of exposition, PGMRES is presented without
restarting.

Algorithm 1 Newton-PGMRES algorithm

1: Let x0, 0 < θmi n < θmax < 1 and t ∈ (0,1) be
given

2: NEWTON_CONV = false
3: for k = 0,1, . . . until NEWTON_CONV do
4: Compute ηk ∈ (0,1) and set τk =

ηk‖F (xk )‖
5: Set s(0)

k =�0
6: v1 = r0/β, where r0 = −Mk (F (xk ) +

J (xk )s(0)
k ) and β= ‖r0‖.

7: PGMRES_CONV = false
8: for j = 1,2, . . . until PGMRES_CONV do
9: w = Mk J (xk )v j

10: for i = 1,2, . . .to j do
11: w = w −hi , j vi , where hi , j = (w, vi )
12: end for
13: h j+1,i = ‖w‖ and v j+1 = w/h j+1,i

14: Solve the least squares problem (8) for
y∗

15: Compute s( j )
k = s(0)

k +Vj y∗
16: Compute ‖rk‖ = ‖J (xk )s( j )

k +F (xk )‖
17: if ‖rk‖ ≤ τk then
18: PGMRES_CONV = true
19: end if
20: end for
21: sk = s( j )

k
22: while ‖F (xk+sk )‖ > [1−t (1−ηk )]‖F (xk )‖

do
23: Choose θ ∈ [θmin,θmax]
24: Update sk ← θsk and ηk ← (1 − θ(1 −

ηk ))
25: end while
26: Update xk+1 = xk + sk

27: if ‖F (xk+1)‖/‖F (x0)‖ ≤ τN
1 or ‖xk+1 −

xk‖ ≤ τN
2 , then

28: NEWTON_CONV = true
29: end if
30: end for

Algorithm 1 has several drawbacks. First,
the termination criterion (4) is not appropriate
for multiscale simulations. It is imposed on the
original system which has variables spanning a
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wide range of magnitudes. It is more sensitive
to changes in the variables of large scale, which
can cause premature termination before the vari-
ables of small scales are solved up to the desired
accuracy. Furthermore, the tolerance τk is for-
mulated to protect against over-solving the inner
linear systems. It can be so loose that there are
only two or three PGMRES iterations per New-
ton iteration. This is inefficient for applications
where the exclusive cost of an outer iteration is
comparable or even higher than that of an inner
PGMRES iteration.

Second, when the PGMRES algorithm with
left preconditioning is used, the residual norm
of the approximation s( j )

k is given by the residual
norm of the least squares problem:

‖r P
k ‖ = ‖Mk (J (xk )s( j )

k +F (xk ))‖ = ‖βe1 − H̄ j y∗‖,
(9)

which is readily available at every PGMRES it-
eration. However, since the termination criterion
(4) only requires the residual norm ‖rk‖ of the
original system, ‖r P

k ‖ is not used. In addition, it is
expensive to compute the residual norm ‖rk‖ as
the corresponding approximate solution sk need
to be formed explicitly in every PGMRES itera-
tion.

3. Modified Newton-PGMRES method

To address the drawbacks of Algorithm 1 we
propose a modified Newton-PGMRES algorithm
(Algorithm 2). The most notable features of the
modified algorithm is a redesigned termination
criterion for the inner PGMRES iteration.

Let us first discuss the formulation of the
stopping tolerance τP

k for the inner iteration (line
14 of Algorithm 2):

‖r P
k ‖ ≤ τP

k . (10)

Note that the residual rk of the original system
and the residual r P

k of the preconditioned system
is related by

rk = M−1
k r P

k .

By taking the norm and applying (10), we have

‖rk‖ ≤ ‖M−1
k ‖‖r P

k ‖ ≤ ‖M−1
k ‖ τP

k ≡ ηM
k ‖F (xk )‖,

(11)

where the forcing term is

ηM
k = ‖M−1

k ‖ τP
k

‖F (xk )‖ . (12)

Therefore, to guarantee the local convergence of
Algorithm 2, τP

k should be chosen so that ηM
k ≤

ηM
max < 1 for all k.

Algorithm 2 Modified Newton-PGMRES algo-
rithm

1: Let x0 be given
2: NEWTON_CONV = false
3: for k = 0,1, . . . until NEWTON_CONV do
4: Compute τP

k

5: Set s(0)
k =�0

6: v1 = r0/β, where r0 = −Mk (F (xk ) +
J (xk )s(0)

k ) and β= ‖r0‖.
7: PGMRES_CONV = false
8: for j = 1,2, . . . until PGMRES_CONV do
9: w = Mk J (xk )v j

10: hi , j = (w, vi ), i = 1,2, · · · , j

11: v̂ j+1 = w −∑ j
i=1 hi , j vi

12: h j+1,i = ‖v̂ j+1‖ and v j+1 = v̂ j+1/h j+1,i

13: Solve the least squares problem (8) for
y∗ and obtain the residual norm ‖r P

k ‖
14: if ‖r P

k ‖ ≤ τP
k then

15: PGMRES_CONV = true
16: end if
17: end for
18: Compute s( j )

k ≡ s(0)
k +Vj y∗

19: sk = s( j )
k

20: Compute damping factor θk

21: Update xk+1 = xk +θk sk

22: if ( (‖F (xk+1)‖/‖F (x0)‖ ≤ τN
1 ) or (‖xk+1−

xk‖ ≤ τN
2 )) then

23: NEWTON_CONV = true
24: end if
25: end for

To this end, we propose the following formu-
lation for the stopping tolerance

τP
k = γM ξM

k

‖F (xk )‖
‖F (x0)‖ for k ≥ 0, (13)
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where γM is defined as

γM = min
k≥0

{‖F (x0)‖
‖M−1

k ‖
}

. (14)

In the formulation of τP
k in (13), ξM

k plays the
role of the forcing term, adjusting τP

k adaptively
based on the current progress towards a solution.
The factor ‖F (xk )‖/‖F (x0)‖ is the relative reduc-
tion ratio of the function F . It defines the asymp-
totically behavior of τP

k .
From (13) and (14), we have

τP
k ≤ ‖F (x0)‖

‖M−1
k ‖ ξM

k

‖F (xk )‖
‖F (x0)‖

= ξM
k

‖F (xk )‖
‖M−1

k ‖

≤ ξM
k

‖M−1
k ‖ ‖Mk F (xk )‖

‖M−1
k ‖

= ξM
k ‖Mk F (xk )‖. (15)

Note that the quantity ‖Mk F (xk )‖ is the residual
norm corresponding to the GMRES initial guess
s(0)

k =�0, i.e.,

‖r P
k (s(0)

k )‖ = ‖Mk (J (xk )�0+F (xk ))‖ = ‖Mk F (xk )‖.
(16)

Hence, if σ< 1, then at least a few GMRES iter-
ations are performed at each Newton iteration.

By (12), (13) and (14), the forcing term ηM
k

satisfies:

ηM
k ≤ ‖M−1

k ‖
‖F (xk )‖

‖F (x0)‖
‖M−1

k ‖ ξM
k

‖F (xk )‖
‖F (x0)‖

= ξM
k . (17)

In general, ξM
k should be chosen to be uniformly

bounded by 1: ξM
k ≤ ξmax < 1. This guarantees

that Algorithm 2 converges locally and superlin-
early since ηM

k ≤ ηmax = ξmax < 1. However, to
avoid the over-solving, σ should not be chosen
too small. The choice with σ = 10−2 was found
to be very competitive in our experiments.

In practice, it is sufficient to find an estimate
for the formulation of γM in (14). If Mk is an in-
complete LU (ILU) preconditioner, it is easy to
obtain an estimate of ‖M−1

k ‖ [17, 12]. As k varies

the change in the condition number of ILU pre-
conditioner Mk can be controlled by adaptively
adjusting the process of dropping small entries
[2, 3]. If the change in ‖M−1

k ‖ is not significant,
we can effectively use the minimization in (14)
over only first few values of k to calculate γM .
This approach is shown to be efficient in our nu-
merical experiments.

Since there might be temporary increases
in ‖F (·)‖ that make it exceed ‖F (x0)‖, i.e.,
‖F (xk−1)‖ > ‖F (x0)‖, or τP

k becomes too small,
a safeguarding stopping tolerance τP

k for the in-
ner PGMRES loop is given by

τP
k = max

{
τmin,

σγM ‖F (xk )‖
(1+k)ρ max{‖F (x0)‖,‖F (xk−1)‖}

}
,

(18)
where τmin sets the smallest tolerance. The de-
fault is τmin = 10−6.

4. Numerical experiments

In this section, we illustrate the effectiveness
of the modified Newton-PGMRES method (Al-
gorithm 2) for solving nonlinear systems of equa-
tions arising from IWFM simulations (version
3.02). In IWFM, the conservation equation for
a multi-layer aquifer system is discretized by the
finite element method [8]. IWFM preserves the
nonlinear aspects of the surface and subsurface
flow processes, and must therefore solve a sys-
tem of nonlinear equations at every time step.
Two real-world simulations C2V and Walla are
used for numerical experiments. C2V is a simu-
lation for the Central Valley of California, while
Walla is a simulation for the Walla Walla basin in
Oregon. More details can be found in [8, 7, 14].

Table 1 shows the total numbers of outer
Newton iterations and inner PGMRES iterations
and CPU elapsed time for three algorithms for
solving sequences of nonlinear systems. The
CPU elapsed time is for the entire simulation, in-
cluding initialization and data I/O. From Table 1,
we observe that the modified Newton-PGMRES
algorithm uses about 50% more inner PGMRES
iterations but about 20% fewer outer Newton it-
erations than the Newton-PGMRES algorithm
does. The overall IWFM simulations with the
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NP MNP
τk τP

k
Time steps 372 372

C2V Newton iters. 8042 6457
GMRES iters. 22308 32687
Time(sec.) 126 113
Time steps 1096 1096

Walla Newton iters. 33836 27556
GMRES iters. 72813 117148
Time (sec.) 6283 5569

Bảng 1. Performance of Newton-PGMRES (NP) and modified Newton-PGMRES (MNP)

modified Newton-PGMRES algorithm perform
better for both examples and reduce the total sim-
ulation time by about 10%.

5. Concluding remarks

In this paper, we studied the use of the
double-loop Newton-PGMRES method. We pro-
posed a new termination scheme for the in-
ner PGMRES loop that is applicable for the
left-preconditioned linear systems. The modi-
fied Newton-PGMRES method resolves impor-
tant numerical constraints and has reduced the
computational time for the IWFM simulation of
realistic integrated hydrologic systems. There-
fore, the proposed modified Newton-PGMRES
method is a good alternative in solving nonlinear
systems arising from integrated hydrologic mod-
els.
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Enhancement of CO2 capture by using nitric acid treated pine cone biomass
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Abstract
This study investigated the potential application of nitric acid treated pine cone biomass (HNO3-PC) for capturing  CO2 
in the air. The basics physical-chemical properties of PC and HNO3-PC were determined by surface morphology (SEM), 
Surface functional group (FTIR), Surface area (BET) and elemental analysis (EA). The CO2 capture process was done by 
mixtures containing 20% by volume CO2 and 80% by volume N2 in a temperature range of 20-60oC along with pressure 
0.1-1.5 atm.  The adsorption capacity of CO2 on HNO3-PC was 3.9 mmol/g which is much higher than that of untreated 
pine cone (1.6 mmol/g).  Based on these findings, HNO3-PC could be utilized as promising low-cost adsorbent for CO2 
capturing in the air. 

Keywords: pine cone biomass, Nitric acid treated, CO2 capture, adsorption cost. 

Tóm tắt
Nghiên cứu này nhằm mục đích đánh giá tiềm năng ứng dụng của quả thông sau khi được xử lý bằng axit nitric (HNO3-
PC) để loại bỏ khí CO2 trong không khí. Các tính chất hóa lý cơ bản của PC và HNO3-PC được kiểm tra thông qua các 
phương pháp đo: SEM, FTIR, BET và EA. Quá trình hấp thu CO2 được thực hiện thông qua việc trộn hỗn hợp khí 20% 
CO2 và 80% N2 theo thể tích, trong điều kiện nhiệt độ từ 20-60oC cùng với áp suất 0,1-1,5 atm. Khả năng hấp phụ của 
CO2 trên HNO3-PC thu được là 3,9 mmol/g, kết quả này cao hơn nhiều so với sinh khối thông chưa được hoạt hóa (1,6 
mmol/g). Dựa trên những kết quả nghiên cứu trên đây, HNO3-PC có tiềm năng để được sử dụng như một chất hấp phụ 
với chi phí thấp để loại bỏ CO2 trong không khí.

Từ khóa:  Sinh khối quả thông, Hoạt hóa bởi acid nitric, Hấp thu CO2, Giá thành hấp phụ.

1. Introduction 
The CO2 emissions are responsible for almost 

60 % of global warming and it is considered to 
be the paramount contributor to global warming 

and climate change [1-2].  According to the 
new annual data of the National Oceanic and 
Atmospheric Administration-Earth System 
Research Laboratory in the United States, the 
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CO2 level in the atmosphere has increased at 
2.1 ppm per year over the past decade (2005-
2014) and 1.9 ppm per year in the prior decade 
(1995-2004). The total CO2 concentration in the 
atmosphere has been rapidly increasing from 280 
(in 1995) to 398.55 ppm (in 2015) [3-5]. Such 
a rapid increase in CO2 is also the driving force 
responsible for major climate change such as 
the increase in the average surface temperature 
of the earth [6]. Therefore, it is very important 
that proper mitigation measures are found to 
counteract CO2 emissions through effective CO2 

capture. 
Activated carbon is considered to be a 

promising adsorbent for capturing of CO2 
because of its characteristics such as high surface 
areas, porous structure, high stability and widely 
available source [7-8].  Forestry waste materials 
usually employed as adsorbent may have potential 
marketing advantage for adsorption process over 
other adsorbent types because they are of low 
cost, environmentally friendly, naturally available 
and efficient. Korea produces large amounts of 
pine cone biomass based on the high area of 
pine forestry (2.68 mil ha). Therefore, pine cone 
biomass have potential as low-cost adsorbent 
which can be applied in adsorption process (such 
as water treatment and air pollution control) by 
their natural or chemically modified forms. 

The main aim of this study was to investigate 
potential application of pine cones biomass and 
HNO3 treated pine cones for capturing of CO2 from 
the air. The basic physical-chemicals properties of 
materials were identified by SEM, FTIR, BET and 
EA analysis. Also, the CO2 adsorption capacity 
and selectively were determined.  

2. Material and methods
2.1. Materials
All of the chemicals used in this study were of 

analytical reagent grade (obtained from Daejung 
Chemical and Metals Co. LTD., South Korea) 
and used as received without further purification. 

Aqueous solutions of HNO3 were prepared by 
dissolving HNO3 in deionized distilled water.

PCs biomass were collected from mountainous 
area located 500 m from the University of Ulsan 
in Nam-gu, Ulsan, South Korea. After that, 
the PCs were washed with deionized water to 
remove impurities such as dirt, sand, and leaves 
then dried at 50oC for 24 h. The dried PCs were 
sieved using mesh (DA-354) to obtain a uniform 
particle size range between 50 and 100 μm. The 
sieved PCs were stored in an airtight plastic 
container until they were used for experiments.

50g of PC were mixed with 200 ml of 0.1M 
HNO3 at room temperature for 3h. The HNO3-
PC was then filtered and repeatedly washed with 
distilled water. The resulting washed HNO3-PC 
was dried 24 h in an oven at 30oC and used for 
characterization and CO2 capture experiments. 

2.2. Methods
Scanning electron micrographs were taken 

for the surface morphology analysis of PC and 
HNO3-PC (SEM Hitachi 4700 microscope). 
Infrared spectra (Perkin – Elmer infrared 
spectrophotometer) were obtained using a Nicolet 
Nexus 470 FTIR spectrometer in the 4000–500 
cm-1 region in transmission mode and IR samples 
were prepared in the form of pellets with KBr 
at ambient conditions. The specific surface area 
and porosity measurements of the PC and HNO3-
PC were carried out using adsorption isotherms 
obtained from the Micromeritics BET ASTP 2010 
surface area and a porosity analyzer 27 at 77±0.5K 
under gas nitrogen atmosphere as well as by 
using the BET equation. The elemental analysis 
was performed using an elementary analyzer 
(Elementar Analysensysteme GmbH, Germany), 
and provided composition information of the PC 
and HNO3-PC in terms of the weight fraction (wt 
%) of contained elements including carbon (C), 
hydrogen (H), oxygen (O), and nitrogen (N). 
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2.3. Design system for CO2 adsorption 
experiments 

Fig. 1 shows the CO2 adsorption experimental 
setup. The system consisted of three parts: an 
adiabatic sorption column, a gaseous mixture 
system for controlling the composition and 
temperature of gaseous mixture, and a CO2 
analyzer. The temperature of the adsorption 
column could be adjusted and maintained at a 
constant value with an accuracy of ±0.05oC. In 
the adsorption experiments, 0.5 g of adsorbent 
was packed in the adsorption column (inner 
diameter (I.D) 2cm * length (L) 25cm). The 
composition of the gaseous mixture was adjusted 

and controlled by a mass flow controller (MFC) 
which simultaneously controlled the flowrates of 
the two gases in the mixing chamber: CO2 and N2. 

The PC and HNO3-PC were first dried at 100oC 
in pure N2 for 120 min to remove moisture and/
or other gases and then cooled down to the room 
temperature (20±1oC). After the temperature was 
stabilized, a mixture of CO2 and N2 was introduced 
into the sample chamber by using the MFC 
and the sample weight was recorded in order to 
calculate the CO2 uptake. The CO2 concentrations 
before and after passing the adsorption bed were 
monitored by an on-line CO2 analyzer (Alpha 
Omega Instrument series 9610).

Fig. 1. Designing system for CO2 adsorption process

3. Results and Discussion 

3. 1. Scanning Electron Microscopy (SEM)
Fig. 2a & 2b showed the SEM images of the 

PC and HNO3-PC in this study. It can be observed 
that the surface morphology of PC biomass is so 
different as compared to the HNO3-PC. The surface 

morphology of PC (Fig. 2a) was smooth with 
regular edges.  However, the surface morphology 
of HNO3-PC appeared with number of pores (Fig. 
2b). The increasing in the number of pores in the 
HNO3-PC will potentially increase the specific 
surface area and pore volume of PC [9-11]. 
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Fig. 2.SEM analysis of (a): PC; (b): HNO3-PC

3.2. Fourier-Transformed Infrared (FTIR) 
Spectroscopy analysis

The FTIR analysis used to determine the 
functional groups which presented in the PC 
and HNO3-PC. Fig. 3a & 3b showed the result 
of FITR spectra of the PC and HNO3-PC in the 
range of 500-400 cm-1. A wide band located in the 
range of 3200-3450 cm-1 was identified and taken 
to represent the stretch peak of hydroxyl groups 
associated with hydrogen bonding. The band at 
1700-1650 cm-1 was indicative of a stretching 
vibration of C=O bonds associated with carboxylic 
acids or esters present in the PC biomass. A band at 
approximately 2900 cm-1 corresponded to a C–H 
vibration. The infrared spectra of the HNO3-PC 
showed similar characteristics to PC. However, 
there was a substantial increase in peak intensity 
of C=O peak absorbance and shrinking of the 
hydroxyl group absorbance in the HNO3-PC. The 
HNO3-PC appeared a strong adsorption band at 
700 cm-1, which can be assigned by stretching of 
polar nitro functional groups (NO2). 

In general, the surface chemistry and pore 
structure of adsorbents had highly effect on 
the adsorption process. The surface chemistry 
of adsorbents, particularly surface oxygen 
complexes, is a very important factor that affects 
their applications as adsorbent supports for 

CO2 capture [12]. The surface oxygen complexes 
of porous PC and HNO3-PC effectively provide 
electron-rich properties, which can enhance the 
interaction between the surface of absorbents 
and CO2 due to the introduction of various polar 
groups, such as hydroxyl (OH), nitrogen (NO2) 
and carboxyl (COOH) groups. Therefore, the 
increasing in polar functional groups including 
COOH and NO2 can be effective in improvement 
of CO2 adsorption capacity using HNO3-PC. 

Fig. 3. FTIR analysis (a): PC; (b): HNO3-PC

3.3. Specific surface area analysis 
Table 1 showed the surface area and elemental 

composition analysis of the PC and HNO3-PC. 
It was observed that the specific surface area 
and total pore volume of HNO3-PC (180.85 m2/g 
and 0.48 cm3/g, respectively) greatly increased 
as compare to PC (51.24 m2/g and 0.16 cm3/g, 
respectively). This may be due to the effect of 
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the enlargement of small pores and the resulting 
collapse of partial porous structure, which offsets 
the contribution of the creation of new pores. 
In adsorption process, the increase in specific 
surface area of HNO3-PC leads to increase 
adsorption performance of CO2. 

The elemental analysis showed that besides 
the dominant carbon, the PC also contain 
oxygen (48.19%), hydrogen (6.78%) and 

nitrogen (0.97%). The contents of these elements 
represented in the PC were changed after modified 
with HNO3. The oxygen and nitrogen contents 
much increased at 50.47 and 5.2%, respectively. 
The result indicated that more fractions of 
oxygenated functional groups such as carboxylic 
and NO2 were developed on the HNO3-PC and 
which would be contributed to increasing CO2 
adsorption capacity.

Table 1. Chemical composition and specific surface area of PC and HNO3-PC

Adsorbent S BET (m2/g) Vt pores (cm3/g)
Elemental composition

C H O N

PC 51.24 0.16 44.06 6.78 48.19 0.97

HNO3-PC 180.85 0.48 38.12 6.21 50.47 5.2 

3.4. CO2 adsorption experiments
Adsorption capacity and selectivity on the 

PC and HNO3-PC
In order to evaluate adsorbents (PC and HNO3-

PC), CO2 adsorption isotherm and selectivity 
over N2 were conducted.  Fig. 4a & 4b presented 
the adsorption isotherms of CO2 at 20, 40 and 
60°C on PC and HNO3-PC. 

The HNO3-PC exhibits a much more curved 
isotherm than the PC. The highest CO2 uptake 
capacity at 1 atm and 20oC on PC was 1.6 mmol/g, 
while the corresponding for HNO3-PC is 3.92 
mmol/g at 60oC. This high CO2 adsorption by 
HNO3-PC is explained based on the introduction of 
polar functional groups onto the surface of HNO3-
PC, leading to more ease to interact with CO2. 

Fig. 4 a. Adsorption isotherm of CO2 on PC 
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Fig. 4 b. Adsorption isotherm of CO2 on HNO3-PC 

CO2 adsorption selectivity 
The CO2 and N2 are the two main components 

of flue gas and there are commonly used to 
investigate the adsorption selectivity of adsorbent 
[25-30]. 

The adsorption selectivity of CO2 versus N2 
gas is defined as shown in the equation (2): 

Selectivity =  (
𝑞𝑞1
 𝑞𝑞2

/
𝑝𝑝1
𝑝𝑝2

 )     (2)

where qi is the uptake and pi is the partial pressure 
of component i.

The equilibrium selectivity of CO2 over N2 by 
PC and HNO3-PC were calculated and presented 
in Table 2. The adsorption selectivity of CO2 
over N2 by HNO3-PC increased (18.8-36.8) as 
the temperature was increased from 20 to 60oC. 
It would be explained based on the interaction 
between CO2 and HNO3-PC was mostly followed 
by chemisorption, leading to increased adsorption 
selectivity with increasing the temperature. 
However, the adsorption selectivity of CO2/N2 
by PC decreased from 14.7 to 9.2 as temperature 
increased up to 60oC. The interaction of CO2 and 
PC was mainly followed by physisorption, thus 
decreased adsorption selectivity with increasing 
temperature. 

Table 2. Adsorption selectivity of CO2 over N2 
by PC and HNO3-PC

Adsorbent Selectivity CO2/N2

20oC 40oC 60oC

PC 14.7 11.5 9.2

HNO3-PC 1.9 29.1 36.8

4.  Conclusion 
This study investigated the potential application 

of PC biomass and HNO3-PC as an adsorbent for 
capturing CO2 in the air. The adsorption capacity 
of CO2 using PC was 1.6 mmol/g while the 
HNO3-PC exhibits the CO2 adsorption capacity 
of 3.9 mmol/g, respectively.  The high adsorption 
capacity of CO2 by using HNO3-PC attributed to 
both high surface area and polar functional groups. 
Based on these findings, the available PC biomass 
in Korea, as well as HNO3-PC could be utilized 
as promising low-cost adsorbent for capturing of 
CO2 in the air. 
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Abstract
The essential oils from the aerial parts, leaves, flowers, and stems of Centratherum punctatum growing wild in Da Nang, 
Vietnam, were obtained by hydrodistillation and analyzed by gas chromatography – mass spectrometry. The essential oils were 
dominated by sesquiterpene hydrocarbons (86.1-92.7%), including β-caryophyllene (25.4-28.3%), cyclosativene (3.6-4.6%), 
α-copaene (5.5-6.8%), trans-α-bergamotene (4.6-5.6%), (Z)-β-farnesene (6.8-8.4%), α-humulene (6.2-6.9%), germacrene D 
(5.8-9.7%), bicyclogermacrene (2.2-4.2%), and δ-cadinene (3.3-7.0%). The essential oil from aerial parts have been screened 
for mosquito larvicidal activity against Aedes albopictus and Culex quinquefasciatus. The essential oil showed strong larvicidal 
activity against Ae. albopictus (24-h LC50 21.9) and Cx. quinquefasciatus (24-h LC50 = 61.135 µg/mL).
Keywords: Centratherum intermedium, essential oil, Aedes albopictus, Culex quinquefasciatus.

Tóm tắt
Tinh dầu từ các bộ phận trên mặt đất, lá, hoa và thân của loài cúc sợi tím (Centratherum punctatum) mọc hoang tại Đà 
Nẵng thu được bằng phương pháp chưng cất lôi cuốn hơi nước và phân tích thành phần hóa học bằng phương pháp sắc 
ký khí ghép khối phổ (GC-MS). Thành phần tinh dầu chiếm chủ yếu là các sesquiterpene hydrocarbon (86.1-92.7%), gồm 
β-caryophyllene (25.4-28.3%), cyclosativene (3.6-4.6%), α-copaene (5.5-6.8%), trans-α-bergamotene (4.6-5.6%), (Z)-β-
farnesene (6.8-8.4%), α-humulene (6.2-6.9%), germacrene D (5.8-9.7%), bicyclogermacrene (2.2-4.2%), và δ-cadinene 
(3.3-7.0%). Tinh dầu thu được từ các phần trên mặt đất đã được thử nghiệm hoạt tính độc cấp tính chống lại bọ gậy của 
hai loài muỗi Aedes albopictus và Culex quinquefasciatus. Tinh dầu đã thể hiện hoạt tính diệt bọ gậy mạnh mẽ chống lại 
Ae. albopictus (24-h LC50 21,9) và Cx. quinquefasciatus (24-h LC50 = 61,135 µg/mL).
Từ khóa: Centratherum intermedium, tinh dầu, Aedes albopictus, Culex quinquefasciatus.
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1. Introduction
Aedes albopictus (Skuse) (Diptera: Culicidae 

are important vectors of arboviral infections, 

including yellow fever, dengue, Zika, and 
chikungunya [1–3]. Vietnam is classified as a 
hyperendemic dengue country, with all four 
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dengue serotypes present throughout the year [4]. 
In the last half century, dengue fever epidemics 
have increased in frequency, corresponding to a 
median annual incidence of 232 cases per 100,000 
people [4]. Furthermore, chikungunya is expected 
to become a major health threat in Vietnam in 
the near future [4,5]. Culex quinquefasciatus 
Say (Diptera: Culicidae), the southern house 
mosquito, is a vector of lymphatic filariasis [6] 
as well as several arboviruses such as West Nile 
virus and St. Louis encephalitis virus [7] and 
possibly Zika virus [8].  

Vector control is one of the primary approaches 
to reduce the spread of arboviral infections. 
However, current methods for controlling 
Aedes mosquitoes have been largely ineffective 
[9]. Botanical insecticides in general [7,8] and 
essential oils in particular [9,10] have emerged as 
promising, environmentally friendly alternatives 
to synthetic pesticides for mosquito control.

Centratherum punctatum Cass. (syn. C. 
intermedium (Link) Less.) is native to the 
Neotropics, from Mexico [11] through Paraguay 
[12] and northern Argentina [13]. The plant has 
been introduced as an ornamental to topical 
regions worldwide but has escaped cultivation 
and is considered an invasive pest in Hawaii 
[14], the Galápagos [15], Australia [16], and 
Vietnam [17]. In Vietnam, C. punctatum is 
found throughout the country, from urban to 
mountainous areas, for example, Nui Coc Lake 
(Thai Nguyen province), and Bach Ma National 
Park (Thua Thien-Hue province) [18]. This 
species is also found in Thailand and Indonesia. A 
bath prepared from a decoction of C. punctatum 
is used to bathe women after childbirth. 

2. Materials and Methods

2.1. Plant material
Aerial parts of C. punctatum were collected from 

plants growing in Hoa Vang district, Da Nang city 
(16o01’0.6’’ N, 108o4’25.6’’ E) in April 2018. 
These plants were identified by Dr. Do Ngoc 

Dai, and voucher specimens (LTH129) have 
been deposited in School of Natural Sciences 
Education, Vinh University. Fresh plant 
materials (leaves, stems, and flowers) were kept 
at room temperature (≈25OC), and 2 kg samples 
of each of the plant materials were shredded and 
hydrodistilled for 4 hours using a Clevenger type 
apparatus.

2.2. Gas chromatographic-Mass spectral 
analysis

Each of the C. punctatum essential oils 
was analyzed by gas chromatography–mass 
spectrometry (GC-MS) using a Shimadzu 
GCMS-QP2010 Ultra operated in the electron 
impact (EI) mode (electron energy = 70 eV), 
scan range = 40–400 atomic mass units, scan rate 
= 3.0 scans/s, and GC–MS solution software. 
The GC column was a ZB-5 fused silica capillary 
column with a (5% phenyl)-polymethylsiloxane 
stationary phase and a film thickness of 0.25 µm. 
The carrier gas was helium with a column head 
pressure of 552 kPa and flow rate of 1.37mL/
min. The inject or temperature was 250 ◦C and 
the ion source temperature was 200 ◦C. The GC 
oven temperature program was programmed 
to have an initial temperature of 50 ◦C, and 
the temperature increased at a rate of 2 ◦C/min 
to 260 ◦C. A 5% w/v solution of the sample in 
CH2Cl2 was prepared, and 0.1 µL was injected 
with a splitting mode (30:1). Identification of 
the oil components was based on their retention 
indices determined by reference to a homologous 
series of n-alkanes, and by comparison of their 
mass spectral fragmentation patterns with those 
reported in the literature [19] and stored in-house 
Sat-Set library [20].

2.3. Mosquito larvicidal assay
Wild larvae of Ae. albopictus and Culex 

quinquefasciatus (Say) were collected from 
Hoa Khanh Nam district (16o3’14.9” N, 
108o9’31.2” E). For the assay, aliquots of the 
aerial parts (leaves and stems) and essential oils 
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of C. punctatum dissolved in dimethylsulfoxide 
(DMSO) (1% stock solution of essential oil in 
DMSO) were placed in 500 mL beakers and added 
to water that contained 25 larvae (fourth instar). 
With each experiment, a set of controls using 
DMSO was also run for comparison. Mortality 
was recorded after 24 hours and again after 48 
hours of exposure, during which no nutritional 
supplement was added. The experiments were 
carried out at 25 ± 2 ◦C. Each test was conducted 
with four replicates with six concentrations (150, 
100, 50, 25, 12.5µg/mL). Permethrin was used as 
a positive control.

2.4. Data analysis
It was shown through experimental testing 

that over 20% of the controlled mortality was 
discharged and repeated. When the level of 
controlled mortality was at 1–20%, the observed 
mortality was corrected by Abbott’s formula 
(Abbott, 1925). Using probity analysis, the LC50 
and LC90 regression equations, as well as a 95% 
confidence limits, were then calculated [21]. 

3. Results and discussion
The essential oils, obtained as colorless, with 

mild pleasant aromas, were obtained in yields of 
0.43% (v/w; aerial parts); 0.52% (v/w; leaves), 
0.17% (v/w; stems), and 0.23% (v/w; flowers), 
calculated on a dry weight basis.

3.1. Essential oil compositions
The chemical compositions from the aerial 

parts, leaves, flowers, and stems of C. punctatum 
are compiled in Table 1. A total of 115 compounds 
were identified in the essential oils accounting for 
99.8, 99.7, 98.7, and 98.7% of the compositions, 
respectively. Sesquiterpene hydrocarbons 
dominated all essential oil samples from this 
plant species. The most abundant component was 
β-caryophyllene (25.4-28.3%), but cyclosativene 
(3.6-4.6%), α-copaene (5.5-6.8%), trans-α-
bergamotene (4.6-5.6%), (Z)-β-farnesene (6.8-
8.4%), α-humulene (6.2-6.9%), germacrene D 
(5.8-9.7%), bicyclogermacrene (2.2-4.2%), and 
δ-cadinene (3.3-7.0%), were also abundant.

Table 1: Chemical compositions of essential oils from Centratherum punctatum growing wild in Da Nang

RI Compound aerial parts leaves Flowers stems
931 α-Pinene 0.1 0.1 - ---
970 Sabinene 0.1 0.1 - trb

976 β-Pinene 0.1 0.1 - tr
987 Myrcene 0.1 0.1 - ---
1023 p-Cymene - tr - ---
1028 Limonene - - - tr
1044 (E)-β-Ocimene 0.2 0.2 - tr
1098 Isopentyl 2-methyl butanoate tr tr - tr
1103 Nonanal - --- tr ---
1205 Decanal - --- tr ---
1229 (3Z)-Hexenyl 2-methylbutanoate tr 0.1 tr tr
1234 (3Z)-Hexenyl 3-methylbutanoate - tr --- ---
1287 Dihydroedulan IA --- --- tr ---
1330 Bicycloelemene 0.2 0.3 0.2 0.1
1333 Silphiperfol-5-ene --- --- 0.1 0.1
1334 δ-Elemene 0.2 0.2 --- ---
1342 7-epi-Silphiperfol-5-ene --- tr tr ---
1345 α-Cubebene 0.1 0.1 0.1 0.1
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1369 Cyclosativene 4.5 4.5 3.6 4.6
1375 α-Copaene 6.7 6.8 5.5 6.7
1382 β-Bourbonene 1.0 0.7 0.6 0.7
1386 7-epi-Sesquithujene 0.5 0.5 0.4 0.5
1388 β-Elemene 0.8 0.8 0.7 0.7
1391 Sativene 0.1 0.1 --- 0.1
1401 Cyperene 0.1 --- tr ---
1401 Sesquithujene --- tr --- tr
1404 Ylanga-2,4(15)-diene 0.1 0.1 0.1 0.1
1405 β-Maaliene 0.8 0.9 0.6 0.7
1410 α-Gurjunene tr tr --- ---
1411 cis-α-Bergamotene 0.1 0.1 0.1 0.1
1419 β-Caryophyllene 25.0 25.6 25.4 28.3
1429 β-Gurjunene 0.9 0.8 0.7 0.7
1432 trans-α-Bergamotene 4.6 5.2 4.6 5.6
1434 α-Guaiene 0.4 0.4 0.4 0.5
1437 Aromadendrene 0.1 0.2 0.1 ---
1440 (Z)-β-Farnesene 6.9 8.1 6.8 8.4
1443 cis-Muurola-3,5-dine 0.1 --- 0.1 ---
1444 Myltayl-4(12)-ene + Isopentyl octanoate tr 0.1 0.2 0.2
1448 trans-Muurola-3,5-diene 0.2 0.2 0.2 0.2
1451 (E)-β-Farnesene 1.5 2.0 0.7 1.5
1451 Sesquisabinene --- --- 0.7 ---
1454 α-Humulene 6.8 6.8 6.2 6.9
1459 Alloaromadendrene 0.6 0.5 0.7 0.4
1461 cis-Cadina-1(6),4-diene 0.1 0.1 0.1 tr
1467 9-epi-(E)-Caryophyllene 0.1 --- --- ---
1471 Dauca-5,8-diene 0.3 0.2 --- ---
1471 γ-Gurjunene --- --- 0.2 0.2
1474 trans-Cadina-1(6),4-diene 0.7 0.6 0.7 0.6
1476 γ-Curcumene 0.4 0.4 0.3 0.2
1481 Germacrene D 8.6 9.7 6.4 5.8
1483 (Z,Z)-α-Farnesene 2.7 2.8 2.9 3.1
1485 δ-Selinene 0.1 0.1 0.1 ---
1488 β-Selinene 1.8 1.5 1.8 1.6
1490 α-Selinene --- 0.3 --- 0.2
1491 trans-Muurola-4(14),5-diene 0.8 0.5 0.6 0.3
1494 Bicyclogermacrene 3.9 4.2 3.0 2.2
1497 α-Muurolene 1.3 1.1 1.2 1.0
1500 α-Bulnesene 0.2 0.2 0.3 0.1
1505 β-Bisabolene 0.1 0.1 0.2 0.1
1507 β-Curcumene 0.6 0.5 0.3 0.2
1511 δ-Amorphene 0.6 0.4 0.6 0.5
1513 Cubebol 0.1 0.1 0.1 0.1
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1517 δ-Cadinene 5.6 4.0 7.0 3.3
1520 trans-Calamenene 0.2 0.2 0.3 0.3
1522 β-Sesquiphellandrene 0.5 0.4 0.5 0.4
1525 (E)-γ-Bisabolene tr tr --- ---
1531 trans-Cadina-1,4-diene 0.1 0.1 0.1 ---
1535 α-Cadinene 0.1 0.1 0.1 0.1
1539 α-Calacorene 0.3 0.2 0.4 0.3
1541 cis-Sesquisabinene-hydrate 0.2 0.2 0.3 0.2
1546 Elemol tr tr --- ---
1549 Isocaryophyllene oxide --- --- 0.1 0.2
1553 Humulene epoxide I 0.1 --- --- ---
1557 Germacrene B tr --- --- ---
1559 (E)-Nerolidol tr 0.2 0.2 0.2
1560 β-Calcorene 0.1 0.1 0.2 0.3
1566 1,5- Epoxysalvial-4(14)-ene --- --- --- 0.1
1568 Caryophyllenol --- --- 0.1 0.1
1569 Palustrol tr tr --- ---
1571 Sesquirosefuran 0.1 --- 0.1 ---
1575 Spathulenol 0.7 0.6 0.9 1.2
1577 trans-Sesquisabinene hydrate 0.1 0.1 --- ---
1581 Caryophyllene oxide 2.0 1.4 3.1 3.3
1584 Globulol 0.1 0.4 0.4 0.4
1592 Viridiflorol 1.3 1.2 1.9 1.2
1594 Guaiol 0.1 --- 0.1 ---
1594 Cubeban-11-ol --- --- --- 0.1
1597 cis-Bisabol-11-ol tr --- --- ---
1602 Ledol 0.3 0.2 0.4 0.3
1605 5-epi-7-epi-α-Eudesmol + β-Oplopenone tr tr 0.1 0.1
1608 Humulene epoxide II 0.3 0.2 0.4 0.4
1611 5-epi-7-epi-β-Eudesmol 0.1 0.1 0.2 0.1
1613 1,10-di-epi-Cubenol 0.1 --- --- ---
1624 Muurola-4,10(14)-dien-1β-ol 0.2 0.1 0.3 0.1
1626 1-epi-Cubenol 0.2 0.2 0.2 0.2
1630 iso-Spathulenol 0.3 0.2 0.4 0.3
1635 Caryophylla-4(12),8(13)-dien-5β-ol 0.3 0.2 0.4 0.2
1640 epi-α-Cadinol 0.1 0.1 0.2 0.1
1642 epi-α-Muurolol 0.1 0.1 0.2 0.1
1644 δ-Cadinol 0.1 0.1 0.2 0.2
1653 α-Cadinol 0.4 0.3 0.6 0.5
1656 Pogostol 0.1 0.1 0.2 0.2
1663 cis-Calamenen-10-ol --- --- tr ---
1663 Selin-11-en-4β-ol tr tr tr ---
1668 14-Hydroxy-9-epi-(E)-caryophyllene --- --- 0.5 0.2
1669 epi-β-Bisabolol 0.3 0.3 --- ---
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1683 α-Bisabolol 0.1 0.1 0.1 0.1
1688 Eudesma-4(15),7-dien-1β-ol tr --- --- ---
1713 Pentadecanal 0.1 --- 0.2 ---
1739 Aromadendrane-4,10-diol --- tr 0.1 0.2
1822 Methandrostenolone --- tr 0.1 0.2
1838 Phytone --- --- 0.2 ---
1838 α-Chenopodiol --- --- --- 0.1
1859 Platambin --- tr 0.1 0.2
2104 Phytol --- tr 0.1 ---

Monoterpene hydrocarbons 0.6 0.7 0.0 0.0
Oxygenated monoterpenoids 0.0 0.0 0.0 0.0
Sesquiterpene hydrocarbons 91.3 92.7 86.1 87.9
Oxygenated sesquiterpenoids 7.9 6.3 12.2 10.4

Others 0.1 0.1 0.6 0.4
Total identified 99.8 99.7 98.7 98.7

The high concentration of sesquiterpene 
hydrocarbons is consistent with previously 
published reports from Brazil and from Nigeria. 
The essential oil from the flowering parts of C. 
punctatum from Fortaleza, Ceará, northeastern 
Brazil, was composed largely of sesquiterpenes, 
including δ-cadinene (17.9%), β-caryophyllene 
(11.1%), γ-cadinene (8.6%), germacrene D 
(5.7%), and α-copaene (5.6%), in addition 
to the monoterpene β-pinene (9.1%) [22]. A 
sesquiterpene-rich essential oil from the leaves and 
flowering tops of C. punctatum from Araraquara, 
São Paulo, Brazil, has also been reported [23], but 
unfortunately, too few components were identified 
for useful comparison. The major components in the 

leaf essential oil of C. punctatum growing in Nigeria 
were β-caryophyllene   (16.6%),   globulol   (5.7%),   
germacrene D (6.4%), α-copaene (5.3%), (Z)-β-
farnesene (reported as sesquisabinene, but the RI is 
more consistent with (Z)-β- farnesene), δ-cadinene 
(4.7%), and α-humulene (4.1%) [24]. In another 
report, the essential oil from the aerial parts (herb) 
of C. punctatum from Nigeria was also dominated 
by sesquiterpene hydrocarbons, β-caryophyllene 
(27.4%), α- humulene (7.0%), δ-cadinene (6.6%), 
germacrene D (5.9%), and α-copaene (5.0%) [25].

3.2. Mosquito larvicidal activities
The essential oils from the aerial parts of C. 

punctatum collected from Da Nang were screened 
for mosquito larvicidal activity (see Tables 2). 

Table 2. Mosquito larvicidal activity of Centratherum punctatum aerial parts (leaves and stems) essential oil.

Mosquitoes Percentage 
of 

mortality

Observed 
Responses

Number of 
exposed 

larva

Concentration 
(µg/mL)

LC50
(µg/mL)a

LC90
(µg/mL)a

χ2 

Cx. 
quinquefasciatus

5 4 80 12.5 60.135
(50.392 – 
74.985)

250.434
(171.422 – 
455.647)

0.932

20 16 80 25

33.75 27 80 50

53.75 43 80 100

100 80 80 150

0 0 80 0
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Ae. albopictus 20 16 80 12.5 21.90
(18.929 – 
25.070)

58.584
(47.047 – 
82.524)

0.795

42.5 34 80 25

70 56 80 50

100 80 80 100

100 80 80 150

0 0 80 0

a 95% Confidence interval

Table 3. Mosquito larvicidal activity of permethrin

Mosquitoes Treatment 
Time

LC50, µg/mL 
b (Fiducial 

Limits)

LC90, µg/mL 
b (Fiducial 

Limits)

Regression Equation χ2 p

Ae. Albopictus 24 h 0.0023 
(0.0021–
0.0026) 

0.0042 
(0.0038–
0.0049)

y = -1.628 + 686.9x 4.73 0.03

Cx. 
Quinquefasciatus

24 h 0.0167 
(0.0152–
0.0183) 

0.0294 
(0.0270–
0.0326)

y = -2.292 + 121.6x 26.62 < 0.001

b There was no mortality in the DMSO controls.

The essential oils from the aerial parts 
of Centratherum punctatum showed strong 
larvicidal activity against Ae. albopictus. The 24 
h LC50 value was 21.90 µg/mL, which compared 
very favorably with other essential oils reported 
in the literature against this species [26–28].

The major components of C. punctatum aerial 
parts essential oil, β-caryophyllene, α-copaene, and 

α-humulene, germacrene D, have all shown good 
mosquito larvicidal activity (see Table 4).  The LC50 

values for β-caryophyllene average around 38.6 and 
44.7 μg/mL against Ae. aegypti and Ae. albopictus, 
respectively, but is higher (95 μg/mL) against Cx. 
quinquefasciatus [29].  β-Caryophyllene has shown 
LC50 of 38.6 and 39.5 μg/mL against Ae. aegypti 
and Ae. albopictus, respectively [30]. 

Table 4. Mosquito Larvicidal activities (24-h LC50) of essential oil components against various 
mosquito species.

Compounds Mosquito species LC50 (μg/mL) Ref.
β-caryophyllene Ae. albopictus 44.77 [31]

Ae. albopictus 39.52 [30]
A. aegypti 88.3 [32]
A. aegypti 38.58 [30]
Culex tritaeniorhynchus 48.17 [31]
Culex pipiens pallens 93.65 [32]
Culex pipiens pallens 47.79 [30]

α-Copaene; β-caryophyllene A. aegypti 24 [33]
δ-cadinene An. gambiae 34 [34]
δ-Cadinene; (E)-caryophyllen A. aegypti 63 [35]
β-Caryophyllene; α-humulene A. aegypti 18 [36]
Germacrene D; β-caryophyllene A. aegypti 28 [37]
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The larvicidal activities of C. punctatum 
essential oil can be attributed to the high 
concentrations of β-caryophyllene. However, 
synergy between essential oil components 
may also be important [38,39]. Scalerandi 
and coworkers have demonstrated that Musca 
domestica preferentially metabolizes the major 
components in an essential oil while leaving the 
components of lower concentrations to act as 
toxicants [40].

4. Conclusions
Mosquito larvicidal screening of Centratherum 

punctatum indicates good larvicidal activity, 
which can be attributed to their major components. 
Thus, this work provides evidence that otherwise 
noxious introduced weeds might provide low-
cost vector control agents to prevent the spread 
of arboviral infections in Vietnam. 
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Abstract
Azoalkenes are useful intermediates in the preparation of numerous azo-heterocyclic systems through cycloaddition 
reactions. This mini review discusses a few examples of azoalkens in hetero-cycloaddition, focusing on the chemical 
reactivity that can be utilized for versatile building blocks in organic synthesis. These species have been used for the 
assembly of various heterocyclic systems, spanning from five- to seven-membered heterocycles.

Keywords: Azoalkene, cycloaddition, heterocycles.

Tóm tắt 
Các azoalkene là những chất trung gian chìa khóa trong phản ứng điều chế các hệ thống dị vòng nitơ thông qua các phản 
ứng đóng vòng. Bài tổng quan này thảo luận một vài ví dụ của các phản ứng đóng vòng này, nhấn mạnh hoạt tính hóa học 
của azoalkene trong việc tạo ra các cấu trúc với nhiều ứng dụng trong tổng hợp hữu cơ. Các azoalkene đã được sử dụng 
để hình thành nên nhiều hệ thống dị vòng bao gồm các vòng 5, 6, và 7. 

Từ khóa: Azoalkene, đóng vòng, dị vòng.

1. Introduction
Azoalkenes have received much interest in 

recent decades since they are useful intermediates 
in the preparation of numerous aza-heterocyclic 
systems through hetero-cycloaddition reactions 
[1-7]. The strong electrophilic property of these 
species is resulted from N=N moiety. The cyclo-
adducts are very useful for pharmacological 
studies and organic synthesis [8]. The physical 
properties and stabilities of azoalkene species are 
largely determined by the electron-withdrawing 
or –donating character of the substituents. 

Electron-deficient azoalkenes are typically 
unstable and are generated in situ, whereas the 
electron-sufficient ones can be isolated and 
characterized. The most common method for the 
preparation of azoalkenes is dehydrohalogenation 
of α-hydrazones with TEMPO, I2, or HgO [9-
11]. Being inspired by recently excellent review 
[12,13], this mini review briefly describes the 
preparation of azoalkene species and their 
reactivity toward various cycloaddition reactions 
including [4+2], [4+1], [4+3], and [3+2] 
cycloadditions.   
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2. Preparation of azoalkene species
Azoalkenes are typically reactive species.  

Therefore, their isolation is usually difficult.  They 
can be generated in situ from dehalogenation 
of α-halo hydrazones or α-haloazo compounds 
(1 → 3 and 2 → 3).  Another way to prepare 

azoalkenes is by the deprotonation of α,β-
epoxyhydrazones followed by ring opening 
of the epoxide (4 → 5).  This gives rise to an 
intermediate that is susceptible to Eschenmoser-
Tanabe fragmentation producing aldehyde 6 and 
alkyne moiety 7 [14,15].  

Scheme 1. Preparation of azoalkenes

3. [4+2] Cycloaddition
The α-alkylation of ketones via azoalkenes is 

also well-established in the context of cycloaddition. 
One of the first [4+2] cycloadditions of an electron-

deficient azoalkene and electron-rich alkenes was 
reported in the late 1970s by Sommer [16]. The 
cyclo-adducts (1,4,5,6-tetrahydropyridazine, 9) 
was synthesized in good yield.  

Scheme 2. [4+2] cycloaddition of an electron-deficient azoalkene and electron-rich alkenes

In 1979 Gilchrist et al. reported another 
cycloadditon of azoalkene species (10), generated 
in situ from α-chloroacetophenone hydrazones, 
with cyclopentadiene and furan [17].  Azoalkenes 
bearing electron-withdrawing group on the azo 
group or electron-rich dienes facilitated the 

cycloaddition and generated the pyridazine 
derivatives (11) in good yields.  In 1991, 
Roberts et al. reported a similar cycloaddition 
of in situ generated azoalkenes with alkenes and 
heterocycles in the presence of sodium carbonate 
(12 → 13) [18]. 
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Scheme 3. [4+2] cycloaddition of electron-deficient azoalkenes and electron-rich alkenes by Gilchrist et al.

Scheme 4. [4+2] cycloaddition of electron-deficient azoalkenes and electron-rich alkenes 
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Azoalkenes (16), generated in situ from 
α-choloroazo compounds (15), underwent 
reaction with olefins to form adducts (17) in good 
yield [19]. In this process, the phenyl hydrazones 
of ketones were treated with chloramine-T in 

ethanol and formed α-choloroazo compounds 
(14 → 15), followed by dehydrohalogenation 
to form azoalkenes (15 → 16).  Cycloaddition 
of the azoalkenes with olefins produced 
tetrahydropyridazines (16 → 17).  

Scheme 5. [4+2] cycloaddition of electron-deficient azoalkenes and electron-rich alkenes

In 2014 Wang et al. reported the copper-
catalyzed asymmetric aza-Diels-Alder reactions 
of an in situ generated azoalkene (18) and indoles 
(19) to generate tetrahydropyridazine derivatives 
(20) [20].  Using a chiral nonracemic ligand and 

copper (I) as a chelating metal to the azoalkene, 
the cycloaddtion of this azoalkene with indoles 
generated adducts with excellent yields and high 
levels of enantioselectivity. 

Scheme 6. Catalytic asymmetric aza-Diels-Alder reactions of an azoalkene with indoles 

4. [4+1], [4+3], and [3+2] Cycloaddition
The copper-catalyzed asymmetric [4+1] 

cycloaddition of in situ generated azoalkenes with 
sulfur ylides to produce dihydropyrazole derivatives 
was reported in 2012 by Bolm et al. (21 → 22) [21].  

In the presence of base (Na2CO3), α-halo hydrazones 
(21) underwent a dehydrohalogenation to form 
azoalkenes, which was presumably activated by 
Cu(OTf)2 complexed to the chiral nonracemic Tol-
BINAP ligand (L).  The cycloaddition of the activated 
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azoalkenes with ylides produced synthetically and 
biologically important dihydropyrazoles (22) in 

good yields (83-97%) with high enantioselectivitives 
(up to 97:3 er).

Scheme 7. Asymmetric [4+1] cycloaddition of in situ-derived azoalkenes with sulfur ylides

The enantioselective [4+3] annulation 
reactions between enals and in situ formed 
azoalkenes was reported in 2014 by Glorius et 
al (23 → 24) [22]. This organocatalysis process, 

catalyzed by an N-heterocyclic carbene generated 
from Precatalyst (Scheme 8), produced a diverse 
set of 1,2-diazepine derivatives (24) in good 
yields with excellent enantioselectivities.  

Scheme 8. Asymmetric [4+3] cycloaddition of in situ-derived azoalkenes with enals

In 1982 Attanassi et al. reported [3+2] 
cycloadditions of azoalkenes and methylene 
activated compounds (e.g. β-ketoamide, 
β-nitrilamide), generating pyrrole derivatives (25 
→ 27) [23].  In this process, treatment of acyclic 
or cylic azoalkenes (25) with β-ketoamides in 

the present of CuCl2 produced the 1,4-adducts 
(26), which underwent the intramolecular 
condensation to form pyrrole derivatives (27).  
A similar process using the cyclic system was 
reported by the same group in 2009 (28 → 30) 
[24].
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Scheme 9. [3+2] cycloaddition of azoalkenes and activated methylene compounds

5. Conclusion
This mini review has described the chemistry 

of azoalkenes as valuable scaffolds in hetero-
cycloaddition reactions. The reactions that were 
presented illustrate the versatility of these building 
blocks for the synthesis and functionalization 
of a wide range of invaluable heterocycles, 
including those with chiral derivatives. It should 
be noted that only a few examples of asymmetric 
hetero-cycloaddition have been reported in the 
literature. Given the significance of generating 
useful heterocycles which can be used for the 
synthesis of biologically active molecules, this is 
an area that should be received more attention.  
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Abstract
In order to gain a clear picture on the writing abilities of Duy Tan University’s English-majored students in paragraph 
composing, and thus, give proper solutions to the problems, this paper will focus on two main issues (1) to identify and 
study the reality of students’ learning in paragraph writing, and (2) to suggest some solutions to improving the teaching 
methods of writing 3, and composing skills in general for teachers of English.

Keywords: writing/composing, paragraph, skills, English-majored.

Tóm tắt
Để có cái nhìn rõ ràng về khả năng viết của sinh viên chuyên ngữ Đại học Duy Tân trong lĩnh vực soạn thảo đoạn văn và 
nhờ đó, có thể đưa ra được những giải pháp thích hợp cho vấn đề này; bài báo sẽ tập trung vào hai nội dung chính: (1) 
Xác định và nghiên cứu thực trạng khả năng học của sinh viên trong lĩnh vực viết đoạn văn, (2) Đưa ra giải pháp cải thiện 
phương pháp giảng dạy môn viết 3 nói riêng và kỹ năng viết nói chung cho giảng viên chuyên ngữ Anh.

Từ khóa: viết/soạn thảo, đoạn văn, kỹ năng, chuyên ngữ Anh.

1. Introduction
Nowadays, being good at four communicative 

skills is a must for all language learners in general 
and for those specializing in English in specific. 
However, according to the common fact, writing 
skills seem always an obstacle for most of them, 
as they cannot do it well, be good at it and get 
confident in it. 

It is a fact that students have had a lot of 
problems in learning this subject. Besides, their 
writing abilities are of different levels, depending 

on their knowledge - both in English and in 
cultural-social understanding, and personal 
interests. As a result, the problems they encounter 
and the challenges they face up are various, 
which makes a big obstacle for teachers of this 
skill in dealing with such a multi-level class.

Similarly, students at the department of 
Foreign Languages, Duy Tan University also have 
different and uneven abilities and skills in writing. 
In fact, they cannot grasp the technique of writing 
paragraphs, and make a lot of mistakes in every 
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aspect. For these reasons, this paper, “Paragraph 
Writing Ability of Second Year English-Majored 
Students, Duy Tan University”, will aim at getting 
a better and more proper method for the teaching 
and learning of writing skills at Department of 
Foreign Languages, Duy Tan University. 

2. Paragraph Writing Ability of Second 
Year English-Majored Students, Duy Tan 
University 

2.1. Methods of the Study
To implement this analysis properly, the author 

has applied the three methods of quantitative, 
qualitative and descriptive, which will be orderly 
described as follows:

2.1.1 The quantitative method
An investigation of the writing skills and 

abilities of second year students of English majored 
at DFL will be carried at first. At this stage, the 
number of various kinds of paragraph mistakes 
would be counted first. After that, all these faults 
should be classified into categories and estimated.

2.1.2 The qualitative and descriptive methods
Based on the quantitative data gotten from (1), 

the study will be carried out. Both the qualitative 
and descriptive methods will be applied to 
analyze the faults in writing of second year 
students at Duy Tan University. 

This method will be dealt with in different 
aspects. The theoretical background of writing, 
and English paragraphs as well as paragraph 
writing will be considered first. Some examples 
will be taken to illustrate this point. Then come 
the hypothesis, data interpretation and analysis. 
To make a thorough view, other examples will be 
analyzed to show up the causes and solutions for 
each kind of mistakes.

2.2. Paragraph writing ability of second year 
English-majored students at Duy Tan university

2.2.1. An overview from academic results
Since the first academic year of DFL, English 

- majored students at DTU have been taught with 

paragraph writing skills, as the course of writing 
3 has long been adopted to the requirements 
of the field and students’ abilities in English 
communication. From the general syllabus, the 
book “Wring Academic English” by A. Oshima 
was chosen as the course book, along with other 
referential materials for writing skills. 

To get a thorough view of students’ recorded 
performance in this subject, the author believes 
that the academic results should be the first thing 
to be shown and analyzed. For this aim, the final 
marks of students in five successive years, from 
2013 to 2017 (accordingly, from K18 to K22) 
were searched thoroughly. In the first year of 
2013, K18 had 4 classes, including about 100 
students. The next year, around 80 students of  
K19 were chosen. In the following year,  there 
were 4 classes of K20 with roughly 95 students 
to be taken into account; in 2016, K21 of DFL 
had 8 classes and around 220 students, and lately, 
K22 of 2017 gathered 210 students in 8 classes. 
The results are illustrated in the following chart:

Chart 1.: Academic results of first year students 
in writing 3 (2013-2017)

As clearly shown in chart 1, it is obvious that 
in 2013, students’ performance was rather good. 
The final result points out that only 92 students 
out of 100 passed this course, accounting for 
92.00%. However, the next two years witnessed 
a decrease in students’ performance when only 
61 students of K19 and 78 students of K20 had 
acceptable marks in this subject, accounting for 
76.25% and 82.11%, respectively.

Nonetheless, things went much better in 
the fourth year, when 92.72% of the total 220 
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students scored 4.0 or above. 2017 witnessed a 
slight fall in the number of successful students, 
with 92.38% students (194) passing this subject.

2.2.2. Students’ attitudes toward writing 3
A small survey among second – year students 

of English major at DFL, DTU about their 
attitudes in the class of writing 3 was carried 
out. The 500 subjects of this survey, who were 
randomly chosen in 5 successive years from 2013 
to 2017, were asked to fill in a questionnaire for 
their thinking and feelings of the courses, the 
book, the teachers, as well as their likes and 
dislikes about the field, and so on. 

For the general opinions about the subject, the 
teachers and the course book, as well as other 
materials in use in Writing 3, the results are 
summarized in chart 2:

Chart 2.: The level of difficulty of the subject

On the whole, not many students dared to 
think that this subject was simple, only 7% and 
11% of them considered this to be very easy and 
easy, respectively. Surprisingly, this rate is nearly 
the same with those who found it very difficult 
(17%). The majority told that this subject was 
difficult (43%), or just normal (22%).

More detailedly, students were also required 
to give their ideas on their involvement in class’ 
activities, as can be seen through Chart 3:

Chart 3.: Second year student’s involvement 
in writing class’ activities

Commonly, second-year students of English 
major are judged by many teachers as fairly 
motivated learners in every class, which can be 
illustrated in Chart 3. Most of them felt very 
interested in the lessons and appeared extremely 
likely in every class, writing included. In fact, 
57% of the subjects said “highly involved” and 
another 33% chose “normally”, which means that 
the activities of Writing 3 made them feel happy 
and attracted enough to acquire the knowledge, 
along with doing the exercises related.

2.2.3. Analysis of paragraph written by 
second year English - majored students at Duy 
Tan University

As required by the syllabus, second year 
students of English major at DFL, DTU are 
taught to get familiar, and then write – step by 
step - three major parts of a paragraph, as well as 
5 kinds of paragraph composing, in any topics as 
pre-demanded.

When asked about the levels of challenges in 
each of the parts above, the majority of students 
ranked the last aspect (relating to idea developing 
for different kinds of paragraph) to be very difficult 
(87% said this), while the first two, namely writing 
topic and concluding sentence, undoubtedly, were 
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of “easy” (91%  agreement). Surprisingly, none of 
the session was considered as “very easy”, as this 
option was chosen by no one.

For better illustration, 200 samples of students’ 
writing of paragraph composing in English were 
collected throughout 5 academic years to analyze 
and criticize. The pieces of writing are carefully 
studied in the following aspects:

(1) A good topic sentence
(2) A suitable and sound concluding sentence
(3) The coherence of sentence and ideas
(4) The unity - no irrelevant sentences found
(5) Idea development for each kind of paragraph
(6) Good vocabulary and structure in use
The figures for this are clearly shown in the 

graph below:

Chart 4: Percentage of correct parts in paragraph writing 
of second year students - English major at DTU

The incorrect parts will then be further analyzed 
for their problems. For better treatment and 
solutions, the flaws will then be categorized into 
different kinds for each part. Besides, two related 

charts will be shown first, one is for students’ ideas 
on their own faults, and the other represents the 
percentage of students’ real writing in this subject.

In order to get students’ opinion on their own 
obstacles in writing, 7 different factors have been 
pointed out, they are: Difficulties in inventing and 
arranging the ideas, Challenges in writing topic 
and concluding sentences, A lack of vocabulary, 
Insufficient knowledge in English grammar and/or 
structure, Connecting ideas, Avoiding irrelevant 
sentence(s), and Limited amount of time. And here 
are the results:

Chart 5: Second-year Students’ obstacles in Writing 3
As can be seen from Chart 5, the most 

difficult thing for students is obviously the step of 
inventing ideas, which causes nearly 90% learners 
find it challenging when writing a paragraph, then 
come the limitation in time, idea connection and 
English structures. Surprisingly, writing topic and 
concluding sentences are not very hard for them, 
as only 20% found this impossible in some ways.

In addition, the collected samples of students’ 
writing give out an almost similar explanations 
on the following issues:

(i) Incorrect topic sentence
Among the various types of mistakes made 

by those second year, English - majored learners 
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at DFL, writing faulty topic sentences is not 
commonly found in all the kinds of paragraphs. 
In fact, this only appears in 24% of the sentences 
collected. The following example can illustrate 
this point:

Example 1: (Topic: Smoking)
 Î (1) Today, many people smoke everywhere.
 Î (2) Science proves that smoking may cause 
lung cancer, which is a very serious disease.
 Î (3) Smoking has many disadvantages but it 
hasn’t any advantages.

For the topic of smoking, all these topic 
sentences are problematic:

- The first one, “Today, many people smoke 
everywhere”, is too general, as it contains 
no specific controlling ideas for further 
development.

- The second one, “Science proves that 
smoking may cause lung cancer, which 
is a very serious disease.” is, in contrary, 
too narrow. There is just one piece of 
information presented in this one, and thus, 
the body cannot be developed.

- The third one, “Smoking has many 
disadvantages but it hasn’t any advantages” 
has the two necessary parts – the topic 
“smoking” and the controlling ideas “many 
disadvantages – no advantages”; however, 
it is grammatically incorrect and clumsy, as 
the verb to have and the conjunction but 
are incorrectly used in this case. 

Obviously, three most common mistakes of 
the topic sentence should be (i) it is too general, 
(ii) it is, on the other hand, too narrow, and (iii) 
it is grammatically wrong. All these problems 
make the topic sentence a bad one and cannot be 
used to start a paragraph.

(ii) Unsuitable concluding sentence
This kind of mistake takes only 18% in total, 

the smallest portion of all. Errors in concluding 
sentences fall into two types (i) it doesn’t 

match with the topic sentence and/or the whole 
paragraph, and (ii) it has grammar/ vocabulary 
mistakes, as in example 2:

Example 2: (topic: people’s life quality today)
 ÎTopic sentence: Nowadays, there’re a lot of 
high - class services to satisfy demands of 
people, so their life quality is improved.
 ÎConcluding sentence:
• (1) In conclusion, people can live longer 

and wants to live longer because of life’s 
development.

• (2) In short, life quality’s people is 
gooder because of there are many new 
conveniences in life.

From these two concluding sentences, it can 
be seen that the first one does not match with the 
topic sentence since it discusses another idea - 
people can live longer. Besides, the second one 
has three grammar mistakes in life quality’s 
people, gooder and because of.

(iii) No coherence
Nearly a half of the paragraphs collected 

(47%) have this kind of mistakes. When some or 
all of the sentences are not connected by linkers 
(namely conjunctions or conjunctive adverbs/ 
phrases), and/or a consistent use of pronoun 
throughout the composition, the paragraph is 
incoherent.

(iv) A lack of unity
Totally, there is about one-fourth of the 

samples fall into this flaw. In their writing, 
sometimes students insert one or two irrelevant 
sentences which discuss another idea, and the 
unity of the paragraph is broken.

(v) Faulty use of vocabulary and structures
Out of common belief, students of English 

major, in their second year, still encounter so 
many mistakes in vocabulary and grammatical 
structures. As pointed out in chart 3.10, 42% of 
the writings have this kind of problem.
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(vi) Poor, non-creative ideas
It’s surprising that as many as 61% students 

questioned in this survey said that it’s too hard for 
them to think about what to write, especially in a 
limited amount of time like in a mid-term or final 
test (the same number of students felt stressful 
and couldn’t do well under this pressure of time). 
Homework seems to be easier due to the fact that 
they have more time to look on the Internet or 
other materials for ideas. The thing that makes 
everyone startle is that the topics given in writing 
are not too complex or academic, as students 
are required to write about such normal fields as 
education, entertainment, family, sport, health, 
travelling, and so on.  

2.3 Solutions to improving second year 
students’ writing ability in paragraph composing

With the help of the facts, strong and weak 
points of students’ writing ability as analyzed 
and discussed above, the solutions can be given 
to help not only learners in their learning Writing 
3, but also teachers in their lessons of this subject. 

There are so many things to do to improve students’ 
writing ability from this very academic step. Their 
vocabulary must be upgraded; their knowledge of 
English grammar and structures needs to be arranged 
and made it more practical. Moreover, they also need 
more practice in paragraph composing process and 
ideas inventing. For more specific treatment, some 
solutions are given as follows:

2.3.1 Extra exercises and activities to upgrade 
students’ vocabulary stock

The ways of learning every single word seem 
to be outdated when students enter college. The 
thing they need now is a logical arrangement 
of words, phrases and expressions, as well 
as their special uses in situations. Therefore, 
writing teachers, besides the main lessons, can 
use some extra exercises or activities to widen 
learners’ vocabulary stock and make it their own 
“treasure” for present and later use, not only in 
Writing 3 but also other subjects

2.3.2 A review of useful structures and/or 
grammatical points for every lesson

At the beginning of the term, it is suggested 
that teachers should let students do a quick test 
of grammar to check their level in this. Then, 
during every class, a little reminding of related 
grammar rules is advisable. Students need to 
have good awareness of the close connection 
between grammar and writing, so that they can 
avoid silly mistakes.

In addition, in every lesson, there should be 
a corner for language revision. For example, 
when learning about process describing, students 
ought to be reviewed with passive structures and 
words/ phrases for chronological order. Likewise, 
in the part of writing concluding sentence, the 
technique of paraphrasing should be revised first 
hand, and so on.

For students’ writing, a lot of teachers still 
have the habit of correcting all their mistakes; 
however, experienced lecturers don’t do so.  
Detailed correction is done for some of the first 
tasks for illustration, then incorrect parts will be 
underlined/ highlighted and students are asked to 
edit themselves. Otherwise, for a more objective 
way, some teachers require students to exchange 
their writing in groups and peer - editing is also 
of good support. A good and easy way to do 
this is to tell students that this is just a grammar 
task, and all they need to do is simply correct the 
grammatical errors underlined in the sentences.

2.3.3 “Practice makes perfect” in English 
paragraph writing

Despite the fact that English paragraph 
composing is complicated, there are still many 
ways for students to overcome this challenge, 
with the support of their teachers.

- A logical understanding of the 3 parts in 
English paragraph is the first need for students. 
They must be aware of the topic sentence, the 
body and the concluding sentence, as well as the 
close relationship among them. Only by doing 
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so can students’ confusion be reduced and thus, 
they can be more confident in writing their own 
paragraph.

- The practice exercises in the course book 
are very helpful for class activities. There are 
different kinds of tasks, ranging from simple to 
difficult, for students to first get familiar with 
the theory and then practice writing, either under 
control or on their own. 

However, for students’ work at home, the 
exercises in this course book seem to be not 
enough. It is said that “practice makes perfect”, 
therefore, more tasks should be created by 
teachers for learners’ homework. After finishing 
controlled writing tasks in class, students can 
deal with freer activities in a variety of topics 
after that as further practice. This is the only way 
for their improvement in Writing 3. 

- Peer editing and group work in class and at 
home can be very effective for students: in class, 
under the supervision of teachers, students can work 
together in small groups, exchange experience 
and help each other for self - correction. Besides, 
after finishing writing, they can share their 
work among group members for critics and 
improvement. This also can be done after class, 
but it requires students’ self - awareness and 
motivation, since there’s no teacher in the library 
or at home to control their chit-chats.

- Finally, students, consulted by their teachers, 
can themselves find referential materials on 
English paragraph composing in the library or 
on the Internet, and making themselves having 
more knowledge about that through reading and 
do more practice in that source of information. 

2.3.4 Knowledge upgrading in social and 
cultural topics

The weak point of lacking general knowledge 
seems to be the hardest to overcome. Vocabulary 
can be upgraded, grammar knowledge can be 
improved and made more practical, and writing 
the whole paragraph can be practiced to get more 

familiar; and many students can do that well. 
However, gaining sufficient general knowledge 
for writing is still a big challenge for them, as 
knowledge cannot be widened in one day or one 
month or even one year, and the habit of “asking 
Mr. Google for everything” is in their blood!

Unfortunately, even experienced teachers cannot 
help much in this field. Lecturers can only suggest 
materials and books to read, correct the errors, and 
students have to manage everything themselves, 
depending on their effort and intelligence to enlarge 
their own mind in every field.

The study would like to suggest some possible 
ways to widen students’ knowledge, in order to 
help them gain more ideas for their own writing:

- Read more: with the boom of technology 
nowadays, within a click of the mouse, or 
a visit to a bookstore nearby, a huge store 
of information appears in front of students. 
They can easily find books, newspapers, 
magazines, etc. everywhere, which can 
help them update their knowledge and 
widen their understanding about almost all 
general things on earth.

- Learn more: the things they read will easily 
be dropped out if learners fail to “learn” 
from that. Every piece of information is a 
lesson that can be useful at present or in the 
future. Read and memorize them all, turn 
them into ideas in writing paragraphs!

- Build up the good habit of reading and 
being curious about new things: for long 
term effect, students must build up the 
habit and interest in reading and learning, 
however difficult or time-consuming it 
is. College study requires learners to be 
as knowledgeable as possible, and for 
Writing 3, simple ideas cannot make good 
paragraphs!

3. Conclusion
With a brief view on students’ academic results 

and detailed analysis of their real performance 
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in writing 3, the study has clearly shown the 
writing ability of second year students of English 
major at DTU. A survey has been carried out to 
get students’ self - evaluation and opinion in the 
subject, so that a more objective point of view can 
be gained for a thorough research of the matter.

In addition, their strong and weak points are 
also discussed, together with some possible 
solutions to improving all the problems. Like 
a two-sided coin, second year students’ writing 
ability in this very challenging subject of their 
students’ life contains both advantages and 
disadvantages. Being young and new, they are 
gifted with the love for knowledge, the energetic 
interest in the lesson and the wish to learn more. 
Still, being so young and inexperienced, their 
mistakes in every corner, from vocabulary to 
grammar, from headachy new structures to idea 
inventing, are inevitable and, to some extent, 
should be tolerated.  The role of teachers in this 
beginning year is, therefore, vitally needed, to 
support and supervise. All blocked gates have their 
own keys, and so does this issue. Undoubtedly, 
students’ writing ability in sentence building will 
sooner or later be improved. 
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Abstract
This paper presents an overview of the formation process and typical features of the ancient urban cities of Vietnamese from 
the 3rd BC to 19th century by combining a series of research methodology such as: historical documents study, measurement 
investigation on sites by using the optimal machine, analyzing of the architectural measurement data, mapping study on the 
ancient urban cities to extract the rules and typical characteristics of ancient urban of Vietnamese. Additionally, the paper 
presents the features of the Hue’s UNESCO World Cultural Heritage site as the case study in this paper.

In addition, the paper also conducted a comparative study between the characteristics of ancient urban cities of Vietnam 
with other ancient urban cities of Asia countries in the regional relationship to find out the similarities and common 
denominator among them, approximate the origins of these in Asia.

Keywords: Vietnam, Historic urban, Comparative study, Asia countries.

Tóm tắt
Bài báo này trình bày tổng quan về quá trình hình thành và những đặc trưng tiêu biểu của các đô thị lịch sử Việt Nam từ 
thế kỷ thứ 3 đến thế kỷ 19 bằng cách kết hợp một loạt phương pháp nghiên cứu: Nghiên cứu tài liệu lịch sử, đo đạc thực 
địa bằng máy toàn đạc quang tuyến, phân tích dữ liệu bản vẽ kiến   trúc, nghiên cứu tư liệu bản đồ cổ để rút ra những quy 
tắc và đặc trưng tiêu biểu của các đô thị lịch sử của Việt Nam. Thêm vào đó, bài báo trình bày về những đặc trưng của đô 
thị Huế - Di sản Văn hóa Thế giới UNESCO như là trường hợp nghiên cứu điển hình.

Ngoài ra, bài báo cũng đã tiến hành nghiên cứu đối sánh giữa các đô thị lịch sử của Việt Nam và các đô thị lịch sử của 
các nước châu Á trong mối quan hệ vùng để tìm ra những điểm tương đồng và mẫu số chung giữa chúng, từ đó xác định 
nguồn gốc của các đô thị lịch sử châu Á.

Từ khóa: Việt Nam, Đô thị lịch sử, Nghiên cứu đối sánh, Châu Á.

TRƯỜNG ĐẠI HỌC DUY TÂN
DTU Journal of Science and Technology 06(37) (2019) 142-149

1. Introduction
Architecture and Urban are indispensable 

places to give the people a comfortable life, an 

biological environment of thinking, researching 
and healthy way of their cultural development. 
Since primary, the ancient Vietnamese have a 
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knowhow of chosen the good lands to settle, set up 
their villages, organize production, improvement 
and development of their used land. The traditional 
villages of the Vietnamese or the ancient capital 
city of the feudal dynasties of Vietnam are 
mainly based on the natural feature of the land 
characteristized by the bigest rivers (water factor) 
and the higest mountain (landmark factor) from 
which appeared the concept of “Giang/River-Son/
Moutain” (江山) refered to the concept of Country 
which has been common used up to nowaday.

Historically, every movement of each capital 
city caused by changing of hydrological geography 
is associated with a new occupied land that directly 
or indirectly affect the prosperity or decline of the 
feudal dynasties. In fact, from the “Co Loa” ancient 
capital city (Dong Anh district, Ha Noi) of An 
Duong Vuong king (257-208 BC) to the “Hoa Lu” 
capital city (Ninh Binh province) of Dinh Bo Linh 
king (968-1009), the “Thang Long” capital city (Ha 
Noi) of Ly Thai To king (1010-1788), the “Tay Do” 
capital city (Thanh Hoa province) of Thanh Nguyen 
king (1400-1407)(1), the “Phu Xuan” capital city 
(Thua Thien Hue province) of Quang Trung king 
(1788-1802), the “Gia Dinh” citadel (Sai Gon) of 
Nguyen Phuoc Anh landlord (1836-1859)(2) to the 
Hue capital city of Gia Long king (1802-1945)(3).

2. Characteristics of the Historic Urban Cities 
of Viet Nam 

2.1. Urban of “Rectangle of water” 
Co Loa citadel, the capital of Au Lac country 

during the An Duong Vuong period was built around 
3rd century BC, then later became the capital of 
other feudal state during Ngo Quyen period in early 
10th century(4). Co Loa citadel located at the top of 
the Hong/Red river delta where plays an important 
role of waterways and roads exchange, on a hill in 
the left bank-side of the Hoang Giang river (now 
deposited by alluvial deposits into a small canal) 
connecting with the Hong river and the Cau river. 
In terms of waterway traffic, Co Loa has an ideal 
geographic location than anywhere else in the 

Northern delta of Viet Nam at that time built on a 
rectangle of water formed by three rivers: the Hong 
river in South side, Cau river in North side and 
Hoang river in East side.

Thang Long citadel, the capital of Dai Viet 
country during the Ly dynasty (1010-1225) until 
the end of the Le Trung Hung dynasty (1533-
1789), was built on the old site of Dai La citadel 
during the An Nam Do Ho Phu (安南都護府) 
period (679-886)(5). Thang Long citadel is also 
built on a rectangle of water formed by three 
rivers: the Hong river in East side, the To Lich 
river in North side and the Kim Nguu river in 
South side. In the early 11th century, Ly Thai To 
king moved the capital from Hoa Lu (Ninh Binh 
province) to this land, expanded to build a new 
one and renamed by Thang Long citadel (fig.1).

Fig 1. Site map of the Thang Long citadel

Tay Do citadel, the capital of Dai Ngu 
country, built by Thanh Nguyen king (Ho Quy 
Ly) in 1397(6), is also located on a rectangle of 
water formed by two rivers: the Ma river in West 
side and the Buoi river in East side wind their 
way through the capital those connected together 
at the South side, Northern side of the capital 
obstructed by the Tho Tuong mountain. This 
land, however, wasn’t the ideal land that Thanh 
Nguyen king would like to choose, but due to 
the urgent circumstances of the historical context 
before the threat of invasion by the Ming (China), 
the priority for military defense is paramount, 
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so the chosen land must have a lot of military 
advantage and good navigation on waterways 
and roads.

Hoi An ancient town (15-19 centuries) was 
formerly a large port of Champa country, well 
known as Dai Chiem port, also played an important 
role of international trading port of Viet Nam during 
the Nguyen dynasty(7), located at the intersection of 
the Hoai river (a tributary of the Thu Bon river) and 
the Co Co river (through the Tourane bay) open up 
a wide stretch of water ahead of them to the Dai 
Chiem beach.

Hue citadel, the capital city of Viet Nam 
country during the Nguyen dynasty (1802-1945) 
was built by Gia Long king in 1805, basically 
completed in 1832 under Minh Mang king(8). The 
land chosen to build the capital is also located on 
a rectangle of water formed by three rivers: the 
Huong Giang river (front river side) in South side, 
the Kim Long river (central river) and the Bach 
Yen river (back river side) in North side. Huong 
Giang river and Bach Yen River are closed in the 
East and the West side to form a middle ground 
that called “Vuong Dao” (land of kingdom) by 
the Nguyen dynasty. This is an ideal land for a 
traditional capital city oriented by the theory of 
“Feng Shui”, which was the place where there 
were two dynasties met each other: the Phu Xuan 
capital city of Quang Trung king and the Hue 
capital city of Gia Long king are preserved upto 
present (fig.2).

Fig 2. Site map of the Hue citadel

Gia Dinh citadel (formerly known as Phien An 
Gia Dinh citadel (formerly known as Phien An 
bastion or Bat Quai bastion) was a base of Nguyen 
family during the warring time(9). On the same 
land that once existed two citadels were built and 
destroyed (1790-1859). The land chosen to build 
the Gia Dinh citadel is also located on a rectangle 
of water bounded by three rivers: the Saigon river 
in East side, the Thi Nghe river in North side and 
the Ben Nghe river in South side. After captured of 
the Gia Dinh citadel and destroyed it, the French 
shifted their urban center 1 km forward to the 
South and formed the administrative, economic, 
port and military center of the District 1, Ho Chi 
Minh city nowaday (fig.3).

Fig 3. Site map of the Gia Dinh citadel
Thus, it can be said that the mind of “Water” 

in the traditional urban planning is shaped very 
early time and have persistence vitality. The 
chosen lands have eloquently demonstrated 
their role through the development history of the 
Vietnamese nation.

2.2 Urban of “Mountain and River”
Mountain and River are usually the basic 

geographical factors for a settlement of ancient 
Vietnamese in particular and of ancient Asia 
people in general (fig.4). The concept of “Non-
Nuoc” (峯/Mountain-水/Water factor) is 
distinguished from the “Phong-Thuy” (Feng-
shui/風水) concept which originally came from 
ancient China civilization. 
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Fig 4. Mountain and River of the Hue urban

Indeed, if the “Water” to be an essential factor 
for the life, then the “Mountain” to be a necessary 
landmark factor to find the place of residence. 
Really, a pair of Mountain and River are common 
over the country such as: Hong river and Tan 
Vien mountain (Ha Noi - Trang An region), Lam 
river and Hong Linh mountain (Thanh Hoa - 
Nghe An region), Huong Giang river and Kim 
Phung mountain (Hue region), Thu Bon river and 
Nui Chua mountain (Quang Nam region), Saigon 
river and Ba Den mountain (Saigon - Gia Dinh 
region), Dong Nai river and Chua Chan mountain 
(Bien Hoa - Dong Nai region) etc. Most of the 
Vietnamese historic urban cities are based on 
those two factors .

2.3 Urban of “Spiral shape” 
The earliest ancient carpital city of Viet Nam 

has been recognized is Co Loa citadel (3rd BC). 
The name “Co Loa” comes from the shape 
looked like trumpet spiralling from bottom to top 
which including three layers of soild-walls and 
bamboo. According to the dicsription in historic 
documents and archaeological ecavation results, 
date and scale of the citadel have been definded 
attaching with amount of tagible evidents which 
have been continuouslly conserved at the site. 
This type of citadel is unique in Vietnam.  

2.4 Urban of “Magic square”
In the early periods, the place of residence of 

Vietnamese had been formed along river bank-
sides of the big rivers. Accordingtly, the shape 

of ancient capital cities and its citadel was also 
formed basing on the shape of natural geographic, 
such as Hoa Lu citadel and Thang Long citadel.

Since the Ho dynasty (1400-1407), the citadel 
has changed into quadrilateral shape absoluted 
symmetry over the central axis. By the Nguyen 
dynasty, the magic square in urban planning has 
been characterized by the “Tinh Dien” principle 
dating from the Zhou dynasty (1123-323 BC). 
Regardingly, each land is divided into 9 equal 
squares, the square in the middle used for public 
(public rice field), other 8 rounded square used for 
private (private rice field). Accordingly, the land 
plots, transport axes and architectural residences 
are arranged in a grid pattern matching the axes. 
This magic square in urban planning is typical 
of the countries influenced by ancient Chinese 
civilizations (fig. 5).

Fig 5. Site planning of the Hue citadel

3. Characteristics layouts of the Hue ecological 
urban city 

3.1 Natural features of the Hue area
The Hue capital city is the great assembly 

of the typical historic architectures of the one 
history stage in Vietnam from early 19th century 
to middle of 20th century, which is including the 
citadel planned at the central, imperial palaces 
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located inside the citadel, imperial mausoleums 
planned at the West-South direction of the 
urban city, temples, shrine, pagodas, esplanade, 
royal arena and mandarins residence planned 
surrounding the citadel. 

It can be said that the Hue area located in a 
dreamlike beauty of natural landscapes along 
with full-factor of the native oriental geomancy 
idea marked by the Kim Phung Son (highest 
mountain) and Huong Giang (bigest river), which 
composed the pair of „Mountain and River“ to 
form whole natural feature of the Hue capital city 
which has been whole conserved continuously 
till nowadays.  

3.2 “Fengshui” concept of the Hue capital city
Historically, the land-cote of the Hue capital 

city is lower than the present around 1.2m, 
thus, the Nguyen dynasty had to gather clean-
land from over country to filling up the area for 
construction(10). In 1805, Minh Mang emperor 
gave a decision to fix main axis of the Citadel 
faces to East-South direction (slanting 25 degree 
from North-South direction) based on the theory 
of Fengshui(11). It is an ideal direction for the 
Emperors govern a state (fig.6) and the physical 
conditions of architectural construction.

Fig 6. Fengshui concept of the Hue urban city

The architects of Nguyen Court were very 
skillful to engage the Capital city into great 
beauty natural landscape with full natural factor 
of ancient Fengshui theory: The Ngu Binh 
mountain placed on the central axis, in front of 
the Citadel, plays a role of Tien An/Phoenix; 
the Hen island placed on the left hand-side of 

the Citadel, plays a role of Thanh Long/Blue 
Dragon; the Da Vien island placed on the right 
hand-side of the Citadel, plays a role of Bach Ho/
White Tiger; the Truong Son mountain placed on 
back side of the Citadel, plays a role of Huyen 
Vu/Black Turtle; the Citadel placed at central, 
plays a role of the Huynh Tho/Yellow Earth, and 
Huong Giang river winds through front-base of 
the Citadel, plays a role of Minh Duong/Water 
as a salient factor of substantial environment for 
whole city, winds its way through front-base of 
the Citadel to shape “Z” feature of river brings 
prosperous for the Capital city. 

3.3 Magic square and Vauban defensive 
system of the Hue citadel

The Citadel of Hue is a combination between 
the construction ideas of ancient Chinese’s capital 
city which including three wall-layers (Citadel - 
Imperial city - Forbidden city) and the concept 
of defensive system of Vauban style which was 
popular in Europe in 17th century (fig.7). 

Site plan of the Citadel was divided into 9 
equal parts as “Tinh Dien” (井田) principle. The 
central part is originally used for Imperial City 
was a little bit moved to South side, its area equal 
1/9 of the Citadel, then area of the Forbidden city 
equal 1/3 Imperial city.

Basing on historical documents study and 
the analyzing results of the site investigation by 
using optimal measurement machine(12) could 
bring the understanding that: small units (u) used 
for architectural design called “Thuoc” (1u = 
426mm), the large unit (U) used to plan the axis 
of the Citadel called “Truong” (1U = 4260mm), 
the small unit (s) used to determine the grid 
called “Luoi Truong” (1s = 4260 x 4260mm = 
18.15m2), and the large unit (S) used to classify 
its ground-lot called “Phuong” (1S = 45s x 45s = 
36,754m2). Total area of   Hue citadel = 12s x 12s 
= 5,292,000m2 (equivalent to 529.2 ha = 5,292 
km2)

In a word, Hue capital city is the resonance 
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of urban of “Rectangle of water” – urban of 
“Mountain and River” – urban of “Fengshui” 
and urban of “Magic square” combinated with 
defensive system of Vauban. 

Fig 7. Aerial photo and Magic square of the Hue citadel

4. Similar between those and the others in 
Asia countries

It is possible to recognize the similarity of the 
location of ancient urban of Asian countries in 
many cases, although the geographic distance 
between these urban is quite far, varies in terms 
of time and the civilization. Hereafter are some 
case of comparative studies could be mentioned.

4.1 Similar in “Rectangle of water”
There are 9 of 15 historic urbans listed in 

Table 1(13) (accounting for 60%) were formed 
on the lands located at the intersection of rivers 
which forming a “Rectangle of water” bounded 
the ancient towns. These urban belonging to the 
countries influenced from both China and India 
civilization, dating very early (Jinan/China, 722 
BCE) to late (Hue/Vietnam, 19th AD). Formation 
of urban which based on the naturally “Rectangle 
of water” express the way of agricultural 
production and waterway  tranpostation from the 
earliest stages of Asian history (fig.8, 9).

     

Fig 8. “Rectangle of water” of Kyoto, Japan   

Fig 9. “Rectangle of water” of Hanyang/Seoul, Korea

4.2 Similar in “Mountain and River”
Similarly, there are 9 of 15 historic urbans 

(accounting for 60%) formed based on the 
geographic typicalized by higest mountain in 
pair with bigest river, this feature may including 
or excluding of the “Rectangle of water” 
mentioned above. All of these are belonging to 
the countries influenced from both China and 
India civilization. This form of urbanization 
is very common in the island and peninsula 
countries in Asia (refer to 2.2).

4.3 Similar in “Magic square”
There are 6 of 15 historic urban (accounting 

for 40%) are planned according to the principle 
of “Magic square” (fig.10) dating from the 7th 
to the 19th century. These urban are mostly of 
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China or belonging to the countries influenced 
from China civilization, such as Vietnam, Japan 
and Myanmar. However, the case of South Korea 
and North Korea are directly affected by Chinese 
civilization, but there isn’t any manifesting of 
this urban style. “Magic square” of urbanization 
began to emerge in the Asia region when Chinese 
civilization began to expand its influence to the 
surrounding areas.

Fig 10. “Magic square” of Ch’ang-an, China

4.4 Similar in “Fengshui”
Similar to the case of urban “Magic square”, 

there are 7 of 15 ancient urban (accounting for 
46,6%) are planned based on the ancient Chinese 
Feng Shui theory represented with five elements 
(refer to 3.2) dating from the 7th to the 19th 
centuries. These urban type are in Asian countries 
such as China, Korea, Japan and Vietnam.

4.5 Similar in “Spiral shape” and “Vauban”
The lowest ratio (accounting for 13.3%) of 

the 15 historic urban are “Spiral shaped” and 
“Vauban system”, appearing in Vietnam (3rd 
BC, 19th AD) and Japan (17th, 19th AD). The 
appearance of this urban type in two Asian 
countries and varies in term of times separated 
from 200 years up to 2000 years is a very special 
phenomenon and unintelligible.

5. Common denominator
The results in Table 1 show that the urban 

type of “Rectangle of water” and “Mountain 
and river” among the countries is highest ratio 
(60%). Its dating was also very early (from 722 
BCE until 19th century) and appeared in almost 
country influenced from both China and India 
civilization. This allows us to speculate that: The 
“Rectangle of water” and “Mountain and river” 
urban type are cornerstone of Asia countries, and 
may have existed before these countries took 
effect from civilizations.  Other urban features are 
the layers added later by acculturation through 
history.

The similarities of urban type of “Magic 
Square” and “Fengshui” took the ratio from 40% 
to 46,6%, also appeared very early and began to 
flourish from the 7th to the 19th centuries. These 
type of urban are typicalize for the countries 
influenced by Chinese civilization such as China, 
Japan, South Korea and Vietnam.

Urban features of “Spiral shape” and “Vauban 
system” are special phenomena, occurring only 
at very low ratio (13,3%) and there are no rules 
for these. It can be said that this type of urban 
features can only appear in special circumstances 
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of  history once that country was in danger of 
facing an invasion war from foreign.

6. As a conclusion
The past exists or does not exist directly 

affect to the present space and time of human. 
Urban development, if not based on traditional 
inheritance, that denies the results of the natural 
selection process. Respect for history in this case 
is to respect the hydrological conditions of each 
selected land through history. Understanding 
the causes and mechanisms of traditional 
urban formation will be appropriate to ensure 
sustainable development of that urban cities.
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Abstract
This article investigates pragmatic failure in English utterances made by third-year English majors at Duy Tan University 
(DTU) in producing the speech acts of refusal and apology. Based on the obtained results, it puts forward a number 
of suggestions about English learning and teaching with a view to assisting the students in avoiding this failure and 
enhancing their ability to communicate with native speakers. 

Keywords: pragmatic failure, speech act, refusal, apology, utterance.

Tóm tắt
Bài báo tìm hiểu thất bại ngữ dụng học trong phát ngôn tiếng Anh của sinh viên năm thứ ba chuyên ngữ tại Đại học Duy 
Tân khi đưa ra lời từ chối và xin lỗi. Từ kết quả khảo sát, bài báo đưa ra một số đề xuất về việc dạy và học tiếng Anh với 
hy vọng giúp cho người học khắc phục sự thất bại này và nâng cao hiệu quả giao tiếp với người bản ngữ.  

Từ khóa: thất bại ngữ dụng, diễn ngôn, lời từ chối, lời xin lỗi, phát ngôn.
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I. Introduction
Successful communication in the target 

language requires not only a knowledge of 
grammar and vocabulary but also pragmatic 
competence and knowledge about the culture 
of target language (Rezvani & Ozdemir, 2010) 
[16]. As Eslami-Rasekh (2004) [10] puts it, the 
development of pragmatic and sociolinguistic 
rules of language use is important for language 
learners. If learners are unaware of this issue, 
pragmatic failure is inevitable.

As a teacher of English, I find that most of 
the students majoring in English at DTU have 
difficulty communicating with English native 
speakers in spite of having a good grasp of 
vocabulary and grammar. They are inclined to 
transfer sociolinguistic rules of speaking from 
their mother tongue to the target language. 
Improper performance of utterances might 
result in serious consequences, including 
misunderstanding, embarrassment, and even 
rudeness. 
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With a view to helping the students at DTU 
in particular and students in Vietnam in general 
get over this failure, I would like to conduct an 
investigation into pragmatic failure encountered 
by third-year English majors at DTU. 

This study aimed to examine students’ 
regularities of language use in the speech acts of 
refusal and apology. Based on the research findings 
resulted from an analysis and evaluation of the 
students’ responses, constructive suggestions 
are provided to help them produce appropriate 
utterances in those speech acts. In addition, some 
recommendations in terms of the learning and 
teaching approaches are offered in the research to 
enable learners to avoid this failure. 

II. Content

1. Definition of “Pragmatic Failure”
Pragmatic failure was firstly coined by Jenny 

Thomas in her article Cross-cultural Pragmatic 
Failure in 1983. She defined and classified 
pragmatic failure in the essay and set a theoretical 
foundation for the analysis of pragmatic failure 
in cross-cultural communication. Since then, 
pragmatic failure has been a focus of cross-
cultural pragmatics. Riley (1984) [18] explained 
pragmatic failure as follows: 

Pragmatic failure occurs when we fail in some 
way to understand a speaker’s full intention in 
saying something. For some reason, we do not go 
successfully from what is said to what is meant. 
It is, therefore an umbrella term covering a 
wide variety of communicative problems which 
prevent the successful grasping of the contextual 
meaning of an utterance.

Qian Guanlian (2002) [17] points out that 
“Pragmatic failure is committed when the 
speaker uses grammatically correct sentences, 
but unconsciously violates the interpersonal 
relationship rules, social conventions, or takes 
little notice of time, space and addressee.”

From my perspective, pragmatic failure is 

regarded as a communicative failure committed 
in the process of interpreting or expressing 
utterances due to a lack of the capability of 
accurate interpretation or of appropriate use of 
language in different contexts.

2. Speech act theory
Speech act theory has aroused the widest 

interest of all the issues in general theory of 
language usage (Levinson, 1983) [14]. It plays a 
core role in the field of pragmatics. Philosophers, 
such as Wittgenstein, Austin and Searle, 
proposed the foundation of speech act theory. 
Wittgenstein(1953, cited in Bach, 2004) [25] made 
a significant contribution to the field of pragmatics 
by stating that language was a social activity and 
“the meaning of a word is its use in language” 
(Bach, 2004, p.463) [3]. Austin was the father 
of pragmatics (Mott, 2003) [15] and founded the 
speech act theory (Austin, 1962, 1975) [2].

Austin (1962) [1] introduced the concept of 
the speech act, and his speech act theory was 
built on the basis of his belief that speakers do 
not use language to say things, but to do things. 
Therefore, utterances are regarded as speech acts. 
Austin developed a system to distinguish three 
components of speech act, which was regarded 
as seminal work:

(a) the locutionary act: the utterance of a 
sentence with determinate sense and reference

(b) the illocutionary act: the making of a 
statement, offer, promise, etc. In uttering a 
sentence, by virtue of the conventional force 
associated with it or with its explicit performative 
paraphrase

(c) the perlocutionary act: the bringing about 
of effects on the audience by means of uttering 
the sentence, such effects being special to the 
circumstances of utterance                                                   

Searle (1976) [21] advanced Austin’s notion 
of speech acts and classified five categories of 
illocutionary force:
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(a) representatives, which commit the 
speaker to the truth of the expressed proposition 
(paradigm cases: asserting, concluding, etc.)

(b) directives, which are attempts by the 
speaker to get the addressee to do something 
(paradigm cases: requesting, questioning).

(c) commissives, which commit the speaker 
to some future course of action (paradigm cases: 
promising, threating, offering).

(d) expressives, which express a psychological 
state (paradigm cases: thanking, apologizing, 
welcoming, congratulating).

(e) declarations, which effect immediate 
changes in the institutional state of affairs and 
which tend to rely on elaborate extra-linguistic 
institutions (paradigm cases: excommunicating, 
declaring war, christening, firing from 
employment). 

2.1. Speech act of refusal
Refusals are face-threating acts (Brown 

& Levinson, 1987) [7] and only occur when 
a speaker directly or indirectly says no to a 
request or an invitation. Refusals belong to the 
classification of commissives, for they commit 
speakers to future action (Searle,1977) [22]. Chen 
(1996) [9] indicated that refusals are opposite to 
the interlocutor’s expectation, and they are often 
achieved through indirect strategies. Refusals are 
important as they are sensitive social variables, 
such as gender, age, education level, power and 
social distance (Brown & Levinson, 1987) [7]

2.2. Speech act of apology
Olshtain (1989) proposed that an apology 

was “a speech act which is intended to provide 
support for the hearer who are actually or 
potentially malaffected by a violation” (pp. 156-
157). When a person apologizes, he or she shows 
a willingness to disgrace himself or herself to 
the person/s being apologized to. Apologizing is 
face-saving act for the hearer and face-threating 
act for the speaker (Bataineh, 2006) [4].

Gooder and Jacobs (2000) [12] pointed 
out that “the features of the proper apology 
are the admission of trespass, the implied 
acknowledgment of responsibility, an expression 
of regret, and a promise of a future in which 
injury will not recur” (p.214).

Brown and Attardo (2000) [6] proposed five 
components of an apology as follows:

(a) an expression of apology, in which the 
wrongdoer repeats the feelings of an    regret

(b) an explanation of the situation, whereby 
the wrongdoer tries to reconstruct the incident to 
see that he/she deserve forgiveness.

(c) an acknowledgment of responsibility, in 
which the wrongdoer states his/her responsibility 
for what has happened as a part of the apology.

(d) an offer of repair whereby the wrongdoer 
tries to offer a way to compensate for the harm.

(e) a promise of non-recurrence, in which the 
wrongdoer promises not to repeat the offense.

3. Research Methods
3.1. Research Approach
Both quantitative and qualitative methods were 

applied in this study. The data were collected and 
analyzed with quantitative techniques embedded 
into a primarily qualitative research framework. 
It was believed that a combined quantitative 
and qualitative method was better than only one 
approach in discovering DTU students’ pragmatic 
failure and pragmatic competence.

3.2. Respondents 
There were approximately four hundred 

third-year English majors in the academic years 
from 2014 to 2017 at DTU. Among these, a 
hundred students were invited to complete the 
questionnaire and discourse completion test 
voluntarily. They were fully informed of the aims 
and significance of the study by the researcher 
prior to the beginning of the study, and made 
their decisions independently as to whether to 
join or not.
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3.3. Research Instruments
3.3.1. Questionnaire
The questionnaire designed for this study 

included six open-ended questions. Each provided 
a real-life communicative context (see Appendix 
A). The 100 respondents were required to write 
down appropriate utterances according to their 
own understanding and they were allowed to 
look up unfamiliar words in the dictionary. By 
using open questions instead of multiple choice 
questions, the researcher intended to prevent 
the respondents from using elimination skills in 
answering these questions so as to guarantee the 
validity of the research feedback.

3.3.2. Discourse completion test
 This research used a discourse completion test 

(DCT) including five situations (see Appendix 
B), which required students to read a description 
of each situation and then asked them to write 

down what they would say in that situation. 
The use of DCT aimed to collect data about 
students’ pragmatic knowledge and to examine 
whether their utterances are appropriate in given 
situations or not. Failure to use language properly 
is referred to as pragmatic failure. 

4. Research results

4.1. Findings from the questionnaire
In this section, there were six situations 

designed to examine how participants make 
apologies. Based on Brown and Attardo’s (2000) 
[6] five components of an apology, this study 
applied three R’s- namely regret, responsibility, 
and remedy (Bataineh & Bataineh, 2006) [6] to 
analyze the apologies provided by respondents in 
the questionnaire. 

 Table 1 shows the percentage of participants’ 
use of components when making an apology.

Table 1: Frequency of components used in apologies

Components Situation1 Situation2 Situation3 Situation4 Situation5 Situation6

Regret 100% 100% 100% 100% 100% 100%

Responsibility 98% 99% 98% 97% 98% 97%

Remedy 75% 76% 87% 79% 85% 73%

As can be seen from the table, virtually all 
apologies offered by students contained a regret 
for the offense, e.g. “Sorry, I am sorry/very sorry.” 
and a statement of responsibility, e.g. “I have an 
important interview”. About thirty per cent of the 
apologies provided a remedy and a promise for 
committing the offense “I will be more careful”, “I 
won’t make the same mistake again”.

The findings showed that about seventy five 
per cent of participants were able to recognize the 
apology situation and apply proper expressions of 
apology. Many provided an apology including an 
indication of taking responsibility and a promise 
to rectify the situation so as to win forgiveness 
from the recipient. Remedies offered by students 

showed their willingness to make up for the 
mistake. This kind of appropriate social behavior 
in such a social interaction helps to avoid 
pragmatic failures in communication (Rose & 
Kasper, 2001) [19]. However, there were a small 
number of students who did not offer a remedy 
for their offense. They did not understand how 
to give appropriate apologies. That is to say, 
they lacked appropriate pragmatic knowledge in 
social communication. 

4.2. Findings from discourse completion test
In the DCT, there were five situations designed 

to examine learners’ speech acts of refusal. 
Their inappropriate responses were considered 
as pragmatic failure. Refusal strategies or 
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semantic formulas were analyzed based on the 
classification adapted from Beebe et al. (1990) 
[5], including direct and indirect refusals. 

Table 2 summarizes the frequency of 
participants’ use of components in the semantic 
formula.

Table 2: Semantic formula for responses to a refusal

Semantic Formula Components Situation 1 Situation 
2 Situation 3 Situation 4 Situation 5

Direct strategies
No 0% 5% 2% 6% 4%

Negative ability 98% 99% 98% 99% 97%

Indirect strategies

Regret 100% 95% 98% 94% 96%

Positive opinion 2% 3% 6% 6% 1%

Excuse, Reason, 
Explanation 75% 85% 90% 85% 87%

Alternative 0% 0% 0% 7% 0%

In this study, most of research subjects 
rarely employed ‘no’, especially to a person of 
a higher status. The percentage of respondents 
using ‘no’ was very low, except in situations in 
which interlocutors were of equal status, such as 
a friend’s invitation and request. However, some 
of them responded by using ‘no’. That is to say, 
this word was inappropriate in certain situations 
involving interaction with people of higher 
statuses.

As regards ‘explanation’, respondents frequently 
used it in almost all situations. However, unlike 
native speakers, respondents in this study gave 
vague and dishonest explanations. For example, 
‘I am sorry, I am busy’ in most situations. This 
seems to show that cultural background affects the 
selection of utterances. In Vietnam, indirectness is 
highly valued. In cross-cultural communication, 
native speakers may feel embarrassed by such 
explanations.

In terms of ‘gratitude’, it was realized that a 
small number of students did not express thanks 
when refusing invitations and offers. They were 
unaware of politeness when using English. This 
revealed that learners had not had adequate 
pragmatic knowledge to respond appropriately 
in social communication. 

In the present study, it was found that most 
participants were more likely to use ‘regret’ in 
response to invitations and offers than English 
native speakers. For instance, native speakers 
frequently employed ‘positive feeling’ when 
responding to invitations and offers such as ‘I’d 
love to, but...’. In order to use language function 
effectively, language learners need to acquire 
these expressions.

The findings in relation to giving refusals 
highlighted that many English majors at DTU 
had known how to respond properly to the speech 
act of refusal. But not all participants were able 
to make effective applications in all situations. 
A small number of participants showed a low 
level of pragmatic competence. Their responses 
were unclear and unspecific. The inappropriate 
utterances led to pragmatic failure in cross-
cultural interaction.

The obtained data from both the DCT and 
the questionnaire indicated that many English 
majors at DTU lacked pragmatic competence, 
which is an important component that facilitates 
successful cross-cultural communication. In 
many cases, they were unable to produce proper 
utterances to speech acts of refusal and apology. 
It follows that students need to have more 
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practice in speech acts, strategies in using speech 
acts and mastering pragmatic information in their 
language learning process to further develop 
their pragmatic competence. It is inevitable that 
learners’ improper regularities of language use 
result in pragmatic failure.

5. Recommendations for English learning 
and teaching

5.1. Recommendations for students and 
teachers

5.1.1. For students
It should be noted that learners should not 

assume that English language learning is merely 
aimed at exam tests. That is to say, they need to 
grasp both linguistic competence and pragmatic 
competence to communicate effectively in cross-
cultural contexts because the main target of 
leaning a language is to interact with people in 
that language.

In addition to knowledge instruction from 
teachers, learners should make good use of 
different learning strategies in order to gain required 
goals, especially pragmatic knowledge used in 
intercultural communication. Moreover, learners 
should have a good mastery of cultural knowledge 
of the target language to the greatest possible.

5.1.2. For teachers
Teachers are responsible for imparting linguistic 

and cultural knowledge of the target language to the 
learners. Thus it is absolutely essential that English 
teachers meet the needs of their students. To 
develop their language and teaching competence, 
they should be encouraged and required by the 
university authorities to attend professional 
training programs, where they can update their 
knowledge about English and learn new teaching 
techniques. In addition, they have to broaden their 
linguistic and cultural knowledge about the target 
language through self-study and make good use 
of all the available resources, which include all 
kinds of academic journals and books published 

in Vietnam and abroad, academic conferences, 
research projects, and short-term courses abroad 
and thus improve their language proficiency. In 
terms of teaching approaches, teachers should 
avoid introducing pragmatic knowledge in a fixed 
way. Instead, they should teach students to interpret 
the meaning of utterances from both linguistic 
and pragmatic perspectives so as to obtain correct 
understanding. In fact, EFL learners are inclined to 
adhere to linguistic patterns they have learned in 
class and they may not be able to make adjustment 
in different contexts. For instance, most of the 
Vietnamese learners may respond to the greeting 
‘How are you?’ by saying ‘Fine, thanks. And 
you?’. This response can cause misunderstanding 
to English native speakers because it is merely a 
greeting for them like ‘Hello’.

5.2. Recommendations for English course 
design

English teaching at colleges by teachers still 
puts an emphasis on the development of learners’ 
linguistic competence while communicative 
competence is neglected. It is crucial to realize 
that a college English course is not only a 
language course offering basic linguistic 
knowledge as well as pragmatic knowledge, but 
also a communicative skill development course 
that assists learners in learning about the culture 
of the target language. 

In designing English courses, it is essential to 
consider the development of learners’ linguistic 
and pragmatic capacity as well as cultural 
capacity, which can help them use English 
effectively.

In order to integrate the culture into English 
teaching, specific requirements about the contents 
and methods of culture teaching should be added 
to the syllabus.

III. Conclusion
Based on the empirical data from the discourse 

completion test and questionnaire, the researcher 
has realized that about forty per cent of the 
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100 respondents could not produce utterances 
which conform to the rules of target language 
speech. The article also offers some useful 
recommendations to help leaners communicate 

effectively with native speakers as well as 
proposes some changes in English learning and 
teaching aimed at overcoming this pragmatic 
failure.

Appendix A 

Questionnaire 
Instructions: As part of a research project on pragmatic failure investigation, I would like you to 

help me complete the questionnaire by writing your answers in the space provided to the following 
situations according to your own understanding. The answers to the questions will ensure the 
accuracy of the data. Thank you very much for your cooperation!
1. You borrowed a magazine from your best friend, and you ripped the cover page by accident. You 
are giving the magazine to your friend and say: 
................................................................................................................................................................................................

2. In a cafeteria, you accidentally bump into an older person. The coffee spills all over that person. 
You might say:
................................................................................................................................................................................................

3. The librarian lent you several books. Today is the deadline for returning them to the library but you 
left them at home. As you meet him/her, you might say: 
................................................................................................................................................................................................

4. You are having an important interview at a company. You got up late this morning and hurried to 
the company. When you got there, you slammed against a secretary and dropped her files. You might 
say: 
................................................................................................................................................................................................

5. You came to class late today and your teacher complained to you about this, you might say:
................................................................................................................................................................................................

6. Your manager asked you to complete the report today, but something came up and you couldn’t 
finish it, you might say:
................................................................................................................................................................................................

Appendix B 

Discourse Completion Test (DCT) 
Name: ……………………                Age: …………………. 
Native Language: ………     

Directions: Please read the following five situations. After each situation, you are asked to write a 
response in the blank after “you.” Respond as you would talk to the person in English in real life 
conversation. Please respond as naturally as possible and do not worry about your grammar. You 
have thirty minutes to finish the following task. 
Situation 1: You are at the office in a meeting with your boss. It’s closing to the end of the day and 
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you want to leave the office because you also have an appointment this evening. 
Boss: If you don’t mind, I’d like you to spend an extra hour or two tonight so that we can finish up 
with this work. 
You:......................................................................................................................................................................................

Boss: That’s too bad. I was hoping you could stay.  
Situation 2: You are a junior in college. You attend classes regularly and take good notes. Your friend 
often misses a class and asks you for the lecture notes. 
Classmate: Oh God! We have an exam tomorrow but I don’t have notes from last week. I’m sorry to 
ask you about this, but could you please lend me your notes once again? 
You:...................................................................................................................................................................................... 
Classmate: OK, then I guess I’ll have to ask somebody else. 
Situation 3: You are the owner of a language institute. A teacher asks to speak to you privately. 
Teacher: As you know, I have been here just over a year now, and I know you have been pleased with 
my work here, but to be honest, I really need an increase in pay. 
You:......................................................................................................................................................................................

Teacher: Then, I guess I’ll have to look for another institute. 
Situation 4: You are walking on campus. A friend of yours invites you to have lunch. In fact, You also 
want but you do not have enough money.
Friend: Hi, Would you like to have lunch with me?
You:...................................................................................................................................................................................... 
Situation 5: You teach English at a university. It is just in the middle of the first term. One of your 
students comes to speak to you.
Student: Excuse me, professor. Could you give us an extension for the team presentation.
You:...................................................................................................................................................................................... 
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Abstract
Peer-to-peer Online Lending (P2PO) has received increasing attention over the last years, not only because of its disruptive 
nature and its disintermediation of nearly all major banking functions, but also because of its rapid growth and expanding 
breadth of services. This model offers a new way of investing in addition to investing in traditional channels such as banking or 
financial company. The transaction process is done online, the personal information and terms of mobilization are completely 
transparent and secure in the best way. The strong development of P2PO also raises a number of issues that require careful 
attention in order to promote positive aspects and to limit negative ones. The research aims to highlight particular aspects of 
this new business model and to analyze the opportunities and risks for lenders and borrowers in Viet Nam.

Keywords: Sharing economy, P2P lending, Financial innovation, Disintermediation, Fintech.

Tóm tắt
Cho vay ngang hàng trực tuyến (Peer-to-peer Online Lending - P2PO) đã nhận được sự chú ý ngày càng tăng trong những 
năm qua, không chỉ vì tính đổi mới và việc loại bỏ các chức năng trung gian của các ngân hàng mà còn bởi sự tăng trưởng 
nhanh chóng và mở rộng phạm vi dịch vụ của nó. Mô hình này đưa ra một cách đầu tư mới, bổ sung vào các kênh truyền 
thống như ngân hàng hay công ty tài chính. Quá trình giao dịch được thực hiện trực tuyến, thông tin cá nhân và các điều 
khoản huy động được minh bạch và an toàn một cách tốt nhất. Sự phát triển mạnh mẽ của P2PO cũng nêu lên một số vấn 
đề cần chú ý thận trọng để thúc đẩy tính tích cực và hạn chế các khía cạnh tiêu cực của nó. Nghiên cứu này nhằm nhấn 
mạnh các khía cạnh cụ thể của mô hình kinh doanh mới này và phân tích cơ hội và rủi ro đối với người cho vay và người 
đi vay ở Việt Nam.

Từ khóa: Nền kinh tế chia sẻ, cho vay ngang hàng, đổi mới tài chính, không trung gian, tài chính công nghệ.

1. Introduction
The development of information technology 

is fundamentally changing many traditional 
business models. The advent of the internet 
and the consequently facilitated opportunities 

for entrepreneurial activities have given a rise 
in an enormous number of new non-traditional 
businesses and business models that encompass 
the so-called “Sharing Economy”. The business 
models of the Sharing Economy are usually 

TRƯỜNG ĐẠI HỌC DUY TÂN
DTU Journal of Science and Technology 06(37) (2019) 159-168



160

platform-based to match demand and supply. The 
increasing use of the internet and its possibilities 
enable online platforms that are easy and cheap 
to access. Independent of the rest of the design 
of these non-traditional businesses, the Sharing 
Economy companies usually provide these 
platforms. These, in turn, attract demand, often 
on a very large scale, since they are accessible 
world-wide.

Known under different names such as 
“Collaborative Consumption”, “peer-to-peer 
exchange”, “on-demand economy”, this model is 
expected to achieve sales of 335 billion dollars 
in 2025 [1], equivalent to revenue of Traditional 
rental sector. 

The model “sharing economy” has been 
bringing benefits such as cost savings, 
environmental protection, increased economic 
efficiency, reduced social waste and excess 
capacity of service,  products. These are the 
factors that make the sharing economy model 
have more potential for growth in the future Time 
magazine refers to the sharing economy as one of 
ten ideas which will change the world [2].

The online peer to peer (P2PO) lending model 
is one part of the Sharing Economy. With the 
upcoming popularity of online communities, 
a new way of loan origination has entered the 
credit market. It transfers the old idea of personal 
credits into the World Wide Web. In this kind 
of lending model the mediation of financial 
institutions is not required [3]. The decision 
process of loan origination is given into the 
hand of private lenders and borrowers, and the 
website like huydong.com offers them a platform 
to engage with each other. Borrowers and 
lenders are connected to each other more easily. 
Moreover, the growing demand for consumer 
loans has brought many advantages to promote 
this model [4]

The asymmetry between the benefits of the 
shared economy model and the P2PO platform 

with the reality in Vietnam in this sector has 
prompted a closer study of P2PO knowledge and 
awareness, which until now, no detailed research 
has been done yet, to make recommendations to 
promote P2PO platform development in Vietnam.

However, the researches on Sharing Economy 
in general and P2PO Lending are very limited. 
So this paper aim to collect and analyze the 
opinion of the financial community about the 
potential development of the P2PO platform in 
Vietnam and thereby try to give several policy 
recommendations for its development.

2. Research method
The paper combines qualitative analysis and 

data survey to serve descriptive statistics. Firstly, 
the authors study the published works related 
to Sharing economy and P2PO in the world, 
combining with the reality in Vietnam to build 
a specific research structure and questionnaire 
survey. The questionnaire which was modified 
after testing surveys will be used in the official 
survey. The results will eliminate invalid answers, 
and in total we had 347 valid responses for the 
next analysis.

The questionnaire is designed for the following 
three directions:

• Firstly, 9 questions related to the situation 
of P2PO lending are designed to collect personal 
background information and historical data from 
borrowing and lending.

• Secondly, 11 questions concerning the prospect 
of the new P2PO model and the development 
dynamics of this model as well as barriers. 

•  Finally, 5 questions designed to examine the 
reaction of Vietnamese regulators to this model, 
which could be used to support or restrict this 
new model in Vietnam.

The final data will serve as descriptive 
statistics to answer the research questions. The 
method in our opinion is reasonable because 
this study is one of the first scientific research 
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on P2PO lending in Vietnam in general and Da 
Nang in particular. Therefore, the results of this 
study will greatly contribute to the foundation of 
further qualitative and quantitative research in 
the future.

3. Papers review on
- The Sharing Economy
The Sharing Economy in recent times has 

emerged as a global phenomenon. Companies 
that are emerging in this new paradigm as a David 
are relying on internet technology to compete 
face-to-face with the Goliath giants. These new 
companies are actually Web platforms or Mobile 
application that brings together individuals 
who have underutilized assets with people who 
would like to rent those assets short-term. This 
model has many economic benefits such as 
having a positive impact on economic growth 
and welfare, stimulating new consumption, 
raising productivity, and catalyzing individual 
innovation and entrepreneurship [5].

Sharing Economy companies have 
significantly increased competition in most 
markets they are active in. Even in markets that 
are already competitive, the entry of a Sharing 
Economy company causes an increase in a 
competition that is mostly unparalleled when 
compared to traditional business models. The 
main reason for this is that Sharing Economy 
companies often do not apply the framework 
and regulation of the respective market to their 
activities while traditional companies do. The 
motivation for this behavior is that they believe 
that existing, pre-Sharing Economy regulation 
is inapplicable to Sharing Economy companies, 
especially P2P models. The argument being made 
is that the supplier is in fact an individual, not 
a company. In consequence, it is reasoned that 
a framework of a market geared to companies 
could not be applied. Not surprisingly, traditional 
companies disagree and strive to apply framework 
and regulation to all companies (and in case 

of Sharing Economy businesses to individual 
suppliers) in a market in the same way [6].

Sharing Economy companies work hard 
to establish trust since it is a prerequisite for 
conducting business in this environment. The most 
common avenue of creating trust is a rating system 
where consumers and suppliers rate each other after 
each transaction [7]. What separates peer-to-peer 
networks from electronic markets is that the main 
aim is sharing and borrowing, not buying [8].

- Drivers of Sharing Economy
- Technology is the main driver of the Sharing 

Economy. It makes economic activities easier and 
cheaper by reducing transaction costs. Moreover, 
the customer’s networking is connected easily and 
conveniently by social network and digital market.

- The advent of the Sharing Economy coincides 
with the global financial crisis. Research 
conducted by an expert team working for the 
European Commission shows that the loss of 
trust in traditional companies during the financial 
crisis was a major enabler for the feasibility of 
many business models of the Sharing Economy 

- While technology is the main driver of 
the Sharing Economy, at the same time, an 
aversion to web-based applications in general or 
insufficient knowledge about their possibilities 
and limitations are obstacles to trust in Sharing 
Economy businesses [9].

- About peer-to-peer online lending (P2PO)
A category of Sharing Economy that requires 

a different economic impact and regulatory 
discussion is P2PO lending. 

“Peer-to-peer finance will challenge the nation’s 
major financial institutions… mono-banking 
culture is on its way out” - Andrew Haldane (Bank 
of England)

“This would mean revolution, fundamentally 
re-shaping the financial system” - (Bank of 
England Governor, Mark Carney)
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Peer-to-peer (P2P) lending platforms are online 
platforms where borrowers place requests for 
loans online and private lenders bid to fund these 
in an auction-like process. Such platforms became 
available in 2005 and have increasingly been used 
ever since. Nowadays, they are available in a wide 
range of countries, such as the United Kingdom 
(ZOPA), Germany (SMAVA), the United States 
(PROSPER) or Viet Nam (HUYDONG)

Unlike a commercial bank, the platform does 
not take risks through its own contractual positions. 
Whereas banks accumulate risks by taking positions 
on their balance sheet, platforms decentralize the 
risks by spreading them to their users.

The concept of private loans is not a new 
business model and rather the traditional way 
for private persons to borrow money without any 
mediation [10]. What makes online P2P lending 
a young phenomenon is the transfer into the 
internet using online P2P lending platforms.

- The motivation of this model: behind 
building such platforms was to circumvent banks 
as intermediaries, which may have the following 
advantages:

- An expensive middleman is replaced by 
a more cost-effective online platform, thus 
reducing transaction costs

- Borrowers are given the chance to present 
their loan case in much detailed, provide 
information to lenders that banks with their 
standardized decision processes usually do not 
take into consideration

- The loan generation process is transparent 
and creates a feeling of fairness (all bids are 
visible and traceable online)

- Loans on peer-to-peer lending platforms 
are said to generate higher returns for investors 
(compared to traditional bank savings) and to be 
cheaper for borrowers [11].

Lending process
Online P2P lending platforms differ in the 

way the borrower’s interest rate is set. Sites, like 
prosper.com use an auction process [3] where 
borrowers are able to set a maximum interest rate 
they are willing to pay. 

If the lending process leads to a fully funded 
loan-request, some platforms like prosper.
com have implemented another verification 
of the borrower’s ability to pay, including the 
verification of a steady income. The loan is then 
granted to the borrower, who will eventually start 
the repayment process [12].

The platform conducts its own assessment 
of the underlying credit risk. If the credit 
risk is acceptable and fits the platform’s risk 
categories, the platform sets a risk-appropriate 
interest rate. 

If the borrower agrees with the platform’s 
pricing, the platform publishes the offer to its 
users for a predefined period, typically two or 
four weeks. Requests for consumer loans are 
published anonymously, while those for business 
loans are normally published with the name of 
the potential borrower. Lenders have this period 
to place their offers to provide small portions of 
the required financing amount. 

The intermediating online P2P lending 
platforms generate their revenue via service 
fees, which they collect from borrowers as well 
as lenders [11]. Many collect a closing fee of 
a certain percentage of the funded loan from 
the borrowers, as well as fees for late or failed 
payments. Lenders often have to pay a service 
fee based on the amount they have funded to 
borrowers.

The platform then services the loan, collecting 
and distributing interest and redemption 
payments until the loan matures. Normally P2P-
loans are structured as monthly annuity loans. 
If the borrower defaults, the platform is obliged 
to arrange the collection of payments on behalf 
of crowd lenders although the platform itself is 
not liable for losses, which are borne by lenders/
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investors. Some platforms arrange a sale of non-
performing loans on behalf of lenders to a debt 
collection agent for a fixed price to recover a 
mini-mum amount (for example, 15% to 30%) 
of the credit claim. Others have developed 
automated litigation and recovery processes for 
the time when loans default. Here, the recovery 
rates are higher. 

In a research about Peer-to-peer lending and 
financial innovation in the UK, the authors found 
that generally, loans run between 12 and 60 
months, though loan agreements often can be sold 
before maturity in secondary markets operated 
by platforms. The platforms typically make their 
profits by charging various transaction fees at 
origination [13].

4. Results and discussion
Current situation in Viet Nam
Data analysis results indicated that nearly 

90% of respondents have been involved in 
lending or borrowing directly without financial 
intermediaries such as banks. We observed 
a remarkable point that more than 70% have 
never loaned any unacquainted person. It is also 
interesting to note that, according to the analysis 
above, the important feature of online P2P 
lending is the openness of the data disclosure of 
participants in the system and the assessments, 
the comments of the borrowers or the lenders, 
so we can provide credit to people who we have 
never known based on the assessment. Therefore 
we see that the opportunities for P2PO are 
huge with market gaps that traditional financial 
institutions  have not met yet.

When participating in the P2PO system, profits 
from lending activities will be taxed according to 
the law and according to the group of authors, 
this can be an obstacle to this activity. However, 
as a result of the statistics obtained, more than 
70% of respondents are willing to pay taxes to be 
safer in direct borrowing and lending.

Willingness to participate
In particular, nearly 90% (figure 1) of 

respondents chose to participate in the P2PO 
system in order to make the borrowing process 
become more convenient and more secure. 
This can be explained by the advantages of 
this model over that of traditional banks. In 
practice, banking regulations and procedures 
are relatively complex, and consumer finance 
companies use simpler procedures with very 
high interest rates ranging from 40% to 60% 
and the operation of these companies also puts a 
lot of questions about management. Therefore, 
90% of respondents claim to participate in the 
P2PO lending system, which demonstrates a 
legitimate expectation of consumers about a 
more appropriate financial option for them. The 
demand for having a system that helps people 
who need a loan directly connect people who 
have unused funds and want to earn higher 
interest rates than traditional banks is actually a 
reality in Vietnam.

Figure 1: Rate of participation in P2PO model

Motivations
This research also explores the motivations 

for interviewees to participate in the P2PO 
lending system. We found that two factors, 
which are “Know the information of lenders, 
borrowers as well as transaction history, 
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evaluation (eg in Uber, Grab is 4 stars, 5 stars)” 
with more than 62.6% (figure 2) selected, and 
“when lending in the platform of new system, 
interest rates will be higher than bank deposits” 
with 51% of respondents choosing. This result 
is also consistent with many studies in the 
world, for example, the loan generation process 
is transparent and creates a feeling of fairness 
and loans on peer-to-peer lending platforms 
are said to generate higher returns for investors 
(compared to traditional bank savings) and to be 
cheaper for borrowers [11]

Figure 2: Motivation to participate in P2PO model

Barriers
Among the barriers to be investigated, two 

factors were specially paid attention by the 
investigators: “There is no insurance against 
the lender” and “Not yet aware of the law” 
(figure 3). These two factors are in line with the 
authors’ prediction as these are the two most 
differentiating factors from traditional bank 
deposits. First, with the bank, when opening an 
account and depositing savings, according to 
the law, depositors are insured deposits up to 50 
million. However, when lent to an online peer-to-
peer loan system, the loan amount is not, or, more 
accurately, uninsured. Thus, the risk to lenders is 
higher if the borrower deliberately or unwillingly 
does not pay the loan.

Figure 3: Barries to joining the P2PO model

Provisions of laws
Indeed, provisions of the law with regard to 

sharing economy in general and lending system 
online, a component of the sharing economy 
system, in particular, has not kept pace with the 
rapid development of this model economy. This fact 
is not only in Vietnam but also in many countries in 
the world, including in developed countries. We can 
find that many cases in which the law are applicable 
to the model of new economy are not consistent 
even within a country, such as Uber and Grab can 
operate in Hanoi and Ho Chi Minh City, while in 
Da Nang, there have been cases where Uber and 
Grab drivers were subjected to be fined by traffic 
inspections with a fine of 2.5 million VND, close to 
one month of minimum Vietnamese income.

Opportunity or risk?
Another interesting point from this research 

is that when asked whether P2PO lending is an 
opportunity for traditional banking, 51% (figure 
4) of respondents agreed with the above, while 
only 11.6% did not agree. In another view, 25.8% 
of respondents said that P2PO lending would be 
a threat to the old model, while the opposite is 
nearly double, 41.5%. From the above data, we 
can draw many implications. It is clear that since 
the emergence of a new paradigm - the sharing 
economy in general and P2PO lending in particular, 
competition has increased dramatically in the 
sectors which has the presence of this new model.
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Figure 4: P2PO is an opportunity for the banking 
and finance industry

If traditional banks could have a respect for 
this new model and combined with the P2PO 
lending companies, leveraging the strengths of 
both, at that time, the rights of customers would 
get more care and then served more fully. This 
new paradigm with advantages of technology and 
innovation, once combine with the old paradigm 
- with the strength of credibility, government 
assurance and a new paradigm will bring benefits 
for both in the spirit of win-win. This argument 
is more relevant when, in the next question of 
the study, 47% of respondents believe that the 
traditional banking market experience can be 
applied to the P2PO lending market compared to 
15% who do not agree.

Competition
Returning to the topic of competition, from 

the survey results, the authors found that the 
field will be “the main battlefield” between 
traditional banking and the new model is the 
field of consumer loans with 65.3% selected, and 
unsecured loans with 51% of the respondents 
(differ with consumer loans in which this type 
of loan does not have collateral). This finding 
corresponds to several studies that have been 
conducted which confirmed that the consumer 
credit market is one of the largest, most important 
credit markets, with outstanding credit of $3.5 
trillion in 2015 [14]. 

On the other hand, with P2PO lending, loan 
screening is primarily based on algorithms, and 

the process can also be flexibly adapted to suit 
the time. In addition, the authors agree on the 
“knowledge used to manage and assess risk” as 
one of the fundamental differences between the 
two models. In the traditional model, bankers are 
generally well-educated, so the knowledge that 
is used to manage and assess risk can outperform 
the new paradigm when lenders, who may not 
have a strong financial background, play an 
important role in deciding whether to lend or not 
to lend their own money. That is one of the things 
to keep in mind while doing further research.

The researcher looked at what factors 
motivated the P2PO platform to develop, and 
it is interesting to note that the survey results 
show that the first and second factors are: High 
demand for customer loans and ability to meet 
high demand based on technology, at 64.5% 
and 47.4% (figure 5) respectively. High demand 
for consumer loans motivates borrowers to 
seek cheaper financing, more favorable loan 
conditions, and a P2P platform that meets this 
requirement. Besides, to satisfy this need, the 
connection between the borrower and the lender 
can only be based on the new technology that can 
be realized as perceived by the P2PO platform. 
This result is also consistent with the results of 
the study of data on the prosper.com platform in 
the US market [15], and the research results in 
the Chinese market which are booming P2PO 
model [16].

Figure 5: Factors driving P2PO model to develop
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Governance
The survey also showed that the number of people 

who believed that the government would support 
and would not support was similar, at 28.8% and 
27.4% (figure 6), respectively. While most, 44.1%, 
survey participants did not identify the attitude of 
the Government to the P2PO platform. This reflects 
the Government’s unclear behavior on the model 
and platform that reflects on the perceptions of the 
people. This situation is also consistent with what 
has taken place in the real that has been reflected in 
the problem space of the paper, as the same type of 
business, but the activity is licensed and activities 
are not granted. And even if it is allowed by the 
Government, the local government still bans.

Figure 6: The level of support of the government 
for the P2PO model

The reason which accounts for the highest 
proportion, 50.7%, for that the government 
would supports this model is that it will promotes 
competition, strengthens the lending market and, 
in particular, consumer loans, thereby providing 
additional benefits to the participants. Secondly, 
46.7% (figure 7), said that the government 
supported the model for growth, contributing to the 
mobilization of idle capital in the population and 
increasing the borrowing capacity of the people, 
thereby stimulating production and business 
development. These choices are consistent with 
the review because the lending market is being 
priced by intermediary financial institutions. As 
well as willingness to participate in this model, 
88.8%, is a motivation for government support.

Figure 7: Benefits of the P2PO model

The survey results also show that improving 
the legal system must be in top priority, at 
52.6% (figure 8), which is appropriate, since 
this platform has innovated the traditional 
lending model with intermediary financial 
institutions, so it is necessary to regulate, protect 
and promote it [17]. Moreover, this model is in 
need of government development support, at 
42.6%, because of its novelty over traditional 
lending models such as direct versus indirect and 
technology-based interaction instead of through 
intermediary financial institution. In the process 
of development, each economic model must go 
through periods from young to maturity stage. 
And in the initial stage, government support is 
needed [14].

Figure 8: Issues that need the government improvement

In contrast to the above, the percentage 
of respondents who said that the government 
would not support, with the first reason, made 
up 57.2%, which was the group interest from 
the traditional Bank. This is a fact in general and 
Vietnam in particular. It is not just financial circles 
that connect with the politics that make up the 
plutocrat, as often happens, but also the drafter of 
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financial legislation in Vietnam, so protecting their 
own interests, traditional Bank, is sure. Therefore, 
instead of researching new policy proposals to 
meet development needs, they are willing to rely 
on the fact that there is no legal basis to delay the 
implementation of the legislation; resulting in up 
to 48% respondents said that the government did 
not support the P2PO model, due to unconfirmed 
legal bases, as appropriate.

The survey results showed finally that the 
first tool the Government will take, at 56.6% 
that is to restrict credit limit. This is in line 
with the economic reality, as any model when 
applied requires small-scale trials before mass 
deployment and larger scale. And also in line with 
the nature of P2PO is the unsecured microloans 
[18]. The next tool of choice, at 47.7%, is that the 
Government will heavily tax the P2PO model. Tax 
instruments are always a powerful and legitimate 
tool to regulate economic activities. Therefore, 
when the government has not wanted to develop 
the P2PO model, this option is appropriate. This 
result is also consistent with research in the 
United States [19]. 

5. Conclusion and limitations
Theoretical contributions
This study has shown three new points in 

research on particular peer lending and financing 
in general.

Firstly, in Vietnam in general and Da Nang in 
particular, the potential of online peer lending is 
enormous because of the need and the support of 
consumers when they have more choices besides 
banking and traditional financial service.

Secondly, P2PO is both an opportunity and 
a threat to the traditional banking industry. 
However, opportunities remain more than 
threatening. Once the traditional model recognizes 
the advantages of this new paradigm and joins 
together to serve the neglected segments of the 
market, the benefits of both and the interests of 
consumers are guaranteed.

Thirdly, the views of the respondents on the 
support of regulatory authorities show that there is 
almost a similarity in the proportion of respondents 
who believe that the government will support and 
vice versa, saying that regulators will restrict the 
Sharing economy model in general and P2PO 
lending in particular. This reflects the reality in 
Vietnam and is a useful basis for further research.

Administrative implications
This study may indicate a number of 

recommendations for the leaders of the traditional 
banks as well as the macro-level management.

P2PO not only put pressure on the traditional 
banks, but regulators are also under pressure to 
reform existing regulations in order to better 
manage the competition and ensure harmony of 
interests, and do not hold back the development 
of models that benefit consumers.

Traditional banks should not consider P2PO as a 
threat and use their impacts to influence regulators 
in favor of their industry. This will sometimes 
be counter-productive as consumers may favor 
stronger new models. Choosing the strengths of the 
new model and finding a direction to combine with 
the ultimate goal of better serving customers would 
be a solution. Because the positive aspects of peer-
to-peer lending, in addition to economic efficiency, 
are helping to connect better the financial world and 
the real economy, avoiding manipulated credit in 
areas such as real estate, highly risky speculation. 
As a result, the benefits of the economy as a whole, 
the new and old models as well as the interests of 
consumers would be ensured.

Limitations and further research directions
The main drawback of this study is that the 

sampling is based on the online survey tool, 
and the sampling technique is convenient. 
Further studies may test generalizability with 
other sampling methods as well as examine the 
surveyed subjects from a variety of sources. At 
the same time, new factors could be added to this 
new paradigm in research.
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Abstract
Before the pressure of the global environmental crisis, ecocriticism appeared in the 1970s has met requirements of the 
era, to become a dynamic research movement in the world today. It traced ecological risks that humans now face, thereby 
making feasible recommendations from humane sociologist to change the environmental discourses. Humans re-confirm 
the relationship with animals, not the attitude of mastering but a symbiotic relationship. The new sense of ecological 
ethnics in XXI century has formed new personality patterns. This study will investigate the relationship of humans and 
animals in contemporary Vietnamese fiction with main focus: speaking the language of animals, sharing animals’ pain, 
comparing the writing during Renovation stage with the previous writing about animals. Since then, the study shows 
ecocriticism changes the discourses about the environment, gives the warnings and creates new viewpoints of humanism, 
not only to honor humans as lord of all things but humanize humans by sympathetic attitude to animals, empathy with 
damaged animals’ density, protect animals and love creatures.

Keywords: ecological humanism, ecocriticism,Vietnamese fiction, animal, empathy.

Tóm tắt
Trước áp lực của khủng hoảng môi trường, phê bình sinh thái (nghiên cứu về mối quan hệ giữa con người và môi trường 
tự nhiên) ra đời vào khoảng những năm bảy mươi của thế kỉ XX, đã đáp ứng được yêu cầu thời đại, trở thành một phong 
trào năng động trên thế giới hiện nay. Lí thuyết sinh thái tôn trọng sự tồn tại bình đẳng của tạo vật, coi mọi sinh vật không 
có loài nào ở thế ưu trội. Con người xác nhận lại mối quan hệ với động vật, không phải thái độ làm chủ mà là mối quan 
hệ cộng sinh. Từ tư tưởng mang tính cách tân này, chúng tôi soi chiếu vào hình tượng loài vật trong văn xuôi hư cấu Việt 
Nam sau những năm Đổi mới 1986, chúng tôi nhận thấy, nhân vật loài vật không phải là cách viết theo kiểu truyện đồng 
thoại như trước đây, mà mỗi loài vật có một sinh mệnh độc lập, với tâm hồn, cá tính riêng. Trong văn xuôi hư cấu giai 
đoạn này, xuất hiện những nhân vật lắng nghe ngôn ngữ của loài vật, chia sẻ cảm giác bị đau với muôn loài. Từ đó, bài 
viết này chỉ ra chủ nghĩa nhân văn sinh thái đã đổi thay các diễn ngôn về môi trường, đưa ra những cảnh báo và thay đổi 
nội hàm của chủ nghĩa nhân văn, không phải coi con người là chúa tể muôn loài mà con người biết lắng nghe tiếng nói từ 
tự nhiên, cúi xuống những loài vật bị thương tổn, bảo vệ và thương yêu mọi sinh vật.

Từ khóa: chủ nghĩa nhân văn sinh thái, phê bình sinh thái, văn học hư cấu Việt Nam, loài vật, thấu cảm.
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1. Introduction
XXI century is the century that many 

researchers have believed that humans must face 
the most ecological risks. In modern society, 
with the urbanization rate and the dependence on 
science and technology, humans are increasingly 
turning back to nature, overexploiting, making 
nature increasingly disappear from life. The 
nature revenges humans not only by catastrophes, 
natural disasters but more frightening by the 
disappearance of itself. The “miracle chain of 
life” of nature is increasingly being destroyed. 
Ecocriticism has emerged as issues of climate 
change, environmental degradation are no longer 
issues of every country and nation, it affects the 
life that literature is interested in so its turning 
point ultimately relates to the essence of literature.

In the world, originating from Britain - America, 
ecocriticism is being a dynamic movement 
with studies of Chellry Glotfelty (1996), The 
Ecocriticism Reader: Landmarks in Literary 
Ecology edited by Cheryll Glotfelty and Harold 
Fromm, 1996) [10];  Gifford Terry (Pastoral, 
1999) [9], Jonathan Bate (The Song of the Earth, 
2000) [3]; Peter Barry (Beginning Theory: An 
Introduction to Literary and Cultural Theory, 
2002) [1], Grey Garrard (Ecocriticism (The New 
Critical Idiom, 2005) [8]; Lawrence Buell (The 
Future of Environmental Criticism: Environmental 
Crisis and Literary Imagination, 2005) [5] ; Karen 
Thronber (Ecoambiguity: Environmental Crises 
and East Asian Literatures, 2012) [14]...

Since its innovation in 1986, Vietnam is 
a country strongly influenced by the state of 
climate change and sea level rise. Living in areas 
sensitive to environmental changes, certainly will 
reflect on the works, especially with sentimental, 
compassionate and more concerned writers with 
their homeland. Vietnam has accelerated market 
economy, industrialization, and modernization, 
which result in changes in the environment. 
The natural environment is being threatened by 

the rapid growth, which means that the natural 
environment has to face with so many problems 
of the negative side of urban civilization with 
chaos, sprawls, and damages such as greenhouse 
effect, industrial waste, hydroelectric overuse 
without considerable environmental impacts of 
destruction from overfishing and deforestation... 
As a result, forests are being destroyed, rivers are 
being forced to die, animals are crying for help. In 
2010, the last rhinoceros were killed. Elephants 
in the Central Highlands which have no forest 
habitats have destroyed fields. Sarus Cranes have 
left the West of Vietnam. A large amount of fish 
has died in the Center of Vietnam... Changes in 
climate, the crisis of ecological environment and 
global issues have become heavy pressures that 
Vietnamese literature cannot ignore. 

This paper mainly focuses on the sympathy 
with animals in contemporary Vietnamese 
fictions. This sympathy is reflected through the 
following aspects: people speaking the language 
of animals and sharing animals’ pain. The paper 
also compares the writing during this stage with 
the previous writing about animals.

2. Research Method
Applying “Looking back sense” of ecocriticism 

as a premise to realize the relationship between 
humans and surrounding nature as an entity 
of the whole ecosystem. Besides, we used 
interdisciplinary method: combining literature 
with science, analyzing literary works to show the 
environmental warnings. The study has applied 
the knowledge of scientific disciplines (ecology, 
ethnology, history, philosophy, politics, ethics, 
etc) to understand and explain some viewpoints 
of the works. In this study, we have discussed 
the relationship between humans and animals 
to show those who sympathize with harmed 
creatures, share feelings of pain with animals, 
listen to their voices and respect natural world. 
Those personality patterns are not formed by 
centered rational person patterns but through the 
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voices of lonely and idiotic characters, sideline 
and vulnerable individuals such as women, the 
elderly, children, those with the loss of wisdom, 
goofy, deformity, and defect in A Wolf‘s Revenge 
(Sói trả thù, 1992), The Salt of the Jungle (Muối 
của rừng, 1992), The largest beast (Con thú lớn 
nhất, 1992) by Nguyễn Huy Thiệp; The Endless 
Field (Cánh đồng bất tận, 2006), Single Wind 
(Gió lẻ, 2008), Anxious Look (Cái nhìn khắc 
khoải, 2008)… by Nguyễn Ngọc Tư,  A Person 
Who Speaks the Language of Doves (Người nói 
tiếng chim bồ câu, 2010) by Mạc Can, The dog 
and the divorce (Con chó và vụ li hôn, 1992) by 
Dạ Ngân, wrote Ants and Human (Kiến và người, 
1990), Termites and Human (Mối và người, 1992), 
Trần Duy Phiên...

3. Finding and Discussion

3.1. A different animal’s image before 1986
Nature in Vietnamese literature before 1986 

basically appeared in 2 formats. First of all, nature 
was personalized. For example, fairy tales about 
animals explained natural features of animals 
(such as turtles’ carapaces in A good lesson (Bài 
học tốt) by Võ Quảng), or folk tales: with animal 
characters, animals gave a philosophic lessons 
with educational content (such as The second trip 
(Chuyến đi thứ hai) by Võ Quảng, Tet of a kitty 
(Cái Tết của mèo con) by Nguyễn Đình Thi, The 
Adventure of  Sir Dusk (Cuộc phiêu lưu của Văn 
Ngan tướng công) by Vũ Tú Nam, The adventure 
of a cricket (Dế mèn phiêu lưu kí) by Tô Hoài,...). 
They are all children stories. In general, in this 
kind of format, the nature is personalized (“The 
mother asked Ko-nia tree/ Where its roots take 
water?/ It said: “from the North of Viet Nam”, 
The shade of Ko-nia tree by Ngoc Anh). Nature 
was in the harmony with humans (“Xa nu forest 
protected the villagers”, Xa Nu forest- Nguyễn 
Trung Thành). 

Secondly, nature appeared as a means of 
expressing personalities and the soul of humans 
(“When a person is sad, things around him look 

sad too”– Kiều Story, Nguyễn Du), the ability to 
conquer nature, by catching crocodiles, snakes, 
or honey bees, killing boars and tigers, building 
dams to prevent rivers, or controlling the sea... 
in such works as The scent of the Ca Mau forest 
(Hương rừng Cà Mau) by Sơn Nam, Southern 
forest land (Đất rừng phương Nam) by Đoàn 
Giỏi. Despite authors’ different ways to express 
their viewpoints, literature during this time 
writing about nature was actually about human 
beings, and was human-centered to describe, 
express and evaluate the nature. 

3.2. Speaking animal’s language  
The nature in literature since 1986 has had a 

new inspiration: “it had real life”. They had fates, 
personalities, souls... As Mac Ngon, a notable 
writer said, “I suddenly found grasses around 
me, and even cows and goats which could talk 
to people, they had not only their lives, but also 
their emotions” (“Literature had to make people 
trust each other more and more” (Conversation 
between Oe Kenzaboko and Mac Ngon) [15]. 
When comparing animals to humans, authors 
upset the conventional belief that humans are 
superior to animals with their unique properties: 
feelings, languages, and cultures. In literary 
works, animals have their own languages. 
Human cannot recognize such languages, but 
they do exist. People are always proud of their 
languages because they have mental ability 
thanks to their languages. Therefore, we tend to 
deny languages of animals and plants. Ecologists 
assert that, “we think that the animals do not 
have languages, because we do not understand 
their languages” (Fontenay E., 2013). 

Actually, animals communicate with each 
other by their own languages. Some literary 
characters can understand their talks and can 
use their languages. Mr. Su Da climbed capulin 
trees, listened and talked with doves when he was 
a little boy. He said, “Honestly, speaking doves’ 
language is not difficult, it is much easier than 
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English... “coo” is a sound which means 
different things in different circumstances, It’s 
a sound with various meanings” (A Person Who 
Speaks the Language of Doves, Mạc Can). 

That a person can understand an animal’ 
language did appeared in Oriental folk stories and 
this ability was actually a gift for kind people. In 
legendary stories, in order to communicate with 
people, animals usually “disguised themselves 
as people”. Nowadays, listening to animals’ 
talks, people can realize defects, imperfection, 
and loneliness. This is quite different from 
medieval literature, where people found peace 
in communication with animals. This ability 
indicates the loneliness in human life. Due to 
the life’s imperfection, people have to endure 
psychological instability, the inability to 
communicate with each other and this is why they 
have to come to the world of animals. It is current 
tragedy of losing human words. Doan in The 
dog and the divorce by Dạ Ngân was patiently 
silent to endure injustices, patriarchal behavior, 
selfishness of her husband and even said nothing 
at the court facing the suspicious judge and her 
husband’s rage. However, it was the husband’s 
merciless treatment to her pet dog that she finally 
came to the decision about the divorce. 

According to authors of this stage, the world 
of animals is more truthful, more peaceful, more 
tolerant, and freer than that of humans. People 
treat each other rationally rather than emotionally 
and they get falsehood to hide the clarity of 
languages. A girl in Single Wind by Nguyễn Ngọc 
Tư wondered that “whether in this world, there is 
any bird that wants to die because of the twitter of 
other birds? There is any dog suddenly hitting its 
head against a stone to death because other dog’s 
barking? There is any cow jumping into the river 
to commit suicide because of the moo of another 
cow?”. Nương in The endless field by Nguyễn 
Ngọc  Tư said “We learn to love ducks (hopefully, 
she will not suffer as she used to when loving a 

person in the past)”. Communicating with people 
made her sad, so she has begun talking with 
ducks. She recognized that “The world of ducks 
is open – with no jealousy or anger, may be their 
small head is just enough for love”. Mr. SuDa  in 
A Person Who Speaks the Language of Doves by 
Mạc Can asserted : “Surprisingly, pigeons rarely 
have conflicts. Unlike humans, pigeons mean 
what they “speak”.

Many characters refused to communicate with 
people. Nương and Điền in The endless field by 
Nguyễn Ngọc  Tư spoke duck language to forget 
“the sorrow of the human world”. That is even the 
self-defense of two lonely kids thirsty for love: 
“we do not speak human language”, “amorously 
with a new language, we accept to let people 
see us like crazy (as long as contemporarily 
forget human realm)”. A girl in the work Single 
Wind written by Nguyễn Ngọc Tư witnessed the 
tragedy of her own family when her father scolded 
her mother, which made her mother commit the 
suicide. Afterward, her father calmly told a lie 
about her mother’s death. Being in this situation, 
she realized that human speech contained a lot 
of false, heartless, ruthless contents. Therefore, 
she refused human language but speak birds’ 
language because “Animals do not hurt each 
other using their languages”... Indeed, refusing 
human language to come to animal language 
demonstrates that humans are so lonely in this 
world. Understanding animal languages was one 
of the motifs in Vietnamese fictions before 1986, 
since then human have not only been able to 
understand but also can speak animal languages. 

3.3. Sharing the pain of animals
Through their writing on the massacres of 

animals, authors express their anxiety about 
man’s humanity: thoughtlessly killing animals 
and being apathetic to creatures will lead to 
apathy toward humans. When humans do not feel 
the pain of animals, they will not feel the pain of 
their fellow human beings. When humans killing 
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animals without limitation, it will push them 
to a killing instinct. Humans realize the most 
inhuman actions which is killing animals. 

A Wolf‘s Revenge by Nguyễn Huy Thiệp, Hoàng 
Văn Nhân was an excellent shot. Before him, his 
father, his grandfather, and his great- grandfather 
had all been the same. So, his son, Hoàng Văn San, 
followed him into the forest from the age of five.  
Mr Nhan was determined to train San to become a 
good hunter. He decided the time had come to teach 
his child to hunt wild animals, he took his twelve – 
years - old child to hunt wolves. By the end of the 
hunting day, the wolf pack had been nearly destroyed 
by the hunters. The hunters cornered the leader wolf 
in her deep cave. She bit her baby wolf and lelf a 
mark on its forehead just before she was shot dead. 
San carried the pup home. The pup grew up among 
domesticated dogs. Time went by, and San was 
thirteen. Nhan held a birthday party for his son and 
planned to kill the baby wolf which was grown up 
now on the occasion. But unluckily, San got caught 
on the stairs and mouth bled. The blood awakened 
something within the hazy subconsciousness of 
the beast. Baring its sharp white fangs it sprang 
forward, and it snapped at San’s neck. But, Instead 
of killing the wolf, Mr Nhan swung the axe down 
onto the metal chain to release it. The wolf howled 
and ran towards the forest. When he fell to his knees 
by the corpse of his only child, Nhan felt the pain 
of wolf pack which he had killed years ago. He, at 
that time, understood the warning from the elderty 
in the village: “You must teach your son to fear the 
forest!”. The story reminds us to be reverent to 
the natural life, otherwise humans will only get 
the loss. 

So, loving animals is the way to nurture 
humanity. Old Dieu in The Salt of the Jungle by 
Nguyễn Huy Thiệp went hunting but he felt “the 
stillness and tranquility of the forest penetrated 
him thoroughly”. When he caused the disaster for 
a family of monkey, he was regretful “the chaos in 
the pack made Old Dieu tremble with fright. He 

had just done something evil”. He shot the leader 
monkey and it was injured. He felt the pain of 
the monkey, so he was very uncomfortable and 
“tried to avoid looking into it”. Then, “he had no 
choice but to take off his briefs, using them to 
bandage the monkey’s wound”. 

During his trip back home from the mountain, 
a female monkey followed him all the way. 
Because of the perseverance of the female 
monkey, Old Dieu found that “It turned out that 
in life the responsibilities weighing down on the 
backs of each living thing were truly heavy”.  
Finally, he decided “Well, I think I will just 
release you”. On the way coming back his home, 
he lost all things: a double-barreled rifle, clothes, 
food… but he accepted a special present from the 
forest “Old Dieu paused. This species of flower 
blossomed only once every thirty years and it 
was said that whoever saw Tu Huyen flowers 
would meet with a lot of luck. The flowers were 
white, salty-tasting, and as tiny as the heads of 
toothpicks. People called them “the salt of the 
jungle”. So, he felt happy and peaceful “He kept 
on walking, naked and lonely”.

Thus, there are changes in the plot motif. The 
plot of animal conquest is broken and replaced by 
another plot structure: Hunting is no longer the 
ability to conquer animals and character’s image 
has changed from giant conqueror to destroyer, 
victim, and defeated. The characters begin to 
sympathize with the pain of all creatures and to be 
tolerant to animals to nurture their human souls. 
Civilized men should be more sympathetic to the 
nature. This is the reason for the establishments 
of the organizations which protect animals. They 
have criticized the violations of animal rights 
such as killling rhinos for their horns, bears for 
their bile, and elephants for their tusks… Why 
saving wild animals is important? sselement 
for the sustainable development of humankind. 
When humans do not feel the pain of animals, 
they will not feel the pain of their fellow human 
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beings. From human rights to the animal rights is 
a big step toward on the path of humanism.
4. Conclusions and Suggestions

Considering the relationship between humans 
and animals, Vietnamese ecological fiction 
changed, from the conception of “centered-
ecology”, the authors realized that the animals 
have life, soul and personality with its self-
perpetuating life. When the viewpoint of changes, 

the plot motif immediately changes from story 
structure of animal exploitation into a multi-plot 
structure (Revenge of animals, Infertility, Loss 
of Shelter…); character image from arrogant 
human to conquer and exploit nature into “crime” 
human, victim of the animals and human became 
depraved and insecure. In this table, we have 
compared the relationship between humans and 
animals.

Table 1: Comparison of the relationship 
of humans and animals between the period before and after Renovation 1986.

Criteria Fiction before 1986 Fiction after 1986

Point of view Human-centred Earth-centred
The conception
of Animal

+ Animal and humans have the same voice
+ Nature is the background

+ Animals are independent beings, existing 
outside the human consciousness.
+ Animals have feelings, languages. 

Content + Animals usually “disguised as people” 
(in legendary stories)
+ Animals expressing human personalities 
and souls.

+ with characters who  can understand 
animal’s language
+ Characters able to speak animal’s 
language  

Character’s image + Conqueror
+ Hunter

+ Victim, Defeater, destroyer
+ Sympathetic people

From this perspective, comparing with 
plants and animals, ecocriticism has “upset” the 
default perspectives of what is still considered 
as exclusive of humans to “stand higher than the 
nature”: emotion, language, culture. Actually, 
the world of all life is calmer, more sincere, 
tolerant and liberal than that of humans. Humans 
bring reasons into all types of emotion, taking 
lies to hide the clarity of the language… Facing 
with animals, humans find themselves become 
defective, incomplete and lonely. So, returning to 
nature is to learn how to respect all life, respect 
nature and adjust the attitude and behavior of 
humans towards a sustainable, peaceful and 
happy life

Characters who share feelings of pain with 
animals, sympathize with harmed creatures are 
gentle, rustic and filled with love. Ethnics of 
Ecological Humanism does not recommend 
praising humans as lord conquering nature, as 

the “style of all life” but a living attitude where 
humans know to be humble, respect nature and 
adjust the attitude and behavior of humans for a 
sustainable, peaceful and happy life. Therefore, 
new sense of ecological ethnics in XXI century 
has formed new personality patterns, those who 
sympathize with harmed creatures, share feelings 
of pain with all things, listen to the voices of all 
things and respect natural world. However, we are 
concerned about our existence and our comfort, 
the place we live on is the earth and we have to be 
in a certain relationships with animals and plants. 
But, the earth is in danger, animals are becoming 
distinct and people become insecure in the age of 
civilization and technology. Therefore, literature, 
whose function is to criticize the old-fashioned 
thinking needs to reflect the truth of a situation. 
As such, Vietnamese literature is accessible to 
the contemporary urgent issues in the age where 
ecological crisis has become a serious global 
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issue. Because even if we bother to anything 
of the human life, we are still on the earth; in 
every relationship, we are still in contact with 
animals, plants, however the earth is in danger, 
the animals are gradually absent in life, people 
become insecure in the age of civilization and 
technology. Therefore, literature, where began 
the criticisms with the trails of thinking needs to 
speak out the reflection of the truth of a situation.
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