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Tém tit

Bai bao trinh bay két 'qua dy doan téc d6 phat trién cua vi tio Chlorella vulgaris trén bé mit vira sit dung phuong phap
may hoc. Cac bién s6 diu vao bao gdm loai phu gia khoang duoc sur dung, ham luong phu gia khoang va thoi gian vi
tao phat trién. Dit liéu dau ra 1a dién tich bé mit mau vita bi tao bao phu sau cac thdi gian phat trién. Hai phwong phap
may hoc dugc su sung 1a mang tri tué¢ nhan tao Artificial Neural Network (ANN) va Least Square Support Vector
Machine (LS-SVM). Két qua cho thay phuong phap LS-SVM du doan chinh x4c hon nhiéu so véi phuong phap ANN.

Twr khoa: May hoc; vi tao; vira.
Abstract

This paper presents the results predicting the growth rate of algae Chlorella vulgaris on mortar surface using machine
learning methods. The input variables include the type of mineral additives used, the content of mineral additives and
the growth period. The output data is the mortar surface ratio covered by algae after development periods. The two
machine learning methods used are Artificial Neural Network (ANN), Least Square Support Vector Machine (LS-
SVM). The results show that the LS-SVM method predicts much more accurately than the ANN method.

Keywords: Machine learning; algae; mortar.

1. Gi6i thiéu chung

Vita 1a loai vat liéu thuong duogc sir dung dé
hoan thién bé mit cong trinh. Tuy nhién sau
mot thoi gian st dung s€ bi hu hong, mot phﬁn
nguyén nhan 1a do su phat trién cia vi sinh vat.
Céc loai vi sinh vat phét trién trén bé mat cong
trinh rat da dang, co thé 1a vi khuén, vi tao, vi
khuan lam, ndm, dia y... tham chi 1a dwong xi

va cac thyc vat bac cao. Thong thuong, vi sinh
vét khong ton tai don 1¢ trén bé mat cong trinh,
ma nhiéu loai cong sinh cliing phat trién. Su
phat trién ndy phu thuéc vao rat nhiéu yéu to:
diéu kién moi truong, kién trac cong trinh va
dic biét 1a thanh phan, tinh chét cua vat liéu
vira [1,2]. Dy doan duogc su phat trién cua vi
sinh vat s& cung cdp thong tin hitu ich gitp cha
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dau tu hoach dinh phuong an ciing nhu tai
chinh dé stra chira, bao dudng cong trinh.

Xi mang la loai vat liéu xay dung dugc su
dung tir 1au véi nhu cau khong ngimg ting Ién.
Viéc san xuat xi mang gay nhiéu tac hai toi méi
truong nhu: can ki¢t tai nguyén khoang, gay ra
tiéng 6n do khai thac, phat thai bui va dic biét
1a phat thai cac khi hiéu tmg nha kinh. Dé han
ché cac tac dong nay, tdi thiéu hoa ham luong
clinker trong xi mang la mdt trong céc giai
phap kha thi nhat hién nay. C6 nhiéu loai phu
gia khoang (day hoic hoat tinh) dé thay thé mot
phan clinker trong xi ming trong d6 c6 tro trdu
va mudi silic [3].

Nhiéu két qua nghién ctru di dugc cong
bb lién quan dén anh huong cia hai loai phu gia
nay téi cuong do (tai nhiét do thuong va cao)
cling nhu tinh bén viing cia vira, bé tong (kha
ning chéng an mon, tbc do cacbonat...) [4].
Tuy nhién, mirc d6 hu hong do vi sinh vét trén
céc loai vita c¢6 st dung phu gia tro triu va
mudi silic chua dugc danh gid. M6 hinh du
doan toc do phat trién ciia vi tao trén vita ciing

chua duoc tién hanh nhiéu do tinh chit phtc
tap va da nganh cua van dé [5].

Bai bdo nay s€ nghién cou, m6é phoéng su
phat trién cta vi tao trén vita sir dung cac thanh
phan chat két dinh khac nhau. Cu thé 1a xi
mang Portland, c6 hoac khong tron thém mot
trong hai loai phu gia khoang hoat tinh tro trau
va mudi silic.

2. Dir liéu thuc nghiém

Pé mé phong, du doan sy hu hong cua vat
liéu cong trinh theo thoi gian, cac dir liéu thuc
nghiém vé téc do phat trién cta vi tao trén bé
mat vira dugc thu thép. Téng cong co 78 dur
liéu vé dién tich bé mat vira bj vi téo bao phu
theo thoi gian.

Bang 1 thong ké thanh phan cap phdi cua
nam loai vira nghién ctru. Ham luong xi mang
dugc thay thé 1an luot bai 10%, 20% tro triu
hodc mudi silic. Riéng ddi voi cadc mau c6 chua
tro trau, dé dam bao tinh cong tac cua vita, phu
gia siéu hoa déo dugc thém vao. Cuy thé 1a 0.57
mL dbi v6i vita 10% tro trau, va 1.87 mL dbi
v6i vita 20% tro trau.

Bang 1. Thanh phén vit liéu vira

Xi miing Cit Nute , Ham lu’(_n}g phu gia khoang
STT @ © (@) Tro trau | Tro trdu | Mudisilic | Mudi silic

(8) (%) (g (%)

1 808.0 2424.5 440.0 0.0 0.0 0.0 0.0

2 727.2 2424.5 440.0 80.8 10

3 646.5 2424.5 440.0 161.5 20

4 727.2 2424.5 440.0 80.8 10

5 646.5 2424.5 440.0 161.5 20

Cac mau vira c6 kich thudc 20x8x1cm’
duoc cit ra tr mot tim vira 16n kich thude
40x16x1cm?®. Tam vita 16n nay dugc duc trong
khuén xdp, kich thudc 50x25x1em?, dugc bao
dudng du 60 ngay tudi ¢ nhiét do khoang 27°C,
d6 4am 100%. Sau d6, phan vita quanh mép
khudn duoc cét loai bo (10cm theo chiéu dai,
9cm theo chiéu rong) nham dam béao tinh dong

nhat cua vat liéu. Hon hop vita duoc can va
tron theo ding tiéu chuin TCVN 6016:2011 [6]
b6 sut cua vat liéu dugc do béng bd con va
dam bao niam trong khoang 4-6 cm.

Trong qua trinh thi nghiém, bé mit vira duoc
dinh ki tudi dung dich tdo xanh Chlorella
vulgaris theo chu ki 2 lan/ngay, mdi lan dai 90
phiit, cach nhau 12 gid. Trong sudt thi nghiém,
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cac thong s6 bao gdbm luu luong tudi, cudng do
anh sang, nhiét o, nong do ban dau cia tao, goc
nghiéng cua mau dugc gilr ¢ dinh. Bé mit mau
vira thuong xuyén duoc sb hoa va luu giir (nho
may scan) dé phan tich trong qua trinh thi nghiém
[2]. Dién tich bé mat mau bi vi tao bao phii dugc
tinh theo ty 1& % cta phan dién tich mau c6 tio
xudt hién trén tong dién tich bé mat mau.

Trong nghién ctru nay, ba yéu t6 anh huong
dugc st dung dé mé hinh hoa tdc do phat trién

cua tdo Chlorella vulgaris: loai phu gia khoang,
ham lugng phu gia khodng, thoi gian vi tdo
phat trién trén bé mat vita. Dién tich bé mat
mau vira bi vi tdo bao phu Y (%) sau cac thoi
gian phat trién khac nhau duoc dy doan. Pay 1a
két qua dAu ra ctia mo hinh.

Cac théng sb théng ké vé ba yéu té anh
huéng ciing nhur dién tich mau bi bao phu dugc
cho trong Bang 2.

Bang 2. M ti thong ké ciia tap dit liéu

Bién s0 Ponvi Min Tl:illllllig Tr‘llling ]2?1:1%;]1 ax
X1 Loai phu gia khoang 1 1.5 1.5 0.5 2
X2 Ham luong phu gia khoang % 0 10 10 8.2 20
X3 Thoi gian phat trién ngdy 0 79 81 29.8 124
Y Dién tich miu bi tao bao phu % 0 18.64 14.6 15.6 64.49

Hinh 1 thé hién bé mit mau chira 10% tro trau sau cac khoang thoi gian vi tdo phat trién (X3)

khac nhau, 60 ngay, 85 ngay va 124 ngay.

Hinh 1. Hinh dnh bé mt viva chiva 10% sau (a) 60 ngay, (b) 85 ngay, (c) 124 ngay

3. Cac phuwong phap tri tué¢ nhan tao
3.1 Mang noron nhdn tao

Mang noron nhan tao (Artificial Neural
Network), goi tit 1a mang noron ANN, 1a mot
mo hinh xtr ly thong tin phong theo cach thire
xu ly thong tin cia cac hé noron sinh hoc. N6
dugc tao nén tir mot s6 lugng 16n cac phan tir
(goi 1a phan tr xir 1y hay noron) két ndi véi
nhau thong qua céc lién két lam viéc nhu mot
thé thong nhat dé giai quyét mot van dé cu thé

nao d6. Mot mang noron nhan tao dugc cdu
hinh cho mét ing dung cu thé (nhan dang mau,
phan loai dir li€u, ...) thong qua mot qua trinh
hoc tir tip cdc mau huin luyén. Vé ban chit hoc
chinh 1a qué trinh hi¢u chinh trong s6 lién két
gilta cac noron.

Nhiém vu dit ra 1a hudn luyén mang no ron
dé  thuc  hién Xép xi ham s
f:XeR” >YeR'; trong d6, D 1a sb thudc
tinh dau vao. Mot mo hinh ANN, bao goém céc
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16p dau vao, 16p an va 16p dau ra. W; va >
biéu dién twong mg cic ma tran trong sb cia
16p an va 16p dau ra; N biéu thi s6 luong no-ron
trong 16p an; b1 = [b11, bia....,bin] biéu thi véc
to phan cuc cua 16p 4n; b2 1a véc to phan cuc
ctia 16p dau ra; f1 biéu thi ham kich hoat (vi du,
log-sigmoid).
Céu trac ANN sir dung dé phén tich hoi quy
duoc biéu dién nhu sau:
J(X)=b, + W, x(f,(by + W, x X))
6]
N6i chung, cic ma tran trong s6 va vecto phan
cuc cua mot ANN dugc thuc hi¢n thong qua qua
trinh sir dung quy tic day lui 18i. Hon nifa, sai s0
binh phuong trung binh (MSE) dugc sir dung nhu
mot ham muc tiéu dé thuc hién ciu tric ANN cho
chirc ning tinh toan xap xi ham:
1 M
MSE= min — ) ¢’
Wy byby, M P )
3.2. Phédn tich héi quy siv dung LS-SVM
(Least Squares Support Vector Machine)

LS-SVM duogc dé xuat boi Suykens va cong
su [7]. LS-SVM la mot phién ban duogc sira ddi
cia SVM (Support Vector Machine) dé giam
bot ganh ndng tinh todn. Trong qua trinh dao
tao cia LS-SVM, mot ham sai s6 binh phuong
nho nhat dugc dé nghi dé co duoc mot tap
tuyén tinh cac phuong trinh trong khong gian
kép. Do d6, van dé huin luyén dir liéu giam
xudng chi con giai quyét mot tdp hop céac
phuong trinh tuyén tinh thay vi bac hai nhu
trong SVM. Céc nghién ctu da dugc thuc hién
dé ching minh sy tong quat, d6 chinh xac du
doan va tinh toan nhanh LS-SVM [8].

Cong thirc toan hoc sau ddy mo ta mdi quan
hé gitra két qua dau ra v6i mot hodc nhiéu bién
dau vao [9]:

y(x)=w'p(x)+b (3)

Trong do: * € R" ’y ER, va ¢(x): R" — R"

la anh xa td1 khong gian dac trung kich thude 1on.

Trong LS-SVM dé phan tich hdi quy, mot tap dir
liéu hudn luyén duoc chuan bi, van dé dao tao mo
hinh tr& thanh van dé t6i wu hoa nhu sau:
Téi thiéu hoa
1 - 18,
J,(w,e)=—w w+ }/—Zek
2 2 k=1 ( 4)

vei Yk T WT¢(xk) +b+e, ’ k=1,..,N
Trong d6: ex 13 cac bién sai sb, y >0 biéu thi
hing sé 6n dinh.

Ham Lagrangian dugc cho nhu sau:
N
Lwb,ea)=J,(w,e)— > o (W plx,)+b+e,—y,}
k=1
S))

Cac diéu kién dé to1 vu:

oL Y

—=0->w=) a,px

" 2 (%)

oL i

—=0->)> a,=0

ob ; ¢

8—L=0—>05k=;/ek, k=1,..,.N

Oe,

oL =0->wo(x,)+b+e —y,, k=1,..N
oa,

(0)
Sau khi loai bé e va w, hé tuyén tinh thu
duogc nhu sau:

)]
Lo+l/y | a ¥ 7

Trong d(')’ Y= yl""ay]v’lv = [1,,1] va
a=[a;..;oy]

Va ham hat nhan (kernel function) dugc ap
dung nhu sau:

o=p(x,) o(x)=K(x,,x) (3)

Mo hinh LS-SVM cho ham du doan, duoc
thé hién nhu sau:

»(x)= iakK(xerz) +b
©
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O day ax va b 1a 10i giai ctia hé phuong trinh
tuyén tinh (7). Ham hat nhan thudng dugc sir
dung 1a ham RBF (radial basic function) va
duoc biéu dién nhu sau:

e —x If)

K'_ X, ) =e —1‘
(x,.7,) ex_u( o

(10)
Trong d6 o la tham sé hat nhan (kernel
parameter).

4. Két qua va thio luin

Pé danh gia su chinh xic ctia cic mod hinh
hdi quy, nghién ctru nay st dung hai chi sb
RMSE (cin bac hai cua sai sb binh phuong
trung binh) va R* (hé sb xac dinh). RMSE cang

13

nho thi khd nang dy dodn cua chuong trinh
cang chinh xac. Pong thoi hé sb twong quan R?
cang gan 1 chimg to gia tri mo phong va gia tri
du doan cang gan nhau.

Thém vao d6, dé phuc vu cho qua trinh xay
dung md hinh tinh toan, 90% dir li¢u dugc dung
dé huan luyén cac mo hinh, 10% con lai duoc sir
dung cho qua trinh kiém chung. Cac thong sb
dau vao ctia mo hinh mé phong duoc thay doi dé
xem xét muc do hdi tu ciia chuong trinh.

Hinh 2 thé hién giao dién va két qua thu
dugc tir chuong trinh VS-ANN véi thong s6
dau vao nhu sau: s6 vong lap huan luyén 100,
tdc d6 huan luyén 14 0.1.

creen

BackPropagation Neural Network for Regression Analysis

Model Performance
NR = 3. MaxEpoch=100.LR =0.1
LR=0.1.

Problem Parameter

Num. of training samples 70

Num. of testing samples &

Training phase

@ DUY TAN

Training Performance

—— Actual Data
Predicted Data

RMSE = 0.877242984762869
R"2=0.890595777769786%
Testing phase

RMSE =0.602411107644332
R"2 = 0.929992956810862%

Num. of input variables 3
Num. of neurons 3
Num. of training epochs 100

Learning rate 01

[ Train Model I ‘ Close ‘

Developed by Nhat-Duc Hoang.
Contact: hoangnhatduc@dtu edu.vn

R =W

20 40 60

Testing Performance

— Actual Data

Predicted Data

Hinh 2. Két qud tinh todn dién tich bé mdt vita bi tio bao phii sit dung VS-ANN

Két qua thu duogc véi cac thong sé dau vao khac nhau duogce tp hop trong Bang 3.

Bang 3. Sai s6 m6 phong sir dung ANN véi cac tham s6 khac nhau

S6 vong lip o X R Tap huén luyén Tap kiém tra
huin Iuyén Toc do huan luyén RMSE R RMSE R?
100 0.1 0.88 0.89 0.60 0.93
200 0.1 0.98 0.76 0.76 0.79
300 0.1 0.36 0.96 0.44 0.91
100 0.2 0.88 0.77 0.71 0.90
200 0.2 0.91 0.71 0.65 0.92
300 0.2 0.98 0.83 0.71 0.89
TRUNG BINH 0.83 0.82 0.65 0.89
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Két qua cho thiy mo hinh mang no ron than
kinh nhan tao cho phép mo phdong kha chinh xac
dién tich bé mit cic miu vira bi tao bao phu theo
thoi gian. Vi tap hudn luyén, R? nho nhat dat
0.71. V&i tap kiém tra, R? nho nhat dat 0.79.

Két qua tét nhat thu duoc voi sé vong lip
300 va toc do huan luyén 0.1: RMSE= 0.36,
R?= 0.96 cho tap huan luyén va RMSE= 0.44,
R?=0.91 cho tap kiém tra.

Trung binh ctia 6 1an chay md phong thu
duogc két qua nhu sau: RMSE = 0.83, R? = 0.82
cho tap huén luyén va RMSE = 0.65, R? = 0.89
cho tip kiém tra. Diéu nay chung to, dit liéu
duoc tuan theo quy luat nao d6 va dugc mo
phong tdt, hoan toan khong phai ngu nhién.

Khéc véi chuong trinh VS-ANN, chuong
trinh LS-SVM cho phép tu dong chia tip dir
lidu thanh hai tap: huan luyén va kiém tra. Tuy

nhién, nguoi dung co6 thé tiy chon thay doi ty 16
ctia hai tap nay. Pé danh gia kha niang du doan,
mo hinh hoa, ngoai théng sé6 RMSE va R?
chuong trinh st dung thém thong sé6 MAPE
(gia tri trung binh cua ty 18 giita sai s6 va gia tri
thuce té cua bién s6).

Hinh 3 thé hién giao dién va két qua thu
dugc ciia chuong trinh LS-SVM véi théng s6
dau vao nhu sau: tham sb on dinh = 10, tham s6
kernel = 1. V&i tap kiém tra, két qua mo hinh
thu dugc: RMSE = 0.28; MAPE = 66.12 % va
R? = 0.78. Két qua cia md hinh trén tap huan
luyén cling duoc thé hién va thu duoc nhu sau:
RMSE = 0.08; MAPE = 14; 60 % va R* = 0.99.
Quan sat d6 thi trén hinh nay cho thy, cac gia
tri du doan (mau cam) rit sat voi céc gia tri
thuc nghiém (mau xanh).

Least Squares Support Vector Machine for Regression Analysis

Random Data Separation Model Parameters

Test Ratio 01 Regularization Parameter 10
RBF Kernel Parameter 1
Data Folder: D Model Evaluation (Single Run)
Mean of Output: 00.00 ‘ Run
Std. of Qutput: 01.00

Multiple Model Evaluation
Number of evaluations 3
Testing Ratio 0.1

Load Data and Run
Original Data 5
Program Status Current run is 3
Trainin, g X Trainin, gY

Close
Program

Clear
Result

Clear

Testing X Testing Y ‘ Chart

Training  00.08 14.60 0.99

Testing Resulis (For Single Run)

Output Value
15
: P I
05 1 |
o2 B = T [ ] i
o) L
. ‘ W W |
0 1 2 3 4 5 6 7 8 9
mple
B Actual Data Predicted Data

Model Performance
RMSE MAPE (%) R"2 RMSE MAPE (%) R"2
Testing 0028 66.12 078

N.D. Hoang (hoangnhatduc@dtu edu_vn)

Hinh 3. Két qua tinh todn dién tich bé mdt vita bi tio bao phii siv dung LS-SVM

Béng 4 thé hién két qua dy doan dién tich bé mit mau bi tdo bao phu vdi cac tham ) chuong

trinh khac nhau.

Bang 4. Sai s6 m6 phéng sir dung LS-SVM véi cac tham s6 khac nhau

Tham s6 én Tham sb T4p huin luyén Tap kiém tra
dinh kernel RMSE | MAPE R? RMSE | MAPE | R?

10 1 0.08 14.68 0.99 0.28 66.12 | 0.78
20 1 0.08 12.08 0.99 0.25 75.89 | 0.88
30 1 0.08 19.21 0.99 0.09 8.21 0.99
10 2 0.09 15.52 0.99 0.05 52.45 | 0.97
20 2 0.08 16.29 0.99 0.23 2444 | 0.93
30 2 0.08 17.75 0.99 0.22 14.64 | 0.92

TRUNG BiNH 0.08 15.92 0.99 0.19 40.29 | 0.91
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Tir két qua tap hop trong Bang 4 c6 thé nhan
xét rang chuong trinh LS-SVM cho phép du
bao rat tot dién tich bé mat mau vira c6 tao bao
pha. Véi tap huan luyén R? ludn dat 0.99. Véi
tap kiém tra R? dat 16n nhat 1a 0.99, thap nhat 1a
0.78.

Néu so sanh voi chuong trinh VS-ANN,
chuong trinh LS-SVM cho két qua du doan tét
hon nhiéu.

5. Két luan

Bai bao di trinh bay két qua mod phong dy
doan dién tich bé mit miu vira bi vi tao bao
phu theo thoi gian. Hai chuong trinh tri tu¢
nhan tao VS-ANN va LS-VSM da duogc su
dung. Cac bién dau vao cua chuong trinh bao
gém: loai phu gia khoang (tro trAu hay mudi
silic), ham lugng str dung phu gia khodng va
thoi gian mau thi nghiém phoi nhiém véi vi tao.
Két qua cho thiy ca hai chuong trinh déu cho
phép du béo rat tot dién tich bé mat mau vira bi
bao phti boi vi tao. Tuy nhién, LS-VSM cho két
qua du bao sat vdi thuc té hon nhiéu so voi VS-
ANN.

Bai bao hién chi tap trung vao cac bién sd
lién quan dén phu gia khoang duoc sir dung dé
thay thé xi mang. Hudng tiép theo duogc kién
nghi nhu sau: tong quat héa cac moé phong hon
bang cach dua thém nhiéu thong sé anh hudng
dén su phat trién cta vi tao lam bién dau vao
(lién quan dén vat liéu, dén diéu kién thi
nghiém...).

Khi do, néu biét trude dugce thanh phén vt
liéu, diéu kién st dung cong trinh, cdc mo6 hinh
tri tué nhan tao s€ cho phép du doan trudc dugce

muc d¢ hu hong cia tuong cong trinh. Pay 1a
co so thong tin quan trong giup cac chu dau tu
lap ké hoach ciing nhu du toan chi phi dé sira
chira va bao dudng bé mat cong trinh.
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