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ABSTRACT

This paper is aimed to introduce a method evaluation the velocity of the
water surface by using commercial camera. The camera was fixed at the
top of a bridge, where it was possible to observe the river surface and
vehicles passing by. The observation video was recorded in different
oblique angles. Ortho-images were created from video frames by using
collinearity equation and perspective transform. To estimate accuracy of
the equations, experiment was taken on land before applying to river
surface. The optical flow method was proposed to calculate the river
surface’ velocity. The result shows that wave velocity vectors were fixed
with waves generated by ships and small waves generated by nature
effect. The initial results of the experiment show that although moving
vehicles generated many waves, these waves have small amplitude and
fast terminated.

TOM TAT

Phuirong phdp do dac vin toc cia mdt nude tai nhanh séng chinh dwoc
trinh bay trong nghién ciru nay bang mdy anh thwong mai. May anh dwoc
bo tri ¢ dinh tai dinh cdu, noi c¢6 thé quan st cu thé mdt séng va cdc
phuong tién qua lai. Video quan sat dwogc quay voi cac goc nghiéng khac
nhau. Anh quan sdt (anh ortho) dwoc dung lai tir cac khung anh bang
phitong phép diém thang hang (collinearity equation) va bién doi phoi
canh (perspective transform). Pé kiém chitng dg chinh xdc ciia phwong
phap, thi nghiém duoc tién hanh tai viing cé thé quan sat duoc trude khi
ap dung lén mat song. Phurong phdp optical flow (dong chay quang hoc)
duoe sir dung d@é tinh todn vdn toc séng trén bé mat song. Két qua cho
thdy vector van téc song tring véi song do tau bé qua lai va séng nhé do
cdc hién twong tw nhién. Nghién ciru ban dau cia thi nghiém cho thay mac
dix phwong tién di chuyén qua lai tao ra nhiéu séng nhung cdc séng nay
¢6 bién do dao déng nhé va thoi gian két thic nhanh.

1. GIOI THIEU

cit cia con song dat mot muc do nao do, cac dac
diem co hoc cta mat song ciling twong tu nhu mat

Sat 1o ven song tai cac nhanh song 16n c6 nhiéu
tau bé qua lai dang 1a van dé nghiém trong hién nay
tai ddng bang séng Ciru Long. Bong bang song Ciru
Long ¢6 mot dién tich mat nuée 16n véi nhiéu con
song c6 dién tich mat cét rat rong, khi dién tich mat

bién. Hién nay, cac phwong phap do luong tiéu
chuan 1a tha truc tiép phao do (bouy) 1én mat nudc
dé thu thap sb lieu. Mic du phuong phap nay cho
két qua chinh xac, viéc ton thoi gian va ngudn lyc
Iip dat thiét bi ciing 1a tro ngai trong qué trinh tinh
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toan do dac. Tai Viét Nam, cac nghién ctru vé su
thay ddi tai cac bd song, bo bién cha yéu duoc tién
hanh trén anh vién tham GIS hoic Google Earth.
Nghién cttu Vé sy phan b cac chat lo ling trén song
Hong bang anh vé tinh da dwoc thyc hién (Nguyen
et al., 2016). Cac nha nghién ctru ciing chi y dén
viéc thay d6i hinh thdi song (Diép va ctv., 2019;
Thanh va ctv., 2019) dya trén anh tir phan mém
Google Earth hoac anh vé tinh LANDSAT. Cac
nghién ctru nay ¢6 nhuoc diém chi co thé nghién ciru
trén cac nhanh séng 16n co thé quan sat tt tir vé tinh
v6i mot do sai s6 chap nhan duoc, tuy nhién néu cac
phuong phap nay ap dung 1én nhiing nhanh séng nho
hon, két qua co thé xuat hién sai s 16n.

Hién nay, tng dung may bay khong nguoi lai
(unmanned aerial vehicle - UAV) vao trong linh vuc
tric dia ban dd mang lai hiéu qua kinh té cao, tiét
kiém thoi gian va cong stc rat nhiéu lan so vai cong
nghé truyén théng. Phuong phdp nay cho phép
ngudi nghién ctru ¢6 thé quan sat dudng bién doc
theo duong bo, tir do cé thé tinh toan duoc do sau
cua khu vuc it gan b bién (Sun et al., 2019). Ngoai
ra thiét bj bay ciing gitip danh gia cac dic diém thay
tridu, song tir xa bo anh hudng dén duong bo bién
(Matsuba & Sato., 2018; Luu et. al., 2020). Tuy
nhién, tai Viét Nam, vi 1y do an ninh quéc gia nén
viéc 4p dung céac thiét bi bay can thoi gian.

Trong linh vyc cam nhan hinh anh (image
sensing), van tdc song trén anh vé tinh hozc trén cac
phim tir may anh thuong dwoc tinh bang phuong
phap tuong quan cheéo (cross-correlation) va phuong
phap vén téc cua tirng phan tir diém (particle image
velocimetry - PIV) (Dalrymple et al., 1998). Phuong
phép tuong quan chéo cho két qua trung binh cua
khung hinh va khong thé hién duoc van téc cu thé
cua timg diém anh. Trong khi do, phwong phap PIV
lai phai chon timg diém anh thu cong trén ting
khung hinh. Derian and Almar (2017) chi ra rang
phuong phép optical flow (dong chay quang hoc)
cho két qua tét hon, do phuong phéap nay biéu dién
dugc van téc ciaa timg pixel anh mot cach ty dong
va trye quan hon.

Hién nay, cac ung dung thu thap hinh anh bang
méy bay khong nguoi 14i hodc mdy anh chi tap trung
chu yeu tai cac duong bo bién. Cac khu vuc song
Ién, thu thap hinh anh van dya trén anh vé tinh. Tuy
nhién, do sai léch cta anh vé tinh 1a 16n va c6 thé
khong c6 dua dit liéu cho viing song nho can quan sat.
Vi vay, phuong phap do dac van téc trén bé mat
song bang may anh cb dinh vi tri (land-based
camera) dugc trinh bay trong nghién ctru. Khuc song
duogc chon c6 mat do tau bé qua lai cao, do do song
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ton tai trén mat song co van toc va huéng ngau
nhién. May anh duoc bd tri voi cac gbc nghiéng
khac nhau dé thu thap dit liéu. Anh nghiéng cho dién
tich quan sat tot hon anh ortho, tuy nhién phép do
bang anh nghiéng lai khong cho két qua chinh xac.
Vi vay, phan phuong phap trinh bay mot phwong
phap dung anh ortho tir 4nh nghiéng. Van téc trén
bé mit duoc do bang phuong phap dong chay quang
hoc trén anh dyung lai. Muc tiéu cua nghiéng ctru nay
nhim trinh bay mot phuong phap danh gia van tbc
song trén bé mat séng cling nhu mdi tuong quan
gitravan tdc tu nhién va van tée do tau be di chuyen
Do 16n cua van tée ciing 14 co s¢ dé do nhirng thanh
phan khéc ctia song nhu d6 dai séng va van toc dong
chay.

2. PHUONG PHAP NGHIEN CUU

2.1. Thiét bj

Thiét bi dé tién hanh thi nghiém 13 1 may anh
thuong mai Sony Alpha 6000 c6 gan 6ng kinh goc
rong f:16-50mm. Thong sb ky thuat cia may anh
dugc trinh bay tai Bang 1.
Biang 1. Céu hinh va théong s ky thuat may anh
Céu hinh Théng sb ky thuat

s e Exmor™ APS HD CMOS
Cam bién 24 3MP
, Lk 23.5x15.6 mm
Kich thuéc cam bién (APS-C type)
D¢ phan giai 24.3 MP
Lay nét tu dong Fast Hybrid
ISO 100-25600

2.2. Khao sat thi nghiém

Vi tri duoc chon quay video trong thi nghiém la
giita ciu Hung Loi (Hinh 1) luc 9h sang ngay

Hinh 1. Cau Hung Loi nhin tir Google Earth
20/03/2021. bay la vi tri cao va c6 thé quan sat dugc
dong chdy cua song, song ngau nhién, , phuong tién

tau be di lai d& dang. Vao ngay lay mau, troi nhiéu
may, gi6é nhe va khong c6 mua, song dai trén mat
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song chi yéu duoc tao ra tir céc phuong tién qua lai
trén séng. May anh duoc co dinh trén 1 chan may
anh c6 d6 cao 160 cm, c6 thé quay dugc & cac goc
nghiéng 0°, 45°, 60°.

2.3. Phwong phap dwng anh

Video céc goc nghiéng dugc chia thanh céc
khung anh roi (30 anh/gidy), mdi anh déu duoc hiéu
chinh d6 bién dang (undistored). Sau do6, cac anh
nghiéng s& dugc bién ddi thanh anh ortho
(orthophoto - anh sb da dugc chinh sira bién dang
hinh hoc, do d6 cac phép do trén anh khong bi thay
ddi vé do 1on). Phuong phap xdy dung anh ortho
goém 2 bude: budc 1 sir dung phuwong trinh thang
hang (collinearity equation) (Lillesand et al., 2015)
va buéc 2 sir dung phép bién d6i phdi canh
(perspective transform) (Hartley & Zisserman,
2000).

2.3.1. Phuong trinh thang hang

Phuong trinh thiang hang trinh bay mdi quan hé
gifra cac toa d6 anh 2D (X, y — tilted photo plane) va
hé toa d6 mat dat 3D (X, Y, Z) thong qua sau yéu td
3 gbc (o, @ va k — la goc xoay quanh céc truc roll,
pitch, yaw) va toa do X, Y, Z cua h¢ goc (L) so véi
mot anh ortho (Hinh 2).

Theo d6, phuong trinh thiang hang dugc miéu ta
nhu sau:

——f [mu(x,,— Xp) + myz(Yp— Y1) + mys(Zp— Z1) ] (1)
M3y (Xp— X1)+ May(Yp— Y1)+ mas(Yp— Y1)

_ Moy (Xp— X)) + myy (Yp— ¥y) + mys(Zp— Z1)

=-f [m31(xp—xL)+ My (Yp— Y )+ mas(Yp— Y1) ] ( )

Véi:

Xp, ¥, - toa d6 anh cua diém P batki
X, Y,, Z,: toa d0 mit dat ciia diém P
X,,Y,, Z,: toa do mat dat caa tram L

Myq, ..., Mag: hé sb caa mot ma tran xoay 3x3
duogc xac dinh boi goc w, @, va k lam bién doi hé
toa d6 mat dat thanh hé toa do anh.

X

Hinh 2. Phuwong trinh thang hang

11

Tap 58, So 3A (2022): 9-15

2.3.2. Phép bién dsi phoi canh

Phép bién doi phdi canh cho phép anh xa diém
giita hai mat phang anh ma khong nhét thiét phai
song song va&i nhau thong qua mot ma tran 3x3 kha
nghich trong cac toa do thuan nhat nhu cong thirc

Sau.
X hiy hiz hiz] /%
X; | = |ha1 haz hos| X2 3)
xé h3y  hsy  hszl\X3

Vi x1, x5, x3 latoadod diém chiéu cua x;, x,, x5
thong qua ma trn quay h; ;

2.4. Thi nghiém thuit toan tai phong

Muc tiéu cia bd tri thi nghiém tai phong dé xac
dinh d6 chinh xac ctia phuong trinh toan dé xuat khi
tai tao lai anh ortho. Theo do, cac budc thi nghiém
tién hanh chinh xac nhu khi bé tri may anh tai hién
truong (cau Hung Loi). Mot ban cd ¢6 kich thudc
8x8 6 v6i 1 6 co dién tich 14x14 mm? duogc sir dung,
ving quan sat ban co twong tng Vi vung quan sat
mat song.

Dé bd tri thi nghiém, mot may anh dwoc dat trén
tripod c6 do cao ¢d dinh 13 60 cm. Mot ban c& duoc
dat sao cho tdm cila ban co tring voi tdm cua khung
anh trén may anh. Anh duoc chup, 1ap lai cac budc
twong ty Vi goc nadir = 0°, off-nadir = 30° va off-
nadir = 60° (goc nadir 1a goc chup vudng goc, goc
off-nadir 1a cho cac goc ngau nhién). O Do cao 12 60
cm, ban cd duge dat cach vi tri gdc caa tripod lan
lwot 14 34,65 cm va 104 cm (Hinh 3). Anh chup véi
goc nadir = 0° dwoc xem nhu anh tiéu chuén, ta dung
anh nay dé lam két qua so sanh vai cac anh khac dé
kiém tra kha ning cuia phép bién doi anh.

Z Vi tri lip camera
$ ~
A
~
J\\ \\\
J >
A\ ~o
o ~
= \ 0 =600
& 0=130% ~o
=00 \\ ) ~o -
N, TN
\ ~
\ >~ Y
. 34.65cm b
Goe 104 cm |
tripod |

(a) so dd b tri thi nghiém
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¢) goc off-nadir = 30°

d) goc off-nadir = 60°
Hinh 3. B tri thi nghiém tai phong thi nghi¢m

2.5. Tinh toan van téc bing phwong phap
dong chay quang hoc

Dong chay quang hoc 1a mét phuong phap tinh
toan van téc cua cac déi tuong trong khung anh.
Bang cach danh gia van téc gitra cac khung anh,
nguoi tinh toan ¢ thé do dugc van toc caa dbi tuong
trong khung anh ma can quan sat. Phuong phéap
dong chay quang hoc dugc tich hop sin trong cong
cu Computer Vision ciia phan mém MATLAB, cho
phép sir dung tryc tiép trén cac doan khung anh. C6
nhiéu cach tinh khac nhau, trong truong hop nay
phuong phap Lucas-Kanade dwoc dung dé tinh toan.
V& co ban, cach tinh van téc gira 2 anh duoc trinh
bay nhu sau:
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Lu+Lv+1,=0

7 = u?+v?

Véi I, I, val, 1a cac vi phan d¢ sang theo
khéng gian va thoi gian caa tirng khung anh.

(4)

u: van tbc theo truc ngang caa khung anh.
v: van téc theo truc doc cua khung anh.

7: van toc theo 2 truc cia khung anh.
2.6. Thu thap dir liéu tai cAu Hung Loi

< .

Y

b) goc nadir = 0°

a) thu thap dir liéu bang
may anh

c) goc off-nadir =45°  d) goc off-nadir = 60°

Hinh 5. Thu thép dir ligu bang may anh tai ciu
Hung Lgi

Thi nghiém dwoc tién hanh tai cau Hung Loi,
vao ngay 20/3/2021 Iac 9:00 AM. Khi tién hanh thu
thap dir liéu, thoi tiét co anh sang phu hop, cac
phuong tién dudng thay c6 di chuyén trén mat séng,
céc phuong tién duong bo trén cau khong qua nhiéu
nén it dao dong anh huong dén goc nghiéng va do
rung lc ciia may anh. Do cao tir may anh tgi mat
song h=15m duoc do thu cong; goc phuong vi (gbe
hop tdm may anh va cuc Bic) 6=15° dugc do bang
la ban sb trén dién thoai va la ban cam tay. Video
quay dugc s€ dugc chia thanh tirng khung anh roi
(30 khung hinh/gidy), sau d6 s€ dugc dung thanh
anh ortho nho 2 phuong phép toan ké trén.

3. KET QUA THU PUQC

3.1. Dwng anh Ortho

3.1.1. Két qua dung anh tai phong

Két qua cia phép dung anh duoc trinh bay tai
Hinh 6. Dién tich 1 6 hinh vudéng ban c¢ la
14x14mm. Vi tri cac diém A, B, ’C, D trén khung
anh dugc chon thu cong. Do ta biét chinh xac vi tri
Clia ban ¢ S0 V6i tam tripod, vi tri trong cac goc off-
nadir cling dugc biét. Két qua cta 2 phép bién doi
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cho thdy anh sau khi dung c6 kich thudc twong
duong véi anh tai vi tri goc nadir = 0°, tir d6 c6 thé
két luan duoc phép toan bién d6i da dat dugc yéu
cau dé ra.

Két qua cua phép bién dobi collinearity va
perspective transform cho thiy khoang cach gitra 2
pixel trén anh Ground Sample Distance (GSD) = 3,6
mm/pixel. Gié tri ndy dugc tinh toan dya trén mbi
lién hé giita kich thude pixel, do 16n cua cam bién
ced (mm_ced) va kich thudc that caa 4 diém trén
ban c& & thuc t& (mm). Theo d6, 1 mm trén cam bién
tuong duong 255 pixel va ti I€ gitta kich thudc that
va kich thuée trén cam bién 13 0,0095. Quan sat két
qua dung lai ban co, ta thiy hinh dung thanh cong
v6i d6 sai s6 chap nhan duoc (46 léch dudi 4 pixel),
tuy nhién khi goc off-naidr cang 16n, chat lwong anh
cang giam.

b) anh goc off-nadir = 30° sau khi dung

Hinh 6. Két qua phép dung anh
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3.1.2. Két qua dung anh thu thdp di liéu tir cau
Hung Loi

a) Anh ortho véi goc nadir = 0°
Kich thuéc 1024x1024 pixel = 3,69x3,69 m?

b) Anh ortho véi goc off-nadir = 60°
Kich thudc 2048x2048 pixel = 7,35x7,35 m?

Hinh 7. Dung anh ortho & géc nadir = 0° va off-
nadir = 60°

Két qua dyng anh ortho tir anh nghiéng dugc
trinh bay tai Hinh 7. Dién tich hinh tai goc nadir =
0° 1024x1024 pixel = 3,69%3,69 m?, trong khi dé
dién tich tai goc off-nadir = 60° 1a 2048x2048 pixel
=7,35x7,35 m% Chit lugng anh dung ciing cho két
qua tét, song lan trén khung anh co6 thé dwoc quan
sat rd rang. Tur két qua nay, van téc song trén bé mat
duoc tinh bang phuwong phap dong chay quang hoc.
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3.2. Tinh toan van téc bing phwong phap
dong chay quang hoc

a) Phuong phap dong chay quang hoc 1én 1 khung
anh
Kich thudc 2048x2048 pixel = 7,35%7,35 m?

b) Vi tri so sanh van tc tai 2 diém

Kich thudc 2048x2048 pixel = 7,35%7,35 m?
Hinh 8. Van tdc mat song trén mdt khung anh
bang phwong phap dong chay quang hec

Van tdc mit song tai 1 khung anh dwoc trinh bay
tai Hinh 8a. Khu vuc quan sat c6 dién tich quan sat
duoc trén thuc té 1a 7,35%7,35 m2 Do dai cua céac
vector thé hién do 16n caa van tdc song trén bé mat
song. Cac vector van toc tai vi tri diém A (Hinh 8b)
thé hién van téc sau khi phuong tién di chuyén qua
trong 1 khoang thoi gian, lic nay song tao ra anh
huéng caa nhiéu yéu to phu (gio, do lan truyen xung
quanh). Cac vector van tc tai vi tri diém B (Hinh
8b) thé hién van tc do phuong tién méi roi khoi tirc
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thoi. Bang cach so sanh do I6n vector tai 2 vi tri A

va B, ta c6 thé biét dugc anh hudng do phuong tién

tao ra 1én mat song.
3T

| == Van tdc tai diém A
% o
25 j»— Vin toc tai digm B

n
3

Van toc (m's)

12 15

6
Thai gian (s)

Hinh 9. Biéu dd so sanh van téc tai diém A va
diém B

Két qua caa phuong phap dong chay quang hoc
1a van tc di chuyén cia khung anh, véi don vi do
dich chuyén pixel/khung anh. Véi gia tri GSD = 3,6
mm/pixel, van téc song dugc ddi qua don vi chudn
m/s. Biéu dd so sanh van tc tai diém A va diém B
duoc thé hién tai Hinh 9. Nhin chung, van téc bé mit
tai hom quan sat 1a khong 16n ( dudi 3 m/s). Van tdc
séng do phuong tién tao ra c6 d6 I6n hon khoang 4
14N 50 Véi cac yéu t6 khac (vi tri A). Van toc tai diém
A ¢6 d6 16n dudi 1 m/s, trong khi d6 van tbc tai diém
B c6 d6 dao dong cao hon. Thoi gian duy tri song la
tuong d6i ngén, dudi 15 gidy. Sau 13 gidy khi quan
sat, song van con sinh ra tai diém B, trong khi do
song & diém A da coi nhu khong con xudt hién. Lac
nay, van toc bé mit tai diém A 1a van toc cua dong
chay va cac yéu t6 khac.

4. KET LUAN

Nghién ciru nay trinh bay mot phuong phap do
van toc bé mit song tir anh nghiéng bang may anh
thuong mai. May anh duoc bé tri cao dd, noi c6 thé
quan sat dugc mat song khi cé tau bé va khi khong
c6 tau be qua lai. Video dugc quay voi cac goc khac
nhau 30°, 45° 60°. Anh nghiéng dyng thanh anh
ortho bang phuong phép thing hang va phuong
phap phdi canh. Thi nghiém chi ra rang gia tri GSD
= 3,6 mm/pixel. Van toc song duge do bang phuong
phap dong chay quang hoc. Két qua do cho thay thoi
gian song sinh ra va két thic tir khi c6 tau 1a tam 15
gidy v6i do 16n dao dong dudi 3m/s. Do cac diéu
ki¢n ngoai canh, hién tai chua bb tri duoc phao do
dé klem chimg phuong phép dé ra. Nghién ctu chi
ra rang séng trén bé mit do phuong tién tao ra co
bién d6 dao dong nho, thoi gian két thic nhanh.
Dang séng nay mang nang luong yéu, d6 lan truyén
thap.
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