Journal of Water Resources Research KRBT, 2020, 9(1), 1-11 Hans )i
Published Online February 2020 in Hans. http://www.hanspub.org/journal/jwrr
https://doi.org/10.12677/jwrr.2020.91001

Application of Flow Measurement Method
Based on Space-Time Image Recognition
of River Surface

Haoyuan Zhao, Hua Chen*, Weigao Liu, Kailin Huang, Bingyi Liu, Dedi Liu, Jun Wang

State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan Hubei
Email: "chua@whu.edu.cn

Received: Dec. 7, 2019; accepted: Dec. 20", 2019; published: Dec. 27", 2019

Abstract

Space-time image velocimetry (STIV) is a time-averaged velocity measurement method which takes river
surface images as the object of analysis, and detects the texture orientation of a generated space-time
image to obtain the one-dimensional flow velocity. STIV method has special application potential in
real-time monitoring of river surface velocity and cross-section discharge since it has the advantages of
high spatial resolution, strong real-time performance, safety and convenience. Because this method is
still in its infancy in China and the shortcomings of the current flow measurement methods, this study
attempts to introduce STIV method to better serve the domestic hydrological measurement work. In or-
der to verify the feasibility of the method and propose research needs, a comparative experiment was
conducted in the Chongyang hydrological station with the impellor-type current meter. The result shows
that the relative error of the flow velocity of STIV method was less than 16%. The feasibility of this me-
thod is preliminarily verified in this experiment.
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1. 518

TR A KT TR SR R 2 —, B2 — VKOO ST A2 Atl . B R IR = 2% (i sh A5 1 BL
WG HNUBRIR T, AR S — B K ST 6 — TN XE ) TA . JEHRAE AT K S T 25
I tE U IR OL T, X T L SRBGA R . AR A A e i 5 B TR vaa ), A SR &I & 5%
H1 T B S Rk s C 40 A DA 2 2K

LR AU I B TR AR TR GE . PR DA 2 B i T (X2 (ADCP) A5 o Jtid AR & S i R
A B T AR PR A AT, FRE I R T RA T R R 12O VE R R AR B TR AT 2 IR T
BRI 2 o BN T —AN 562 300 m, W EA 10 SRR Wi, RIS R A & B0 — ke, —A
D TE] 75 2 40~50 730, TR T RAU TR AL ARV, — NI E] B R A A] 3k 5 AN/, HEZBE A A,
TUEAE 8 TR MR T57%, XM CLORIEAKSTIN IR N 5% B S dr 224, JUHORAE skt il 2 o
— A R ROV, %07 L I T K TR A, RS A W R R, R LR
bR RBAFBIWT R B[] (BRI IRAEN AR TUE . AR REEIBOT AR 2 AT E N, HazdnEAg
BAER AR KUK SO0 M 1B T bRk, 207 H il 2R AR &M ADCP T b 4Z 90 44K
IR IR FZR 1 K SRR G NBIE N, FFIZHTR ey — R B I 5% . ADCP 3 i BRER /K 7 i
SHARIZ B RAF KRR E, SIEBCRFFZ, ADCP A LL—Uill Sk 112 SUmis, A8 0 A
AR R [2]. MIERHT ADCP RNl R E, SBCT HAAR GRS W B SEHE I A 5 MRS R AR
FE L E RSO, BEAhE & IR R ] T ADCP £ 3KV B A

PEBEE (E S BORMRIE AR, T EIMR. S UL IR AR R e, Rk T R R 5%,
PRIECTRI B, Wk, RS R 2 R . WARARIRAE PRE A e 0 38 T IR IR T4, I VE SR Lo
XGRSt [3] . HE A AR RS IR T B B2, 8 A TR REH AR 77 2R
F ARG PR T, ISR s s b KT E . RS R 5 — AT BRI %, B
o i 5 R UG S A LA A (SAR) B IR HOR K R e, T BRI VGBI 5 F T 3RO T R IR 38 SOKALE R
Gl T I B A A K SO R A TR R . 1% TR RER] 70 R TR B8 A it . AR BLAG T R L SR
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ZAFREMTHAE =R . BT S B EEEIR EEH T 5B AR AL T, BT R SR s A Ak
R K PRI BAR 2R A 2 TR S Ak, ERT UK. JBd. YA HEZEIAE X DAk X ) o 2 N 2
PRAE R SR I0 5 B [4]. E LR, S — R i iR T BB R VA2 B T T2 . EEE
TAE] R — M BEBARNL, ) ARALABER K AR G R o i K R BRIIS B R B R/ o AR —PhERE Al =)
WIiE, el 7GR AR B A, ATRARR, PUE, S eI BRI R R R, JUHAE
15 b I TAERCA AT RE. Ak, ST H TS KGR BC A AR MR RS, X SEAIZ T2 IHE A
AL T RAFIAA, RIS TR A . RIS R EAG T VAR, %071 B0 R KRR B
TRIEL(LSPIV) FIE 25 IS TIV) 2R . LSPIV J7i%T 20 40 90 4EAR i Fujita 6 AN$2HH[5], & 5752 sLi
AT T R B TE (PIV) B AR Sk F T B A /K TR W B & & o 2 ARSI i
PSR TMIRANRHEAKIUREY), LA N F ORI, DEAS AN BAEAEN A B R W %, @il LR sy
Hr DX 42k A ER B8 SR T /KRS B KR R BB RS — 4ETd A [6]. RN, TR DL LSPIV NREA R, &
SE T B RKE BUS IR RSIV) R R HTFRE T HEERIE[7]. S8, LSPIV AFFE—Ledh i 1) Wl SEAH T /K
NG WA, SR RIRERYIR, BT ORER S AR B A, LAROKI USRS 5 4455 1520,
e 5 51 RE AT S50 B AR A R EOR ZE I K [6]s 2) A BT XSO/ NI BRAFTE I 2 A E . 5 T XTI K
D) 2 El T 2 )P 24 A0 B AR 2 14 72 (] 29 R 2R [8] o 40T X 3t /s 75 5 BRIk = H A BT 3 B0 LR ITAC[O]s 3)
BT 2 10K, TSR EMR[10]. MELT LSPIV, Fujita 25 AT 2007 4EH2 H ) STIV J7 iEAE W i o7t &0 &y T
JRELH B AP RE[10]. R STIV JPEAN REIRAR AT T8I 7 M () — SR 0 A7, (B L 25 18] 43 e e % ik 3 B fg
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()2 2T A 2 AT IR E I R0, SIS T AR [10] [11] [12]. b0 STIV J7iEda i v 52 R
R, Fujita 55RO AN RIASE00 M RN AR [13],  SUAEFH i /0 HE R I LD ARG WL TE B T 5T STIV IR
MENM[14]. HEGAT STIV 7 58 H EBAERER A, WirEE A b TP B .
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FE WA TAE. T Z LR AT IR T TRk, T 2019 4E 6 H 14 HAEWIALA BT T 52 PH /K
SC 5 e 2 AR AGEEAT T I I o
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I 2 R AL 35 A R R T AR AR AR S, S i 2 P U A TR ) T AR B R TS 2. R
Ph—ANsEfiRut I 2 BRI Ak & 1 BB BRI, B 2Lt SRR FTT 17, ZLRARIK
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Figure 1. Speed line setting
1. MERZRE

Figure 2. Space-time image of the speed line
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Figure 3. Process of texture angle solving
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2.4. VEHLERE SRS B KR
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ARFR (X, y) 15 SEBR 2 A B ARBR(X, Y, Z) 5K F 3R 19 [16]:

Ly (X=X, )+, (Y=Y, )+

Ly (X=X, )+, (Y=Y, )+

Lo (X=X, )+, (Y =Y, )+
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K (%, Yp) B & LR TTARAR, (Ko, Yo, Zp) R AHBLI SBR[ EL A Ak b, fARRERER, (Ax, Ay)URS
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ATHEAT LR 3 (8) I 45 B /K AL A8 550 HE I 2 MR AR — m ) S 2 18] B AR AR, DT SR A T 15 B8 00 o 4 ) 52
PRz

25, REARESHETE
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3. EEmhiEs
3.1 RENTA

H AT SCINES A U A2 545 2 A B 25 R B A, DRI 3 2 B AR I 77 25 1)
PrifE[2]o AT SRNE R BT RN IR AR AT AT S HER M, T 2019 4F 6 A 14 HAESBH/KSCu S e s
R OCHAT 7 0E LI o AT G & 5 A B A TE KU B [P E4T, DA A2 STIV 8 A 21 HLARIE—
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32. AEHESEHE

SR PRZK St A T A0 4 T 7 52 FH B Bl AT T, SRR THRTK R & A KSR, A Bl SR A K St
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Figure 4. Layout of ground mark points
4. HEFRE R HIR

RIE I 1 iR

Table 1. List of experimental equipment

=1 OAWBEMER
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3.3. ML HE
RIS RAR I 7 NI 5 e 1RSI B 22 ) EL AR AR 5 BT T AR BR 0 2 T o

Table 2. Coordinate of ground mark points
2. FRE R

. BP AR (R ) SR 3 1) EL A A AR (m)
b€ RS
X y X Y z
1 166.908 335.534 1081.071 831.879 56.23
2 564.024 382.765 1102.712 870.848 52.623
3 1075.57 361.064 1138.318 896.316 55.285
4 1635.811 382.872 1176.145 931.232 55.576
5 147.008 648.009 1027.994 968.48 52.404
6 589.209 738.873 1029.006 986.218 53.574
7 1097.026 706.88 1041.348 986.027 52.547

F L A B 15 B P 2 T VA 5 T 2~ IR A0 ¢ 3 o, b TR T A S Y VA S .

Table 3. Results of current meter measurement
F= 3 RRVNELER

ELT T 2 R B (m) RILE (m/s) FL T ILE (m/s)
1 70 0.54 0.395
2 80 0.67 0.530
3 %0 0.69 0.580
4 100 0.63 0515
5 110 053 0.440
6 130 051 0.410
7 140 0.35 0.205

3.4. MWEER

3.4.1. RERZE
PBE TR T 545 R Ak 4 s

Table 4. Results of measurement based on image method
4. BRENRER

N2y 5 2 ;B (m) i 2= R €V i DNAN (-9 R (m/s)
1 70 25.0928 0.5886
2 80 26.1604 0.6989
3 90 26.2567 0.7980
4 100 28.1977 0.6937
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Continued
5 110
6 130
7 140

20.7749

14.7121

12.4562

0.5757

0.5612

0.3980

3.4.2. BIERE

WVl 5 iz, IR T AR SR AR T T A R (A I AR O 0.7), U AGERU R TR I3 5 .

Table 5. Calculation of discharge based on current meter measurement
5. MEUERETER

Wi 5 AR (mP) H T4 (m/s) B2 (ms)
1 16.42 0.28 454
2 12.25 0.46 5.67
3 14.90 0.56 8.27
4 16.60 0.55 9.09
5 18.70 0.48 8.93
6 41,50 043 17.64
7 16.50 0.31 5.07
8 4.02 0.14 0.58

1% 5 AT, i PR A A B T N 59.78 mYfs.
@ 1
£
\/05 B = - 1
= :
2, tif R
s Taq ] | |
AP (m 7080 90 100110 130/140]
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20 b | B U A HE 2 R S | 1
= EURIEIE [0 IR ©
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Figure 5. Demonstration of the section
5. WrEREE
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I MR COETR
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58 o EgERE

0.7 0.71 0.72 0.73 0.74 0.75
R IE R
Figure 6. Result of the calculated discharge
6. METHELER
HR A 52 Bl 2 IR 56, 73 I EGR I R ECR 0.70~0.75, 2 MU ARVETHE W & . DABCGR I
HARECH 0.7 A, WriRERWE S5 Frox, EGERETHRWE 6 Fix.

Table 6. Calculation of discharge based on image method (surface velocity coefficient is 0.7)

6. BEREWERGEERERH07)

Wi 5 HB43 WA (m?) T L% (mfs) B3R ()
1 16.42 0.29 4.74
2 12.25 0.45 5.52
3 14.90 0.52 7.81
4 16.60 052 8.67
5 18.70 0.44 8.31
6 41.50 0.40 16.51
7 16.50 0.34 5.54
8 4.02 0.20 0.78

HI7E 6 AU, R MRUE REOR 0.7 1, 18I EURVETH A B R T HT At 8 57.87 m¥fs. 4% H8 RIRE R 7 i1t
S A AU R B A B A T TR R, 45 RN 6 R .

3.5. LRI
B ERTHRAR, WRET.

Table 7. Result of calculation

R HEER
LE= i A oA el 5 YR HIRHR
RIMFLHE (m/s) 70 0.54 0.5886 0.0486 9.00%
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Continued
80 0.67 0.6989 0.0289 4.31%
90 0.69 0.7980 0.1080 15.65%
100 0.63 0.6937 0.0637 10.11%
LRI (m/s)
110 0.53 0.5757 0.0457 8.62%
130 0.51 0.5612 0.0512 10.04%
140 0.35 0.3980 0.0480 13.71%

e 7 AL, B E GRS B R R KT OB ORI, AR R AAE 5% LA . s
o T TR R DR 3R R, R SR K T — $ T, 1 SRR A K IR % DK T 50 em
DL AR e R, DRI SO 9 AR BUSE IR T, TROK T 50 om 247 AbRIEE, U
FSOERIA R RIIOE, BT R E R VR TR RS . MR SL4IRE, tlE 6
B, B FUR LA B L7 A TR IR Y, AR 2 RIS 6%, W) S B K SO YT 2 el
TR 913 22 0 A0 & AR OV A B R
4. G5V

B RS W S T VAR R, AR SO S1 3 STIV v U i i iR & T s i TR . &7
I AE ZLBE AT SEIR T, 8 i 0 S5 VT 3% TR B R A A B K IR — A28 BN i, BRI AT DA 38 By 3ok 5 30 BA 55
TR EUE, XLEREFBNRHEIZ8) X2 SO R K R A8, 7RIS SR 2 R %
FARGUER . SUH A FE O/ N R B T R HRIE IR/, B ART DLd e iR SO A )R Nk R AR . N
TR Z AR AT, TR K oCul S ek AR OO AT T He RS, S5 RR M R SRAS R R TR E 1)
FEXT 1R ZE 3R HITE 16% LA, HR MFE T HAS BN EWAE SEVERE PN, WIEE U T E ATk

KR TR EIMA L TN STIV LT 588, B 1) FREXEXS STIV Fikmwm; 2) wEEIE
WEETT I, PEENERVRFE, DAIGGE STIV FVEfEE W R JeREAR b, BIRCSE5 2% KT BRAR 26A  103E N 5
3) XML B L AWK S DR B AT UM S AT B AN R FE VA, DA STIV J5vk N R (L s 47 4 5

B
R RFI 28 R 2K SCRAHZTR L ISERE, it LR B B b 5 B e«
E&ME
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