2026 41 A Kiz LA Jan. 2026
Bl P 643 Port & Waterway Engineering No. 1 Serial No. 643

EFHFT 4 ST NEEE
Tz SR A USSR A 5

Kok, # &' FURL, TFW’

(1. KT ZaBAns 28, #ib 8 4430005 2. "5 RETRKF, BT & /RIE 150001)

FEE: AR mAs Ee il P AEEN S RE GRS B, AFILFTH TAEMERR AL =% F 3 ERHNR
BMEREPHAER, TFRATRFFASWARASGEZH BN T EML, B3 TFLLFEHMABEBEER, BT

7

FHREHIFEF AR, MABALRBEIKRE0.5s AA; @B FLEABASREARAFRZLS L%, FALEEIH
5= ROBFRERELZNTO0.1px, ARIZZEMETREADASTRE L ZAGAGFEN, FRER, BAFEAY
AW Elzah;'\}i' ﬁiff]%li 95.3%, AR ) 21%7;{;5}5_'%’]4110 05 m/s W\I}‘]~ /a%/ﬁﬂf‘] ﬁﬁ’#;r_ﬂié/]%’ b B ﬁ—/%l? % ﬁ%%i%

RAAE RS YN 6 F b S HE, e H LR LEH THBMEAETERBETREORAR L,
XEIF. HFEA, MmaRs, AANEN,; JUTRIE
FESHES. U612.23 XEkFRERD: A XEHS: 1002-4972(2026)01-0217-10

Digital twin and video fusion-based real-time monitoring method of

channel surface flow pattern
MIN Xiaofei', HAN Yue', LI Mingwei’, WANG Yutian®
(1. Three Gorges Navigation Authority, Yichang 443000, China; 2. Harbin Engineering University, Harbin 150001, China)
Abstract: A study on real-time monitoring method based on digital twin and video fusion is carried on to
address key technical challenges in real-time monitoring of surface flow pattern in channels, such as difficulty in
fusing multi-source information, insufficient accuracy in correcting geometric distortions in videos, and inaccurate
dynamic mapping of 3D scenes. By developing panoramic real-time video surveillance coupling technology, the
compatibility problem of heterogeneous device data is solved, and the video stream access delay is reduced to less
than 0.5 s. By developing an intelligent fusion algorithm for surface flow monitoring videos, the pixel level
matching error between monitoring images and 3D scenes is achieved with less than 0. 1 pixels. On-site testing of
the surface flow state intelligent perception system is carried out in the Three Gorges channel of the Yangtze
River, achieving an automatic recognition accuracy of 95. 3% for typical flow states such as rapids and backflow,
and controlling the flow velocity measurement error within +0. 05 m/s. The results indicate that the proposed
intelligent fusion algorithm and system architecture significantly improve the real-time and accuracy of channel
flow monitoring, providing reliable technical support for navigation safety management under complex

hydrological conditions.

Keywords: digital twin; video fusion; flow pattern monitoring; geometric correction

i EEL: 2025-04-24 FHABHE.: 2025-06-19
*HEWE. KIMSEFTEH T EAEIA B (2024-CHKI-007) ; Kiz =k @AF A A (4307 B (KJ2022-02A)
EEEN: B C(1977—), B, SR IREIF, NFRMAAEBEATHIP T T/,



- 218 - K iz L A2

2026

R A MK 2 2 4 S RE S B H A
B, HE(2024 EASRIB AT R R GETHA ) M
7, TR P VT 1 A B AR A 12,87 J7 km, AFAE
Bl 5012 t; RIS (IS TEIRR . ERMEERR)
SAP AL e A B A AN K A R (F R )
66 2, [ FAETFIE25.8%; FET R 63 N, T
19.2%; VUM 15 18, TRE37.5% ., WaDWEH AT A s
PR\ B FOUAEE (O o 58 A8 TV B 358 929%™ )
FrAE FACTE IR TAR (U VTP I AU 43 o6 30 i
TRIERIET 2 98% ) |

H £ 28 A4 5 U0 & H R 1 & H 25 Bl
B BT AR FRAE KR A 4R 1 28 A
VO R, 40 36 [ RG4S TR O AT kO
Mississippi River Digital Twin &%, #id#E /K3
FIASRY G W B B H , SEER T IR S A T A
BE £0. 15 m/s 1 FRIEI 2 4R 0 = 4R ATE B
A HESR R A0, = A XA AR I A A i
FECY s MUAR A AR 8 1 22 U S 0 Al 4 T
WDz RE, 8 Festo 28 FF R MBI REMIE R 4,
e 4K U S OLTE B8R, LT 0.5 m/s i
G220 ENFR R, TR W
MR HT AL, FER 2O &AM T m AR
BIERA %55 94. 7%

AR 3G A I 5T 2 T I A 1) S I R AR A
R, bR S B A A P ) S A R A
FTE N R AR T R B Ay 1

1 SEERENAEHRR
1.1 2R S H2 A5 =R G 1k
AR RTSP W i3 3E 47 804 fift B, 45 &
VLC WK 55 7% | Nginx 85840 50 K = 4 e e 4k
AR, I T I RS S S F AR R Y
SRR A SRR, WA 1, AR
A Z ] ) B i At =X e 2 () B A IR B, A i
TE R A 1 SE B W 580 2R S Sy Bk B 4
PETHARLHE, ZAAh, ) ZRETMA, AL
PO L 4% R S8 AR AR G e o R, W
TLAE R G % 2% L I 1A P i RTSP, Jf 58 i
VLC WA IR 55 255 RTSP i S2 465 4 OGG #4%
3, RPN TR 1 4 (] 1 LA A e 2 1k 1) ;)

AR AN 25 25 R AL AR B ale , s r iR 5 5
=GR AT OC 2R, 2) BN EL DTN, B
Sl g ) [ L AL M 415 o e A R P i 5 — A
HARPE , AT A Nginx /G, 8 76 ] 55 %
P B R AN I Y Y SR R AE L, SRS e R
T DRAS ) 0 25 PR B9 WAL It A e A iy, 1T
ARG T 0 B LU SR MG BRI, OREE T RS
POZRIE N, 3) SEIf =4k g, FIH] WebGL — 4
TG 158, ¥ HTMLS WU AR A A B 4 45 0 2
B354 S IS T BU RSP TR Y T ST T o
PR A ) AT 5 i 40037 St ) e s R D S A I
RA LIRS

RTSP# 1 o ) Node.js
s | VLRI }tki’ﬂ?ﬁ%]
CesiumlS 1 HTMLS ) Nginx
51 H ) 51 H ) ARHLRE I

E1 £EIHimkEEeRRFALRE
Fig.1 Development process of panoramic real-time video

surveillance coupling technology
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Tab.1 Intrinsic and extrinsic parameters for visual
cone calculation of video surveillance equipment
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Fig.2 Visual cone of video surveillance

FRTLIA N 5 DAL ER, s 1 Bk
WIth AL = e RIS M A 4G 1) S AR IR B
RUAR AR A B H AR B S PR BREE BT 2) A2
PR 45 i HE R, BP 3@ i3 Matrix4. from Uniform
Scale PRECRE 140 M 29 5 4 B A i Lo 491, o S
AR ERE TSR [ 5 3) el s a], HHg A=
B8 A A5 Y F [ B 45 Classification Primitive. model
Matrix, IURS = ZERLHRI 5E 2 o) RO FRifELL .

552 N EARDLISR RS, A5 1) F A
PLSEL, R AMBERARAR , Zsfalalii)  DRRLAR . Bk
e 2) A R AR RS, B Camera. inverse
View Matrix 715, 5 ELSC T A AR A5 B2 ) B 55 A AH
PUARXS AR A5 3) fis A B kot 280, Bl ALY
AL W TE L, RS R R 4) B
Y2 56 M, B8 i Perspective Frustum. projection
Matrix $1 5, B = 4 25 [0 9 0K 5% 0 ol — 4k 15
T,

B3NN LHERFEE, . 1) AR
#52, HIHUT Matrix4. multiply iz 5, B 396000 E JE
M SPGEHREAR SR 2) A= UL RS2/, it
485 SRy 30 R L 45 R R AL S LR 5 3) AHAILAR
PI#ME:, B &i 4118 F Camera. View Matrix, & 1F
B8 3k A [ EHE W A%

54 WORTE VS AL, 4. 1) ZRE BRI
FIERE . BEEEE 1 2519 model Matrix 5% 3 A4 1inY
MEBGEHMEOCEE, A NS —E OS5 u_box MV;
2) A B3 o) AR e AE [, B3l i Matrix4. inverse 1T

B u_box MV [Hii%iFE, %t 4 u_inverse Box MV;
) SHFEAE LY, BB {u_box MV ,u_inverse
Box MV} Wt 5} %] Classification Primitive. unifom
Map, 5¢8IE B4 HTHY T A 5 .

55 A APUTIEYY, WEE. 1) )8 3h Classifica-
tion Primitive Ji YL45 26 ; 2) = 4E M AU AR 45 25 it 1Y
FEMES R, Joiiiad u_box MV SZ B AU 55 [a] —AH
ML (6] — 5 % 23 (8] ) 2 e A8 e, F338 3 u_inverse
Box MV 3 FF 14 2 55— Hi B AR bR 1Y S ) A5 i
3) et ) 2L A5 H ML SR RE D 1 = 4ETE YL 2R

AR SR B 25 A B S v R R A A I T A
TSR R T 58, BRI SUTE T S DU 4R
SRR AR R | THIE T canvas ZAS
2] ) 22 1m0 TE R S DL A SR SR A S
PR R, EBORTER ST By 4%
G EA TN OE, AEREESBEMS 58
REAT BT PR AL T LAl S5 WS 2 R A A 1 5
BLESAILIE 3,

HEIE ﬂﬂﬂﬂﬁéﬁ?: T PRLRA ﬁf%‘ 1N

= fiff . TeRe A FEIE . THERRE &
Matrix4.from Unifo- Camera.inverse Perspective Frustum.
rm ScalepR%{ View Matrixit& projection Matrixit8

ST A bR AR
il

4TMatrix4.multipl - g L
' BT RA F
P TMatrix4.multiply

Camera.View Martix

Classification Primitive.

Classification Primitive.
unifom Map

model Matrix
[ |

)

‘ Classification Primitivig 4 }

B3 ST R S R SO B 2
Fig.3 Implementation route of video surveillance
visual cone algorithm

12,2 A0 A 2y A 5

BB 25 A2 0k B AR A ISk e A ek
SEAEBILRE, oo BAR e E FEIE R
JUITIE 25 WG 728 Sy A2 ) Wi 748 14T [] W 72 44 256
P A i B kot sr BB 51 Ak, R HIE
ALY, Wi Bk, k. ky TR



- 220 - K iz L A2

2026

RUE R RE ;D) o) W AR T sk 5 A RS 2
iRz, FHEG LB AmE, hSH
piv Py RALARRFRAE I, KBRS 1) A
FHRAPLN SRR R R AL bR 0 — fL b B, B4 =
JCRHABARZR 5 2) I AR 1o W 28 2 B0 B FUG b
FIAZRLC B M 3) 3 U ) i A8 240 1E
Ere P S ORI R A A0 RS T BN CIE 2
PIZEIAE , W P TR LR L, A5 R ml
PRAR SR, A RO e I

HARH) R A2 B R 2R TR
PLESN SR, XA 5 BB PLI N RS 8L,
UNARRE | 2 O B I A AR A ok 4 2 O ik
BALR B Bl R = AT, WA (1),
A M P A — S T AR AR 25 B A 1) LU i) e
AT LRSI i B4 45 3R AL B 2 A 9 2 (] BHLARUIR 28
ENIIEIRE SN =g b i

fo 0«
K=|0 f « (1)
0 0 1
Xy K EHLI NSRRI f, | f, 730108 x,
y IR o o, PN R X,y ITARRR,
P IEARAR R AR (e, v) B4 R T — AL T A A
(Koo s Yoo ) » NFHN :

(2)

('xnorm ’ynorm ) = (

u=-c, v-oc,
7
g T IHBRARS [h] W AR RN, A A A 2
IS FHAR B A [ e A2 S50 (A0 ko ky T ky) XFIH
— A AR BRI TR AR
Xyt =X (1 + k77 + it +kyr®)
{ydm =y, (1 +k, " +krt + k) <)
KM Xggon s Vaison HBIESTBYH—A T AR 5 7
PO L RaiE e

LRV AR 25 (p, M py) , XIH—1k

Vi R AR AR EATRAE, AT iR T Bk AR
SRR DA LT AL, 30 .

— s 2
xdistort - xnorm + 2p1'xm)rm) norm + pZ( r+ 2x ﬂﬂﬂﬂﬂ )

—_—y 2 12 ?
.Ydislorl - ynorm + pl( r+ 2.)/ norm ) + 2pZ‘xnorm.) norm

(4)
(3) . (4) AR 2 -
= X F Voo (5)
BRI IR] I A7 A A2 1] W 72 T LT) fia W 2% P
i A A 1) W A RIUT) 1] W A A E A 2R
AT, DL PR B T LADAS B, R 3 24 s S7.
EECEIR

_ 2 4 6
Xisort = Xpom (1 + K17 + k0" +kyr”) +

norm

2p1'xnormynorm + Pz( r2 + 2"xiorm)
(6)

— 2 4 6
Ydistort _ynorm(l + klr + kzr + kSr ) +

P+ 25000+ 25X 0m Y nom

WX A D BR, H AR T A AR bR
283 AR ) A v W 78 A TE S, 4 B R ke S )
BRI b, AR E AR R AR R AR,
XA A bR 0k B, B 2] LLARAS — IR LA B
TR . AFA B I B Y 2w R ER
ITE (X gigort > Vaison ) VIIRTEH — AL F, B X
A pRIE BRENMR R AL bR, B 5 R 2 A iR
ELE

' =X fo T €,

V' = Yagon fy F €, )
K w' o VR EBREAR SRR AR, XA AR
T2yt 148 ) AU o) e 28 0 XCE A OE, Bk T
PG A8 3R AU 25 BRI 722 52 ) I 7 >4 4 T 1Y
WERROLE, BRI, JRAS i T 8 Sk O R P
BRI T B A5 LA T, G B iR T AR
GEDVAC I )| B TNERSWEIE 7/ BLib 75 -G 4k T )
FMASROCR LA 4,



%14 Reb&, . ATHFFASMMaA0AE £ @RS F o Bl 5 kR - 221

a) iR

b) LG
4 AFEEEEERERR

Fig.4 Effect of video surveillance

screen distortion removal
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Fig. 5 Video surveillance screen to perspective principle
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Fig. 6 Geometric mapping rules
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Fig. 8 Effect of real-time twin video surveillance picture of channel surface flow pattern
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Fig. 9 Framework flow of intelligent sensing online monitoring solution system for surface flow pattern
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Tab.2 Partial test data of conventional working condition
MLEFH A/ (m-s™")  ZEEWE/ (m-s™)  HORIHIEE/s  REAERMSR/ps  WRIRE/(ms™)  WSZONHIMER /%

0.676 4 0.710 1 0.561 9 25 -0.004 5 95.02
0.747 17 0.782 8 0.528 2 25 0.051 3 95.31
0.792 2 0.812 6 0.495 6 25 0.001 2 97.43
0. 666 2 0.642 7 0.465 7 25 -0.029 4 96. 47
0.628 6 0.615 8 0.499 2 25 0.047 9 97. 96
0.627 5 0. 609 7 0.573 9 25 0.022 5 97. 16
0.647 2 0. 666 9 0.545 7 25 -0.013 6 96. 95
0.613 2 0.630 1 0. 460 4 25 -0.003 2 97.25
0.625 1 0.642 5 0.538 9 25 0.024 3 97.22
0.650 0 0.618 5 0.468 9 25 0.0336 95. 15
0.645 2 0.618 6 0.553 6 25 -0.0156 95. 87
0.576 6 0.551 8 0.530 8 25 0.042 9 95.70
0.529 1 0.544 7 0.464 2 25 0.008 5 97. 06
0.390 9 0.405 8 0.475 4 25 0.010 5 96. 19
0.3515 0.343 1 0.548 4 25 -0.036 1 97.61
0.274 5 0.262 3 0.5307 25 -0.0259 95.55
0.3152 0.299 6 0.474 4 25 0.008 0 95. 04
0.368 9 0.383 6 0.542 1 25 -0.0115 96. 02
0.364 9 0.3817 0.467 4 25 -0.034 6 95.40
0.3120 0.303 5 0.443 8 25 -0. 008 4 97.26
0.2349 0.229 4 0.454 0 25 -0.003 9 97. 65
0.300 5 0.3103 0.581 8 25 0.020 1 96.75
0.244 5 0.2325 0.491 9 25 -0.005 9 95.08
0.226 4 0.220 8 0.485 6 25 0.016 1 97.51
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Fig. 10 System twin recognition screen( unit: m)
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