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Precise 3D coordinate calibration method for video-based flow measurement
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Abstract : In recent years, video-based monitoring has become a well-established non-contact method for measuring river surface velocity
and estimating cross-sectional flow. The basic principle involves calculating the pixel displacement velocity of water surface textures or
particles, converting it into the actual velocity using the spatial scale corresponding to each pixel, and subsequently using this velocity as
the water flow velocity. Accurate acquisition of pixel coordinates within the video frame is an essential process in video-based flow
measurement, which directly affects the accuracy of the final velocity calculation. A comparison of several commonly used video
calibration methods shows that current video calibration methods commonly suffer from low efficiency, insufficient accuracy,
environmental constraints on target placement, and safety risks for personnel. Through theoretical analysis combined with practical
application, the author proposes a laser positioning-based video calibration method tailored for scenarios without bank-based references or
in complex river environments. This calibration method typically requires less than one hour per site, achieving centimeter-level
accuracy. A case study of video calibration at the Xi Xiayuan Hydrological Station confirms that this method achieves an average error of
0. 04 m over a hundred-meter distance and an average pixel error of 1. 85 pixels, demonstrating a significant reduction in calibration error
and improving the accuracy of video-based flow measurements. This paper provides a detailed discussion of this method from the
perspectives of required equipment, calculation methodology, applicable environments, and key considerations.
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Fig.2 Schematic diagram of typical layout scheme

of external target points
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Fig.3 Schematic diagram of optical path of target points
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Fig.5 Laser spot image in camera
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Table 1 Measurement results of target points
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# 1 /m f/m Mg g
LUEUBAR 3 448.345 8349.632 128.73  Fi{uE HifiE
SRR 3438.714 8 315.871  135.47

1 3457.933 8388.384 121.72 84.5 1838.0
2 3460.278 8387.587 121.72  807.5 1840.0
3 3462.697 8387.325 121.72 1506.5 1814.0
4 3464.901 8386.718 121.72 2165.0 1809.0
5 3461.314 8399.386 121.72 194.5 1308.0
6  3463.792 8399.829 121.71  766.5 1262.0
7 3466.306 8397.638 121.71 1539.5 1314.0
o 8  3468.725 8397.364 121.71 2142.5 1295.0
E 9  3466.280 8417.931 121.71 179.0  681.0
A 10 3469.694 8419.032 121.71  799.0  624.0
11 3475.038 8420.554 121.72 1728.5 548.0
12 3476.656 8417.206 121.72 2269.0  612.0
13 3472.445 8441.307 121.72  152.0 148. 5
14 3475.730 8438.946 121.72  802.5 174.5
15 3481.179 8439.813 121.72 1647.0 124.5
16 3484.246 8436.843 121.72 2310.5 157.5

17 3466.887 8403.545 121.72 1221.0
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Table 2 Table of calculation results of PO direction angle

%% PS PO
FRAE &L — - BEmfm o) G )
TraebR BZY 7 B/ o) (o) M) /)

1 -1 140.0 -814.5 -2.95 2.11 75. 15 -10.39 72.21 -8.28
2 -417.0 -816.5 -1.08 2.11 73.26 -10. 41 72.19 -8.30
3 282.0 =-790.5 0.73 2.05 71.45 -10. 34 72.18 -8.30
4 940. 5 -785.5 2.43 2.03 69. 71 -10.32 72. 15 -8.29
5 -1030.0 -284.5 -2.66 0.74 74. 86 -9.03 72.19 -8.30
6 —-458.0 -238.5 -1.19 0. 62 73.37 -8.92 72.18 -8.30
7 315.0 -290.5 0.82 0.75 71.35 -9.06 72.17 -8.31
918.0 -271.5 2.38 0.70 69.78 -9.00 72.16 -8.30

9 -1045.5 342.5 -2.70 -0. 89 74. 88 -7.41 72.18 -8.30
10 —425.5 399.5 -1.10 -1.03 73.28 -7.28 72.18 -8.31
11 504.0 475.5 1. 30 -1.23 70. 86 -7.08 72.17 -8.31
12 1044.5 411.5 2.70 -1.07 69. 47 -7.25 72.17 -8.31
13 -1072.5 875.0 -2.77 -2.26 74.95 -6.05 72.17 -8.31
14 -422.0 849.0 -1.09 -2.20 73.26 -6.11 72.17 -8.31
15 422.5 899.0 1.09 -2.33 71.09 -5.99 72.18 -8.32
16 1 086.0 866.0 2.81 -2.24 69. 37 -6.07 72.18 -8.32
17 -3.5 -74.5 -0.01 0.19 72.19 -8.50 72.18 -8.30
SEHE -29.5 44.2 -0.08 -0.11 72.25 -8.19 72.18 -8.30

XFTAE R — AR E £, BE E AR B A ALY
6] f PO NLARAE LR T R 22 B AF A, LA A [l s

SRR EN B AIBLTT 170 A A7 A — 2 1 D 22 , AR 1) vh 3

58] PO K 59\ 10 ¥ 7 22 4 5 A 0,013 2° Fil
0. 009 4° 2% )8 IE % 0 [, 5 828R AR A
ML )£



541

FEIRARED O AR BRI (R R L) 1 PO T7 1)
fJe R TR S E DR AR, BV AR s R = A e g
TR )i £ B D5 1) #, BETTAS 36 TR BRI 25
A B2 T7 i, FLad s m] B AR PO T 1) £ SR ik i A 1) 0
B [FRE R TR E R SRS (] 22 26 B B AL AR

T A A5 B X B Y 1% AR b, B HAE AR HIL P B R 1%
{jﬁo
ARG IR T 17 AR E A, T i X R

REP NS ATIon = ﬁﬁﬁﬁmfﬁ o 8 (a) &l it bR iE
PG R A bR T B3 55 B A6 A - 'ﬁaq{ﬂl (B HE A X EE 43 #
& 8(b) WEid i S PR AL bR T 3R R AL bR IF 5 RAE(E F
X #T

W& 8 FIr7sARiE B ESIRIR 25N, i B AR bRt 22
&K H0.407 m, f/N g 0.010 m, FHJiR 2 K 0. 108 m,
AP B PO RN 95. 2 my S hRE S I S BRiR 22
bR a5 SR R TE A G, — R B AT | S BR iR 2
S, ST LA, AR R 2 4 bR s o5 AH AL B 4 0
BRI R ORI 58225 0. 101 m, P11
KiR¥EN 4. 94 pixels,

8450 /\\7 © O W
A
8 440 [r* **/ 0 . . . .
8430 [/ “00
/ / *
£ 8420 /;* *7// g « + *
g 840 |/ &= 1000 .
[ * // £ * * * *
3400 pe 500
[ ) s
8390 fpeny/ - EEy e x
8380 | == . . 2000kt~ R . a .
346034703 480 0 500 1000 1500 2000
2% /m BEITAE
(a) SRR (b) BFEALHR

(a) Measured coordinates (b) Pixel coordinates

K8 S-S SIS LA

Fig. 8 Evaluation of calculated values against measured values
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Fig. 9 Evaluation of calculated values against measured values

(b) Pixel coordinates

under the condition of optimization iterative algorithm

®3 BREHEREXITERRE
Table 3 Table of calculation results under the condition
of optimization iterative algorithm

B £ 1GFiRE SPRIRZE/m AP S/ m
1 0. 181 0. 002 76.6
2 0.523 0. 002 76.2
3 3.294 0.012 76.5
4 0. 820 0. 004 76.5
5 1.197 0.028 88.0
6 0. 583 0.014 88.9
7 0.551 0.013 87.3
8 0.379 0. 009 87.6
9 2.077 0. 064 107.2
10 1.946 0.012 108.9
11 2.626 0. 086 111.4
12 3.132 0. 063 108.5
13 1. 490 0. 084 131.5
14 5.488 0.267 129.6
15 2.152 0.015 131.3
16 3. 148 0. 056 129.1
17 1.844 0. 049 93.1
SFHIE 1. 850 0. 046 100.5

R4 BEBRSHER
Table 4 Table of calibrated parameters

£ {8 SR fH
FHLS> % 2 448%2 048 M35 FE/m 7.987
FEH/m 0.078 3 M 5E/m 11.723
BkiRsf/(°)  0.8546 A e/ m 15. 458
Bik K/ (0) 72,1770 MGHHPK/m 67. 384
ek M/ (°)  -8.3030 WO BE B/ m 95.200
TG R IR 1.850 0 I A/ m? 782. 260
FHIBRRZE/m 0.046 0 || ORI EIRZE/m 0.040
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Fig. 10  Inversion of a 2D flow field using a calibrated
LSPIV method(7:00, November 1, 2025)
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