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Research on texture orientation detection and discrimination method for

space-time images of river surface

Liu Jiaming Xia Xingyu Wang Junze Zhang Zhen
(College of Information Science and Engineering, Hohai University, Changzhou 213200, China)

Abstract: Space-time image velocimetry is a one-dimensional time-averaged flow velocity measurement method
characterized by high spatial resolution and real-time performance. However, it is susceptible to gross errors in
complex scenarios and requires manual parameter tuning, limiting its environmental adaptability. To overcome this,
this paper proposes a fused method combining texture orientation detection and discrimination. Based on texture
enhancement and frequency domain transformation, image segmentation is used to separate valid and invalid signals in
the spectrum. While detecting texture angles, the local features of the segmented signal are used for statistical
discrimination, thereby reducing noise interference from erroneous angles. Parameter determination, sensitivity
analysis, multi-scene comparison, flow rate ratio measurement and calibration test experiments are also carried out.
Results show that with parameters optimized via large-sample statistics, the proposed method reduces mean absolute
error by 58.32%, 42.94% and 29.66% compared to frequency-domain velocimetry using three different integration
radii. Root mean square error is reduced by 36.90%, 22.60% and 13.56%, respectively. In velocimetry
measurements at Panzhihua and Maozhouhe stations, the relative error remained within 7.88%. Calibration at
Panzhihua showed a systematic error of 0. 188% and random uncertainty of 4. 879% in cross-sectional flow. The sign
test, line fit test, and deviation test all passed, confirming the method’s accuracy and robustness in complex flow
scenarios.

Keywords: river flow measurement; space-time image velocimetry;image segmentation; texture orientation detection;

texture orientation discrimination
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Table 1 Experimental results of image segmentation with
rectangular search line parameters )
P
5 0.8% 0.9% 1L.0% 1.1% 1.2% 1.3% 1.4%
1.3 0.235 0.231 0.228 0.222 0.227 0.229 0.233
1.4 0.276 0.275 0.272 0.271 0.278 0.282 0.287
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1.7 0.231 0.228 0.222 0.220 0.226 0.231 0.237
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1.9 0.235 0.233 0.230 0.228 0.231 0.237 0.247
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Table 2 Experimental results on texture angle

discrimination parameters
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Table 4 RMSE of MOT detection under different
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60 51 5.16 17. 00 28 353 0.462
61 53 4.27 15.13 26 985  0.526
61 52 1. 98 16.55 28118 0.476
62 54 4.20 15. 05 26 752 0.505
62 53 4.77 16. 12 27 865 0.501
63 55 3.95 14. 26 26514 0.552
63 54 1.61 15. 80 27634 0.519
64 56 3.88 14. 14 26 310 0.538
64 55 4.45 15. 46 27 401 0.542
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SR NI RIS P-A 5 Q-C Wi BB AT b . RHIA
FZHCT AT MOT #:0ff5 MAE . RMSE FI5 2% STI %X
BN 3.4.5 iR,

£R3 FAEASHXTH#T MOT &K MAE

60-52 10.27 12.01 13.77 15.30 16.97 17.97 19.24
60-51 11.25 13.18 15.04 16.88 18.11 19.28 20.28
61-53 10.02 11.90 13.42 15.00 16.73 17.78 18.94
61-52 11.01 12.69 14.59 16.45 17.93 18.91 19.97
62-54 9.86 11.61 12.98 14.89 16.31 17.46 18.77
62-53 10.72 12.27 14.24 16.02 17.63 18.50 19.73
63-55 9.82 11.25 12.78 14.28 15.95 17.11 18.42
63-54 10.32 12.10 13.91 15.66 17.27 18.24 19.49
64-56 9.49 11.02 12.41 14.12 15.56 16.82 18.07
64-55 10.17 11.89 13.64 15.35 16.88 18.09 19.27

%5 FESHX FET MOT RMM G STIH
Table 5 The number of effective STIs for MOT detection

under different parameter pairs

P-A
QC 0.8 0.9 1.0 1.1- 1.2 1.3 14
.3 1.4 1.5 1.6 1.7 L8 19

60-52 24 380 25 356 26 311 27 232 28 124 28 778 29 564
60-51 25 356 26 398 27 440 28 346 29 193 29 945 30 673
61-53 24 161 25 132 26 093 26 979 27 862 28 564 29 323
61-52 25 109 26 137 27 155 28 112 28 982 29 705 30 445
62-54 23 953 24 933 25 905 26 745 27 607 28 348 29 112
62-53 24 892 25 897 26 920 27 859 28 730 29 478 30 229
63-55 23 748 24 737 25 699 26 514 27 381 28 142 28 895
63-54 24 668 25 672 26 681 27 627 28 496 29 246 29 980
64-56 23 572 24 524 25 488 26 308 27 180 27 913 28 672
64-55 24 432 25 446 26 460 27 395 28 263 29 019 29 770

Table 3 MAE of MOT detection under different
parameter pairs )
P-A

QC 0.8 0.9 1.0 1.1- 1.2- 1.3- 1.4-

1.3 1.4 1.5 1.6 1.7 1.8 1.9
60-52 2.56 3.11 3.75 4.39 5.17 5.72 6.40
60-51 2.85 3.57 4.35 5.13 5.81 6.49 7.11
61-53 2.48 3.06 3.64 4.24 5.02 5.61 6.24
61-52 2.76 3.41 4.15 4.95 5.69 6.30 6.92
62-54 2.43 2.96 3.50 4.16 4.83 5.46 6.13
62-53 2.68 3.27 4.01 4.74 5.54 6.10 6.79
63-55 2.40 2.85 3.41 3.96 4.68 5.29 5.98
63-54 2.58 3.18 3.87 4.58 5.37 5.97 6.65
64-56 2.32 2.78 3.29 3.87 4.52 5.14 5.81
64-55 2.52 3.09 3.75 4.42 5.18 5.85 6.51
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Table 6 Comparison of the proposed method with FFT-STIV

measurement results of different integration radii

ik MAE RMSE
FFT-N/2 9.50 22.63
FFT-N/4 6. 94 18. 45
FFT-N/8 5.63 16. 52
ARICT 3.96 14. 28
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TR T, FET-STIV & ZAR I 3 st i 8 B L 2 A
B AR AT i A B 238, TS SO I IR 2578 1. 8" LI, B
W e, UHAETEE SR T S 5 DL R 4%
T 5 BA 2 45 7™ L G B 3 = R A N 6 (b)Y R (o))
FFT-STIV ) =R 50 2 AR 1R 22 38K, i A S5 ik /] L
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TS =M 42 FET-STIV 9 MAE 4> %1 &
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Table 7 Multi-scenario comparative experimental results )
ATk FFT-STIV
Y5t PRic A MOT s R:N/Z‘ R:N/4‘ R:N/g
MOT W2 MOT w®ZE MOT W%
EH 142. 6 142.6 0 142.6 0 143.5 0.9 143.5 0.9
A 32.7 34.3 1.6 78. 8 46. 1 78.6 45.9 78.2 45.5
i 46. 1 44. 9 —1.2 45.6 —0.5 45.5 —0.6 43.4 —2.7
Ot 65. 8 66. 8 1 68. 4 2.6 65.7 —0.1 67.3 1.5
5587 70. 6 71.6 1 72.5 1.9 71.1 0.5 71. 1 0.5
I e 107.7 108. 4 0.7 88.1 —19. 6 105. 6 —2.1 108. 8 1.1
=GR 160. 1 160. 6 0.5 160. 3 0.2 160. 3 0.2 160. 8 0.7
Ik 137.6 135.9 —1.7 92.5 —45.1 108. 4 —29.2 108. 4 —29.2
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Flow measurement section at Panzhihua Station
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Fig. 12 Flow measurement section at Maozhouhe Station
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Table 8 Velocity measurement results

Mk WLk A/ ANTMH/ FFT-N/4/ FFT-N/8/ ResNet/ AICJ5#k/ it A X R 22/ %
78 Ui m (mes™ ) (mes') (mes ') (mes ') (mes ') FFT-N/4 FFT-N/8 ResNet A3 J5:
1 55 1.54 1.58 1.56 1.45 1.56 2.78 1.53 —5.72  1.53
2 65 1.68 1.63 1.52 1.57 1.76 —2.88 —9.54 —6.72 471
R 3 90 1.92 1.94 1.78 1.72 2.02 1.17 —7.38 —10.27 5.41
R 4 105 1.84 1.73 1.73 1.70 1.79 —5.91 —5.51 —7.36 —2.62
St 5 120 1. 84 1. 81 1. 81 1. 82 1. 84 —1.40 —1.81 —1.06 0.23
6 135 1.81 1.91 1.82 1.74 1. 89 5.11 0.29  —4.03  4.28
7 155 1. 40 62. 41 1.22 1. 40 1. 44 1349  —13.34 —0.20  2.49
8 30 1.55 1.27 0. 96 1. 47 1. 67 —17.98 —38.04 —5.07 7.85
9 65 1.12 4.22 3.25 3.84 3.99 2.40  —21.08 —6.82 —3.18
BRI 10 90 4.72 4.67 4.51 4.56 4.77 —0.99 —4.32 —3.32 1.13
ETEE 11 105 5.05 5.10 4.70 4. 99 4.88 1.07 —6.91 —1.11 —3.29
K5 12 120 5.11 4.64 4.68 5.12 4.93 —9.17 —8.48  0.22 —3.50
13 135 5.04 4.96 4.96 4.96 4.92 —1.58 —1.60 —1.58 —2.38
14 175 1.54 41. 36 1.50 1.49 1.47 2579  —3.09 —3.48 —4.78
15 83.1  0.74 0. 60 0. 60 0.73 0.77 —19.22 —19.22 —1.83 3.05
- 16 75.1 1.01 1.79 1. 31 0.98 1.08 76.49  29.01 —3.26  6.89
E MR
o 2 17 71.1 0. 94 0. 90 0.91 1.02 0.87 —3.87  —3.19 8.8 —7.14
- 18 67.1  0.83 0. 82 0. 81 0.75 0. 90 —1.38 —3.06 —9.91 7.88
19 59. 1 1.17 1.18 0. 94 1.10 1.23 0.37 —20.14 —6.14 5.09
20 55.1 1.25 1.25 1.18 1.25 1.24 —0.14 —6.03 —0.30 —0.76

|
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Fig. 14 Noisy frequency spectrum
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Table 9 Flow measurement results

SR/ R/

H KA _ R & 144
(m’es™) (m’ss™ )
2021-02-04 986. 19 454 582.00
2021-04-07 986. 22 461 586. 65
2020-04-16 986. 34 495 665. 37
2021-04-15 986. 37 508 655. 45
2020-12-28 986. 41 515 668. 30
2021-03-16 986. 95 676 861. 74 &
2021-02-23 987.03 693 872.39
2020-12-10 987.61 891 1 148.75
2020-12-16 987.76 945 1163.25
2020-12-15 987. 84 975 1277.77
2020-10-04 991. 31 2 542 3 100. 65
2020-11-10 991.76 2792 3 292.85
2020-11-11 992. 22 3 058 3 699. 54
2020-09-04 992. 90 3471 4 355.53
2020-09-28 993. 24 3 687 4 676. 10
2020-09-26 993.72 4 002 4 952. 88 i
2020-09-22 993. 96 4165 5 152.99
2020-09-20 994. 21 4 342 5 126. 20
2020-09-19 994. 83 4796 5 805. 68
2020-09-13 995. 28 5129 6 407. 65
2020-09-14 996. 11 5661 6 450. 10
2020-08-21 996. 77 6 296 7 242.05
2020-08-21 997. 29 6 734 7 626. 69
2020-08-18 997.58 6 906 8 214.15
2020-08-21 997.95 7 309 8 264. 68 .
2020-08-21 998. 00 7 354 8 102. 25 ™
2020-08-19 998. 99 8 262 9 289. 35

2020-08-19 999. 20 8 462 9 218.74
2020-08-20 999. 44 8 692 9 382.69
2020-08-19 999. 75 8 995 10 041. 27
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Fig. 16 Water level and flow relationship diagram
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