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Visual measurement method of water level in rivers based on virtual water gauge
generated by cross-section data
Wang Qiyu', Zhang Zhen'’, Zhang Tianyu', Wang Jiacheng'
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2. Key Laboratory of Hydrologic-Cycle and Hydrodynamic-System of Ministry of Water Resources)

Abstract: To address the problem of low accuracy and poor reliability of water level monitoring caused by water gauges being easily
entangled by floating debris and damaged during flood periods under shore-based camera deployment, a mapping relationship between
the pixel” s vertical coordinate of the waterline in an image and the actual water level was established based on monocular
photogrammetry. The pyramid scene parsing network was employed to perform semantic segmentation of water and riverbank regions.
Meanwhile, cross-sectional terrain data were combined to construct a virtual water gauge, through which the pixel’ s vertical coordinate
of the waterline was converted into the actual water level. Experimental results show that the root mean square error of waterline
detection is less than 2 pixels. By properly selecting cameras to control the spatial resolution of imaging elevation, the accuracy of water
level measurement can be better than 2 ¢cm. With inclined shore-based camera deployment, the proposed method achieves fully non-
contact online water level monitoring without requiring a physical water gauge or ground control points. It has the advantages of low
operation and maintenance cost, strong robustness, and intuitive results and is applicable to irregular cross-sectional scenarios such as
natural rivers and artificial open channels.
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Fig.1 Basic process of water level measurement
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Fig.2 Schematic diagram of system layout
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Fig.3 River cross-section topography data
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Fig.4 Model structure for pyramid scene parsing network
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Fig.5 Cross-section topography and measurement system layout at measurement point 1
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Fig. 6 Selection of ROI and generation of virtual water gauge at measurement point 1
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Fig.8 Waterline detection and segmentation at measurement point 1
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Fig. 12 Waterline detection and segmentation results at measurement point 2

SREAFEEF I PR AR AL R 7 i S A5 14 o 2 1] S 3 AT LA A A 00 oK B8 42 AU 2 em LA
W o A5 HEIE FH T RER TN T2 S AN AL s 0 W, HG rp ) SR SR it 375 5t S 3 P B 1 T 25 A
Fet i R A8 88 o 7K SCal s R 7 A B s S v el ) 0 s N TS5 ol T Wi 548 , B TGy
AR SE BRI PEANAE T 1 ARSI 5 R B KL BRI vk (LSPIV ) (W28 BRIk (STIV) 255 & T
BRI E AR A KA, RIS FEAEZR I, SR, A SOMEAI A — € W R RAE , BT =
PR/ NG TEWT T I T, SR AR LA AU A J3E P8 o 0 R S e e 22 ] 9 23 ] G BIR 1 4 2
Tho BEAM BIEMEOE I SR ZU R MUK DS R EL A0 T 18 ORI i & PR AT e itk — it . Aok
PSR B AT AT DR 2RI, AT TAT = R BE B ARML S B RGP A, I3 7 5 38 A I e A P B
A, VAt — AR T 50 BORG BE RS FH

S Xk

[ 1] Naderi M. Assessing level of water resources management based on water supply and availability concepts[ J]. Journal of Cleaner
Production,2021,305;127086.

[ 2] Z8E4e, 28007, AR, 45, S0 4% W 20 % AU S B AR B CHE I R e [ 0] K BEUR PR 47, 2022, 38 (1) : 106-116. ( Luan
Qinghua, Qin Zhiyu, Wang Dong, et al. Review on monitoring technology of urban road waterlogging after rainstorm and its
application[ J]. Water Resources Protection,2022,38( 1) :106-116. (in Chinese) )

[ 3] Ros, 04 Jtiar b, T 2% Wt 5 9 3 R AE 5 KU PR A B ST JR [ T 1. AK R K F Bh 4 5 )8, 2025, 45 (1) : 1-9. (Xu
Zongxue ,Lu Xingchao, Shi Qimiao. Research progress on urban flooding disaster characteristics and risk assessment [ J ].
Advances in Science and Technology of Water Resources,2025,45(1) :1-9. (in Chinese) )

[ 47 BRI, J5#, B EZL 7 FROKM K s RIF5E [ )], LR R4, 2014,42(10) :3103-3104. ( Chen Shunsheng,
Zhou Ke, Lyu Zhonglie. Study on the water inlet of float-type stage gauge[ J]. Journal of Anhui Agricultural Sciences,2014,42
(10) :3103-3104. (in Chinese) )

[ 5] Fh &SRB R B4 [ T]. M2, 2002,22(2) : 52-54. ( Feng Jiangin. The application of the pressure-
type water gauge and its precision analysis[ J]. Hydrographic Surveying and Charting,2002,22(2) :52-54. (in Chinese) )

[ 6] LhUf, 53R, "8 , 5. —FhLT ZigBee £ AT T AR 7 KA B[] . /KAl BBk 8, 2011,31(2) + 89-
94. (Ma Juan, Zhang Zhen, Yan Xijun, et al. Design of ZigBee-based ultrasonic water gauge for river model[ J ]. Advances in
Science and Technology of Water Resources,2011,31(2) :89-94. (in Chinese) )

[ 7] FEE FOCKNTHELL KA ZE K SCu BN FH [T ] T PEZKRIK HL,2012(6) :4-5. ( Tang Xin. Application of laser water level
gauge at Duan hydrological station on Hongshui River[ J]. Guangxi Water Resources & Hydropower Engineering,2012(6) ;4-5.
(in Chinese) )

[ 8] JH&H: 297 3k IE. KRR AR A Bkl BE B i K AT OCBER R 5 [ 1] 7K 3C,2017,37(1) :68-71. ( Zhou Dongsheng, Zong
Jun,Zhang Heng. Key technology of radar water-level gauge with wide range and high precision[ J]. Journal of China Hydrology,
2017,37(1) :68-71. (in Chinese) )



55 3 1 TEIRE* 2 R W TR 5000 £ AR DL/ R 3 7K o7 AR D0 k5 v 27

[ 9 ] Chen Guijun,Bai Kejia, Lin Zhengchun, et al. Method on water level ruler reading recognition based on image processing[ J].
Signal ,Image and Video Processing,2021,15(1) ;33-41.

[10] BFZEN, K BT, FHIEHT, 55, DetSegNet : — TR 15331 14 2 b5 B2 K ROK LA 9928 [ 1] i 27244 ( F AR B2
f),2024,52(2):28-34. ( Fang Aiyin, Wang Yongxian, Yin Ximeng, et al. DetSegNet: a high-precision water gauge level
detection network based on detection and segmentation[ J]. Journal of Hohai University ( Natural Sciences) ,2024,52(2) ;28-34.
(in Chinese) )

[11] Lin F,Chang Wenyi,Lee L C,et al. Applications of image recognition for real-time water level and surface velocity[ C]//2013
IEEE International Symposium on Multimedia. Anaheim ; IEEE,2013.259-262.

[12] SRICHR, k4, 208, A5, T EHRTE SO0 R A A AL AR M 7 vk [ ] Il R 2274 ( A SRR AR , 2023, 51(5) :24-30.
(Zhang Wenjing,Zhang Zhen ,Huang Jian, et al. Intelligent water-level monitoring method based on image semantic segmentation
[J]. Journal of Hohai University ( Natural Sciences) ,2023,51(5) ;24-30. (in Chinese) )

(137 53R, 47, £ 2k, 25 FRufE XU K RO RS B K A [ 7] AR R 27 3], 2018 ,39(9) : 236-245. ( Zhang Zhen , Zhou
Yang, Wang Huibin, et al. Image-based water level measurement with standard bicolor staff gauge [ J]. Chinese Journal of
Scientific Instrument,2018,39(9) :236-245. (in Chinese) )

[14] Kim J D,Han Y J, Hahn H S. Image-based water level measurement method under stained ruler[ J]. Journal of Measurement
Science and Instrumentation,2010,1( 1) :28-31.

[15] Zei, 22408 eql BF RS AL L BP #2245 K 7 IR B FoE [ 1], AR #,2015,37 (12) : 12-15. (Li Yi, Lan
Huayong, Yan Hua. Research on water-level recognition based on image processing and BP artificial neural network technology
[J]. Yellow River,2015,37(12) :12-15. (in Chinese) )

[16] YT, 7)1, MG, 3 T PG AL BRI K AL R 3k (1] K L REIRB}2,2015,33(4) :96-99. (Bao Jiang, Tao Qingchuan,
Zhang Peng. Image processing based water level detection algorithm[ J]. Water Resources and Power,2015,33(4) ;:96-99. (in
Chinese) )

(17] Escst, BRI, AR5, 45 56 T 1 SO0 800 A 07 AR (2R I 75 2 F 58 [0 ] AR AN 3R 7 4k, 2023, 44 (2) : 238-247. ( Cao
Wenzhuo , Wang Taigu, Xu Bing, et al. Research on water level detection of ship lock based on semantic segmentation[ J]. Chinese
Journal of Scientific Instrument,2023,44(2) :238-247. (in Chinese) )

(18] FELT B SEHTE 45 ST Ummet BOKBIZ KoM 1. 3 BE4,2019,40(3) :361-36. ( Cheng Shuhong, Zhao Kaopeng,
Zhang Shijun, et al. Water level detection based on U-net[ J]. Acta Metrologica Sinica,2019,40(3) :361-366. (in Chinese) )

[19] PINBEZE, T 55,2848 5. 3 T BRI o ks ROK A2 88 ARMFFE[ ], KFIKE TR 24,2023 (4) :91-97. (Sun
Yinghao, Ding Yong,Li Denghua,et al. Research on measuring technique of water level without scale based on image recognition
[J]. Hydro-Science and Engineering,2023(4) :91-97. (in Chinese) )

[20] PMESE, BT, 2EKT, 45, S5 T oK RUK A I 5 50K (0 S R REAGHIN 5 ik [ 1] 222241, 2024, 53 (3 ) : 558-568.
(Sun Chuanmeng, Wei Yu, Li Xinyu, et al. Intelligent detection method of image water level inversion for water level without
water scale in complex scenes[ J]. Acta Geodaetica et Cartographica Sinica,2024,53(3) :558-568. (in Chinese) )

[21] Kim K,Lee N K,Han Y et al. Remote detection and monitoring of a water level using narrow band channel[ C]//Proceedings of
the 6th WSEAS International Conference on Signal Processing, Robotics and Automation. Corfu: World Scientific and Engineering
Academy and Society (WSEAS) ,2007:25-30.

[22] &4 5KEE X%, 5. BT EURAL B /INBK K A B 7 ik [ 1] K L BRIEARRA%,2019,37 (1) :28-32. ( Nie Ding, Zhang
Yan, Liu Yi,et al. Water level measurement method of small reservoir based on image processing[ J]. Water Resources and
Power,2019,37(11) :28-32. (iin Chinese) )

(23] ARHE, B3I T X H AE R K L= [ 1. BRI AL, 2017 (8) :55-59. (Shi Hanyao, Tao Qingchuan. Water level
measurement based on binocular vision[ J]. Modern Computer,2017(8) :55-59. (in Chinese) )

[24] Chen Juifa,Liao Yuting, Wang Pochun. Development and deployment of a virtual water gauge system utilizing the ResNet-50
convolutional neural network for real-time river water level monitoring:a case study of the Keelung River in Taiwan[ J]. Water,
2023,16(1) :158.

[25] Seibert J,Strobl B, Etter S, et al. Virtual staff gauges for crowd-based stream level observations[ J . Frontiers in Earth Science,
2019,7.70.

[26] 5KAR, 2R RAIA, A5. JE T W7 I /K 30 20 1) A9 DB 3 R ALAR A€ [T ] L1 15 15 L5 41, 2024, 46 (4) + 1428-1437.
(Zhang Zhen, Jiang Tiansheng,Zhao Lijun, et al. Camera calibration using cross-section waterline orientation for video-based flow
measurement[ J ]. Journal of Electronics & Information Technology,2024,46(4) :1428-1437. (in Chinese) )

(W B H.2024 - 12 - 19 Zh . X )



