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Extended abstract

Introduction

In the context of climate change and global warming, the comprehensive management and productivity of
water resources become increasingly important. Accurate measurement of existing water resources forms
a critical foundation for effective water resource management. Precise measurements enable better and
more fundamental planning. Surface water, particularly flood-generated water in large and small
watersheds, plays a significant role in Iran's water resources. A major challenge in the country's water
resource management is the lack of sufficient runoff data, especially for smaller watersheds. The use of
hydrometric devices for stable water level measurements can substantially address this issue, improving
the collection of surface and groundwater data. Several methods have been developed for water level
measurement, which can be categorized as contact or non-contact methods, depending on whether the
sensor interacts directly with the water. These methods may record data either automatically or manually.
Selecting the appropriate method depends on specific conditions, such as the range of liquid level changes,
the physical properties of the liquid (e.g., density, cleanliness, vapor or particle content, corrosiveness),
process temperature and pressure, chemical composition, and environmental factors like moisture.

Materials and methods

Non-contact methods offer significant advantages, including independence from fluid type and non-
interaction with the fluid itself. Among these methods are image processing using cameras, ultrasonic
sensors, infrared sensors, and laser-based techniques. This research investigates the efficiency of the Sharp
infrared module model GP2Y0OAOQ2Y KOF in measuring water level changes in both laboratory and natural
environments. The module includes a distance measurement sensor consisting of a Position Sensitive
Detector (PSD), Infrared Emitting Diode (IRED), and a signal processing circuit. It operates within a
voltage range of 4.5 to 5 volts and a temperature range of -10 to +60 °C. The analog output of this module
corresponds to the measured distance, producing values between 0 and 1023. When an object moves closer
to the sensor, the output approaches 0, and as the object moves farther away, the output increases toward
1023. Data calibration is required to relate sensor readings to actual values. The sensor's measurement range
is 20—150 cm, utilizing infrared light for distance detection. To evaluate its performance, a low-power data
logger suitable for watershed environments was employed. Since the method requires a non-reflective
surface, it was combined with a traditional float-based method. The mechanical setup includes a
polyethylene tube housing the sensor, enclosed within a metal body to resist flood conditions. Laboratory
experiments involved measuring water level changes across 10 stages, where sensor data (independent
variable) and actual water level values (dependent variable) were collected. Polynomial fitting (first to
fourth degree) was applied to establish relationships between variables. Additionally, 30% of the data was
reserved for model validation.

Results and discussion

An inverse relationship between sensor readings and actual distances was evident: sensor output values
decreased as distance increased. The correlation coefficients (R) for one- to four-term polynomial fits were
close to one, indicating a strong alignment between sensor data and actual measurements. The RMSE
ranged from 2.16 to 1.89 cm, improving with higher-degree polynomials. In laboratory conditions, the
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sensor estimated water level changes with a 2 cm error, which was reduced to 1.34 cm by increasing the
minimum measurement range to 30 cm. Given its affordability, this sensor is suitable for applications where
high precision is unnecessary. For higher accuracy, alternative sensors should be considered. However, in
flood environments, issues such as the obstruction and adhesion of floating materials in the tube pose
challenges, making this method unsuitable for flood channel measurements. Incorporating additional
sensors, such as pressure or ultrasonic sensors, could enhance the device's capabilities.

Conclusions

Various methods have been developed for measuring water level changes. The selection of a method
depends on environmental conditions, accuracy requirements, and cost considerations. Given the lack of
extensive water level and flow measurement networks in Iran's watersheds, the approach proposed in this
research can significantly contribute to water resource management. However, the reliance on floating
components within the tube is a critical limitation, as flood-induced sediment can hinder float movement
over time. Future research should focus on methods that eliminate the need for floating parts, thereby
overcoming these limitations. Additionally, the results of other measurement techniques will be explored
in subsequent studies.
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Fig. 3. Curve fitting and adaptation of polynomial equations on infrared sensor output data (as independent variable) and actual
water elevation values in a case where the data collection range starts from 20 cm from the sensor.
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Fig. 4. Actual and estimated values of water level changes based on polynomial equations of degrees one to four, with the data
collection range starting from 20 centimeters from the sensor.
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Fig. 5. Curve fitting and adaptation of polynomial equations on infrared sensor output data (as independent variable) and actual
water elevation values in a case where the data collection range starts from 30 cm from the sensor.
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Fig. 6. Actual and estimated values of water level changes based on polynomial equations of degrees one to four when the level of
measurements is considered from 30 cm from the sensor.

Oeed g Zwad ol sl S 5l colanl
o 155 Yy ol b S 358 sl SV
d5ai oy g alod j0 b jglids 5l eolaul andl.ail 5o
yobeds axlad 5l oolazul aS 09l a8 3 lay o ol
S 5l Jol> (Sl J5 s> aules B> alg) jo 1,
B e | ol by sl e &8 > Wl oo
b cliie 5 guone &5 > 5l (Jawe jlam g aes I8
bl (55T slr 3l e o o
Ol slatusgaze (n e 51 508 (o rizmen
a1l SbT polie g alols o o o abal) K>
(_g).jo)‘..h‘ SR &9..09.@ u.:‘ 9 Gl oK Ja.wy 03l
S ol lis gl a5 jgbles s oo SalS |
JA 0S8 o (6 S 03Il (6 it S0 L 1) Sleo Juolsd
sl as bos a al ol oyl sly oKiws oyl
2ol YU 5w of maw fuizmed g ails Sogll J5
Sz jeiul slaosyr sleil j3 Ysene axl)
ookl 0,559, 10,10 (g iy B85 (098 o0 ounlin
O3 5 Blad ol gl 508 ool lo S |
g b a5 byd 4 U5 o Sodl IS
o NpS L8 eslanal 5j50 YL s L sl Jsile

S50l sl ooy Sl slaghs, J 4 b
Sl o azsl el ilazsly damgs ol gl &l jais
Ban S 30 eolaiwl o 50 oKws g g, €98 oles
285 s dormn Ll b ol g (e & o
oo DLl K g olSiws g4 anza g llasil 000
2 b Oyl sl e, 5 S lsslaial Logs
S el il Spnl, Sy ol (g Sojlall
s (6 505l (glaolSianl ol igliEl o Wil e
CedsS (Jl onl b sled Wl 1) 6550 jlons 2 O
sl o s 35 ool
@k Cwed b)) Gleygein (Dyge 2 0
Giloainge 5 0,8kae b5l sl cenlie (oo
abal, jo .(Cherqui et al., 2020) wils Ll 5l ool
S0l o GP2YOAO2YKOF Sus 5,5 Ly
sty ol 3 i il )5S T s i
s Sl 3 Sl IS s
Leculys o as ol plas gl 5 ol aisls y Of mlaw
S50l Ol mlaw Ol e il VYE s
2355 5ol Glaojgo (Jad Ll ) 4 azgi b 0gd o
ol g g pSoslil 00,18 laaSil S92y poe g
S oeen ol po ead Wl S0 Shss (0 s



VEY F o)les VP alx

el S g suaige | OFA

Iy il 1y O o &l s (6,8 05ll o ol
g oo a5y ol Lsﬂ Slagdss jo 45

@‘a)hé 5 s & e
S gl Sl cuzr a cwl p3Y bxal o
‘_;‘)_?‘ 50 6)“5)’:‘.-’.‘.’—‘ 9 S cblas> omﬁ‘)‘i P

Glp 9,0, ol 5l eolinal Lol sl aede wlgs
g milin o0l (sloojem 50 Oms (55503l
2 ilike o olyl slefes J 4 b

FUEYC S I DN FES IRSVURNN P NIICH JOOPL SO /S RE
Assendelft ) wlos,S™ 5,155 1) 2850 zuli Lows
Cherqui et al., 2020 and van Meerveld, 2019
[Lambrou et al., 2014 Kitchener et al., 2019

o og, opl 9,5, axdl (Leeuw and Boss, 2018
K wile o Kl 5l ool glis 5 Goes
Ceand a5l gl yidl (6loguanicns . Cns] S ganl 2l
Cherqui et) &ls osllae Caxdg ol uizxen o
il S ol 5 Sesll S (al., 2020
el con @il ailabes LIS 2alial sl did sl

ol Josay Glo,08 5 S5 w03 ol

&8Lw ()l
alics opl g 3,05 3939 ordlie oLy allie ol o

el 0 g den owls 3,90

solaiwl g0 2ol

Andang, A., Hiron, N., Chobir, A., Busaeri, N., 2019. Investigation of ultrasonic sensor type JSN-SRT04
performance as flood elevation detection, IOP Conference Series: Materials Sci. Engin. IOP
Publishing, p. 012018.

Assendelft, R.S., van Meerveld, H.I., 2019. A low-cost, multi-sensor system to monitor temporary stream
dynamics in mountainous headwater catchments. Sensor. 19, 4645.

Cherqui, F., James, R., Poelsma, P., Burns, M.J., Szota, C., Fletcher, T., Bertrand-Krajewski, J.L., 2020. A
platform and protocol to standardise the test and selection low-cost sensors for water level monitoring.
H20pen J. 3, 437-456.

Enamorado, S.M., Hurtado, M.D., Andreu, L., Martinez, F., Sanchez, J., Delgado, A., Abril, J.-M., 2007.
Development of a recording water flow meter using ultrasonic measurement of water levels in a slotted
U-pipe. Agricul. Water Manage. 88, 263-268.

Galli, A., Peruzzi, C., Gangi, F., Masseroni, D., 2024. ArduHydro: a low-cost device for water level
measurement and monitoring. J. Agricultural Engineering.

Guaman, J., Astudillo-Salinas, F., Vazquez-Rodas, A., Minchala, L.I., Placencia, S., 2018. Water level
monitoring system based on LoPy4 microcontroller with LoRa technology, 2018 IEEE XXV
International Conference on Electronics, Electrical Engineering and Computing (INTERCON). IEEE,
pp. 1-4.

Kitchener, B.G., Dixon, S.D., Howarth, K.O., Parsons, A.J., Wainwright, J., Bateman, M.D., Cooper, J.R.,
Hargrave, G.K., Long, E.J., Hewett, C.J., 2019. A low-cost bench-top research device for turbidity
measurement by radially distributed illumination intensity sensing at multiple wavelengths.
HardwareX 5, e00052.

Lai, C.-W., Lo, Y.-L., Yur, J.-P., Liu, W.-F., Chuang, C.-H., 2012. Application of Fabry—Pérot and fiber
Bragg grating pressure sensors to simultaneous measurement of liquid level and specific gravity.
Measure. 45, 469-473.

Lambrou, T.P., Anastasiou, C.C., Panayiotou, C.G., Polycarpou, M.M., 2014. A low-cost sensor network
for real-time monitoring and contamination detection in drinking water distribution systems. IEEE
Sensors J. 14, 2765-2772.

Lee, M.-C., Leu, J.-M., Chan, H.-C., Huang, W.-C., 2010. The measurement of discharge using a
commercial digital video camera in irrigation canals. Flow Measure. Instrumen. 21, 150-154.

Leeuw, T., Boss, E., 2018. The HydroColor app: Above water measurements of remote sensing reflectance
and turbidity using a smartphone camera. Sensors 18, 256.

Loizou, K., Koutroulis, E., 2016. Water level sensing: State of the art review and performance evaluation
of a low-cost measurement system. Measure. 89, 204-214.

Majdalani, S., Chazarin, J.-P., Moussa, R., 2019. A New Water Level Measurement Method Combining
Infrared Sensors and Floats for Applications on Laboratory Scale Channel under Unsteady Flow
Regime. Sensors 19.



INRY; )4)5 usél.a sndlAJ)A.c )im} )‘ oolawl LSJ‘)lS 3]

Nair, B.B., Rao, S., 2016. Flood water depth estimation -A survey, 2016 IEEE International Conference on
Computational Intelligence and Computing Research (ICCIC), pp. 1-4.

Parra, L., Sendra, S., Lloret, J., Rodrigues, J.J.P.C., 2017. Design and deployment of a smart system for
data gathering in aquaculture tanks using wireless sensor networks. Int. J. Communi. Sys. 30, €3335.

Parra, L., Sendra, S.A.-O., Garcia, L., Lloret, J.A.-O. Design and Deployment of Low-Cost Sensors for
Monitoring the Water Quality and Fish Behavior in Aquaculture Tanks during the Feeding Process.

Ranieri, C.M., Foletto, A.V., Garcia, R.D., Matos, S.N., Medina, M.M., Marcolino, L.S., Ueyama, J., 2024.
Water level identification with laser sensors, inertial units, and machine learning. Engin. Applica.
Artifi. Intelli. 127, 107235.

Rastogi, K., Lohani, D., 2020. loT-based Indoor Occupancy Estimation Using Edge Computing. Procedia
Computer Sci. 171, 1943-1952.

Ridolfi, E., Manciola, P., 2018. Water Level Measurements from Drones: A Pilot Case Study at a Dam
Site. Water 10, 297.

Tsai, T.-M., Yen, P.-H., 2012. Improvement in stage measuring technique of the ultrasonic sensor gauge.
Measure. 45, 1735-1741.

Tsubaki, R., Fujita, 1., Tsutsumi, S., 2011. Measurement of the flood discharge of a small-sized river using
an existing digital video recording system. J. Hydro-Environ. Res. 5, 313-321.

Wang, B., Baeuscher, M., Hu, X., Woehrmann, M., Becker, K., Juergensen, N., Hubl, M., Mackowiak, P.,
Schneider-Ramelow, M., Lang, K.-D., Ngo, H.-D., 2020. Development and Characterization of a
Novel Low-Cost Water-Level and Water Quality Monitoring Sensor by Using Enhanced Screen
Printing Technology with PEDOT:PSS, Micromachines.

Zhang, Z., Zhou, Y., Liu, H., Gao, H., 2019. In-situ water level measurement using NIR-imaging video
camera. Flow Measure. Instrumen. 67, 95-106.

Zhen, Z., Yang, Z., Yuchou, L., Youjie, Y., Xurui, L., 2017. IP camera-based LSPIV system for on-line
monitoring of river flow, 2017 13th IEEE International Conference on Electronic Measurement and
Instruments (ICEMI), pp. 357-363.





