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Abstract: A telemetry system of water depth monitoring is required to have bidirectional 
communication to obtain an effective and efficient measurement system. It should be run at any 
meaningful time requested by user so that the collected data become more crucial and eventually 
generate an energy and memory saving modem. This work proposed the scheme to be applied in a 
campus lake with flooding and drainage warning systems to avoid the common natural disaster in 
raining and dry seasons, respectively. The system based on Arduino board and Ultrasonic sensor 
equipped by Wi-Fi modem to communicate with user’s phone who able to start a measurement and 
monitored the water depth through a website. The result showed that in the laboratory test, the alert 
was successfully sent to user’s phone whenever the depth rose past the threshold value. In the field 
test, the measurement of the lake’s water depth had been effectively monitored via website 
throughout 12 hours using 6000 mAh battery lasted for 72 times of data transmission.     
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1. Introduction 

Water level monitoring is an important procedure either to maintain the product quality in 
certain industry systems [1]; or to achieve high quality of rice production in paddy cultivation [2]; to 
prevent flood disaster for the cities located on rivers bank [3–5]; or to control water distribution 
network in communities [6–8], as the purpose instances. The conventional method used in the 
monitoring process is usually ineffective and costly due to the manual data collection which requires 
user to run the measurement at the correct location at the right time. Therefore, the water depth 
monitoring must be conducted via telemetry design to reduce the manual measurement drawback 
[9]. Telemetry can provide a real time data monitored from any place hence capable of providing an 
alert signal whenever the water level above or below certain threshold.  

Mohindru in [10] had classified the sensor used in water level measurement research i.e. 
hydrostatic pressure, radar level, optical fiber and laser-based gauges; or capacitive and ultrasonic 
sensor (US). Apparently, US is the most widely utilized due to its high accuracy output. Usually, the 
sensor is controlled by a microprocessor to collect the data before restore them in a digital memory. 
In 2018, [11] developed an early warning system for flood risk using US and Arduino connected to 
GSM module to warn the citizen in Philippines via short message service (SMS). Diriyana et. al. 
combined US with NodeMCU-Esp8266 to establish an early flood warning scheme using Telegram 
application in 2019 [12]. Pereira group had installed 5 sensors of ultrasonic in a chamber to monitor 
water level inside the flowing channels to prove the accuracy of the sensor even in turbulence water 
stream. Yet, this work was done without any data transmission [13].     

This paper proposed a telemetry system for water depth monitoring of Sriwijaya University’s 
lake, South Sumatera, Indonesia. This is necessary to prevent flooding in the raining season or 
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wildfire in the summer. These disasters are common cases happen in South Sumatera which has 
1,262,000 Ha of peatland area [14]. The region is vulnerable to flooding or wildfire every year [15]. It 
can be avoided by monitoring the water depth of the area (peatland, lake and other inland water) 
and alarming the officer in charge whenever water level over its maximum threshold to avoid flood 
or below its minimum limit to prevent wildfire. 

This work had developed a low-cost monitoring system for water depth using Arduino R3 and 
ultrasonic sensor (US) with bidirectional communication via radio frequency connecting user and 
data. The data was displayed on a website via the uplink while user instructed the measurement 
using a command on the website as well via the downlink communication. This means user can 
collect data anytime from any location. Moreno et.al. had reported a device for river water level 
monitoring based on microcontroller and US where the data sent to website every 5 minutes via one 
directional mobile communication [16]. In our opinion, it is more effective and energy saving by 
conducting the measurement at a significant time -such as during the heavy rain or one hot afternoon, 
instead of within a range of automatic setting time. By collecting the crucial data only, it will save the 
digital memory used for data storage. Hence, the bidirectional communication should take place to 
achieve an effective, efficient and a green monitoring system.       

2. Materials and Methods 

Research flow of this project consisted of 5 stages as shown by Figure 1. They are: 1) the hardware 
and software designs; 2) laboratory experiment; 3) real time measurement in the field, in this case, 
the campus lake of Sriwijaya University; 4) website monitoring and 5) alert notification system. On 
stage 1, the hardware circuit of the modem was built by connecting Arduino board with ultrasonic 
sensor (US) at digital pin no. 3 and 4 while Node MCU ESP8266 at pin Tx and Rx (Figure 2). Buzzer 
was installed at pin no. 2 to generate an alarm sound whenever the water level above or below certain 
value. The code embedded inside Arduino and Node MCU were listed using Arduino IDE 2.3.3 
software. Arduino read and controlled the data input while Node MCU arranged the communication 
procedures between Arduino and user. The generated alarm signal was also transmitted 
simultaneously to user's smart phone through the Whatsapp application. Therefore, the data 
acquisition must be done following the architecture shown by Figure 3. The website was retrieving 
sensor data using http protocol embedded in Node MCU for the uplink communication while at the 
downlink it was delivering the instruction from a user -who push the start button on the website- to 
Arduino where the sensor was attached.  

 
Figure 1. Bidirectional telemetry of water depth project stages. 
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Figure 2. Hardware design of the prototype. 

 

Figure 3. Data acquisition architecture of the monitoring project. 

Stage 2 was conducted in the laboratory after the hardware and software designs finished. As 
can be seen on Figure 4, an empty blue water drum was filled by slow water flow from the tap water. 
The ultrasonic sensor was put on the top of the tank while a length meter was placed as the reference 
indicator. As the water level rises, the water depth read by sensor was also increase as displayed on 
the serial monitor. The reading was similar with number that length meter pointed out. To prove that 
the alert system was effective, 80 cm had been selected as a threshold of water depth to simulate 
flooding event. Thus, whenever the sensor reading exceeded 80 cm, the buzzer would generate sound 
and user’s phone would receive alert notification via the Whatsapp message. Eventually, when 
performing the monitoring process in the field, this threshold must be adjusted to acquire the real 
warning event. After stage 2 result convinced us that the system was able to receive command and 
send the correct water depth data between modem and the user, stage 3 was organized together with 
stage 4 at the campus lake. Since it was the transition time from drought to wet season, stage 5 was 
unable to realize in the field, yet it only able to be demonstrated in the laboratory experiment.  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 November 2024 doi:10.20944/preprints202411.0169.v1

https://doi.org/10.20944/preprints202411.0169.v1


 4 

 

 
Figure 4. Experimental set up for laboratory testing. 

3. Results and Discussion 

3.1. Ultrasonic Sensor Calibration 

We had calibrated the ultrasonic sensor US-015 by setting up the water height from 5, 10, 20 up 
until 90 cm as shown in Table 1. The water depth measurement by sensor was ran ten times for each 
height before the averages and error values calculated. The average numbers were similar with the 
exact water depth. Therefore, their error values were below 1%, acceptable for field measurement. 
Figure 5 is showing the measurement result from the calibration test where the red dot is the curve 
of sensor reading while the blue line is the measurement output of the length meter. There is a linear 
correlation between sensor output and the reference thus the sensor had been standardized.  

 
Figure 5. Ultrasonic sensor calibration curve. 

Table 1. Sensor calibration test result. 

No Length 
Meter 

Sensor Output of Water Depth (cm) Average 
(cm) 

Errors 
(%) 1 2 3 4 5 6 7 8 9 10 

1 5 5 5 5 5 5 5 5 5 5 5 5 0 

2 10 10 11 10 10 9 10 10 9 10 10 9.9 0.01 
3 20 20 22 19 20 20 20 20 20 20 19 20 0 
4 30 30 30 30 30 30 30 30 33 30 30 30.3 0.01 
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5 40 38 39 39 39 40 40 41 40 40 40 39.6 0.0105 
6 50 50 50 50 50 50 50 50 50 50 50 50 0 
7 60 57 57 59 60 60 63 61 60 60 60 59.7 0.0052 
8 70 69 70 67 70 70 70 70 70 70 70 69.6 0.0058 
9 80 76 78 78 77 80 80 78 80 80 80 78.7 0.0171 

10 90 89 90 91 91 91 90 90 91 91 90 90.4 0.0045 

3.2. Laboratory Experiment Test 

The experiment in the laboratory had been executed to ensure that ultrasonic sensor was able to 
measure the water depth correctly and the modem was able to display the data on the website. As 
Figure 4 had shown, an empty blue water tank with 100 cm height was filled by water from 10:32 
until 11:15 a.m. The maximum height of water filling was 90 cm to make the space between water 
surface and sensor position. The requirement sensing distance is 2 cm to 400 cm hence there was 10 
cm space left to meet the specification. As the water level increased, the water depth measurement 
by sensor also rose as the graph displayed on the website (Figure 6). Those data were similar with 
number shown by the length meter. To simulate a case of flooding event, 80 cm value had been 
selected as the threshold for the maximum water depth. Therefore, when the sensor output exceeded 
80 cm, notification were sent to user via the Whatsapp application, as shown by Figure 7.  

 
Figure 6. Website’s output graph of ultrasonic sensor measurement in the laboratory test. 

 

Figure 7. Notification example to user whenever the water depth exceed a threshold. 
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3.3. Real time water depth monitoring of Sriwijaya University’s Lake  

The real time monitoring of water depth at the campus lake was held on October 9th 2024 (Figure 
8). The modem was using 3 sets consisted of 4 units battery (3.7 V, 1500 mAh) as the power supply 
for Arduino, Node MCU and Wi-Fi modem. We wanted to find out the energy consumption and 
lifespan of the sensor system using such power. Hence, the measurement was executed every ten 
minutes and turn out that the battery only lasted for 72 times of data transmission (12 hours operation 
time). Apparently, Arduino and Ultrasonic sensor needed 370 mA and 5 V for the operational power. 
Compared with research done by [17] where 4 unit of AA batteries (1.5 V, 500 mAh) could supply 
power of Arduino-based logger for 3 months, this work demanded more power due to its 
communication function. They did not include the water depth data transmission in their project. 
Besides, they had spent USD 168.26 for the logger while the modem we had built costed USD 130.60 
only. The power consumption data will be a baseline for our next work to manage the power supply 
whether by applying active-sleep mode algorithm to increase the measurement cycle or installing an 
adequate solar cell with harvesting and measuring modes embedded inside the Arduino controller. 
Some examples of real time data displayed on the website was shown by Figure 9. The water depth 
was around 66 cm during the range time of 12 hours. We expected these values would not change 
much for the lake with area about 135 Ha (Figure 10). Therefore, the measurement must be done per 
user request at a critical time (at leats once a day) hence the bidirectional communication must be 
performed in this water depth monitoring case. 

 
Figure 8. Real time water depth monitoring in Sriwijaya University’s Lake. 
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Figure 9. An example of data display on the website for real time water depth monitoring. 

 

Figure 10. Sriwijaya University’s Lake position on The Google Map. 

4. Conclusions 

A low-cost bidirectional telemetry system for water depth monitoring had been applied at 
Sriwijaya University’s Lake successfully. The ultrasonic sensor had been calibrated and tested in 
laboratory measurement to read water depth precisely. The collected data sent through internet using 
http protocol embedded in Node MCU board used in the system and been displayed on a website. It 
was an effective and efficient system due to the bidirectional link of communication since it provided 
an actual and crucial data requested by user at significant situation, instead of any range of time 
measurement. This will obviously save the energy and the data storage for the system. A flooding 
warning also had been added on the embedded program so that it could alert the user in charge for 
preventing the natural disaster.  
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