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Abstract— In this research, water level measurements are 

intended to give early flood warning when the water level reaches 

a certain height. Water level measurement system performed 

using an ultrasonic sensor which was placed horizontally inside a 

PVC pipe, facing the water surface. One of the focuses of this 

research is the selection of the ultrasonic which can be used to 

perform accurate calculations in PVC pipe. The magnitude of 

measurement error by ultrasonic sensor inside PVC pipe is equal 

to 3.7%. The minimum diameter of pipe that can be used is 

influenced by the magnitude of the ultrasonic measuring angle. 

Result of water level measurement is managed by a micro-

controller and will be sent to the admin number which has been 

registered into the system. The system will automatically send a 

warning SMS when the water reaches certain height, which can 

be divided into three phases: flood-prone level, flood level, and 

safe level. This research also focused on setting via SMS to 

register the admin number, three water level setting, and request 

on water level. Overall systems are powered by solar cell 20 WP.  

 
Index Terms—preflood alarm, warning system, ultrasonic, 

water level, SMS  

I. INTRODUCTION 

Measuring the water level electronically has not been done 

much, especially in Indonesia. Many are still using measuring 

ruler or mechanical float to measure out the water level. 

Human power still needed to watch over the system 

continually. This research was motivated by periodical flood 

which happens most often in Jakarta. A preflood warning 

system was needed to help society minimalize the loss caused 

by flood. Water level measurement was performed continually 

using ultrasonic sensor which was placed horizontally inside a 

PVC pipe and facing the water surface. The system was 

powered by solar panel to make it easier to be placed at river 

bank or any other flood prone area. SMS notification was 

chosen because it was more effective compared to other 

method. With this method, we hope to cooperate with local 

provider or government as the administator of the system (who 

receive the early warning) and they had the authority whether 

to continue the information to the public or not. 

In the previous studies, the early flood warning system only 

designed to send a warning message to the client [1,2]. It has a 

fixed early-flood water level and can only detect one meter of 

water height. After various researches, this system has 

undergone some development: the water level can be  

 

 
 

customized by the client through SMS (Short Message 

Service) and the water height which can be detected reach four 

meters. The system will replaced human power to do the water 

measuring continually, and when the water reached certain 

level, the system will send a SMS according to the condition. 

In this research, the water level will be conditioned in three 

stages: flood-prone level, flood level, and safe level after the 

flood. The system was also designed to be able to predict the 

flood time after the flood-prone condition fulfilled. Every 

person who knows the system number will also able to request 

the water height at real time by sending SMS according to the 

format. 

Some advantages with using this systems i.e.: it is easier to 

set this system at various spots or areas prone to flooding with 

various alert levels because the user will be able to customize 

the water level boundaries; even the gauge is in the middle of 

a flood, it can still be manage well without the need to send 

any worker to the area.  

II. SYSTEM DESIGN AND EXPERIMENTAL SETUP 

The system uses ultrasonic to do the water measurement 

and SIM 300C modem to send and receive short message. All 

data was processed and managed by microcontroller PLCC 

AT89S51. A simple diagram of the research can be seen in 

Figure 1. 

 

 

Fig. 1. Water level and preflood warning system block diagram. 

The microcontroller was designed to do the calculation of 

water height using ultrasonic, then to receive short message to 

know the water level and to give an early alert if a specific 

area is in a condition prone to flooding. The restriction of 

water level in the point of prone to flooding, flooding, or save 

point can be customized using SMS. This system can also 

predict the water velocity increase rate and the time of flood. 

Through SIM300C modem, the microcontroller will send 

short message three times if the conditions are prone to 

flooding with the prediction of flooding time, and also will 

send three short messages in the time of flooding as well.  

When the water had receded and the conditions are on the safe 

limit, this system will also send a short message to the user. 

Schematic design of the entire system can be seen in Figure 2. 
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Fig. 2. Electronic circuit schematic. 

 

The system uses four-meters PVC pipe to protect the sensor 

of any disturbance when calculating in open air. The blueprint 

of system design can be seen in Figure 3. 

 

 
Fig. 3. Blue print of Preflood Warning System. 

 

The system can do two-ways conversation in which 

admin/user can send SMS to control: 

1. The admin number; the system will send the warning 

message of flood-prone, flood, and safe condition to this 

number. In this design, the setting of message format can be 

seen in Figure 4(a). 

2. Setting the water height for flood-prone level and flood 

level. This can be done by sending SMS as seen in Figure 4(b) 

3. System setting to do the request for water height in real 

time, as seen in Figure 4(c)  

 

             
(a)                              (b)                             (c) 
Fig. 4.  Formatting setting in preflood system via SMS 

 

In water level setting, zero point is the distance between 

ultrasonic sensor to the bottom of PVC pipe (A cm). As can be 

seen in Figure 3. “Distance” means the water level at that 

time, or the distance between the bottom of PVC pipe to the 

water surface (C cm). Preflood level and flood level can be set 

according to the location of the system. The system was 

designed in such a way to make it easier to be placed wherever 

with various flood height. 

A. Designing the water level measuring system  

The water level measuring system was designed using 

ultrasonic sensor. Ultrasonic sensor provides a very low-cost 

and easy method of distance measurement. It works by 

emitting a wave and then calculates the time of the reflected 

wave. This sensor is perfect for any number of applications 

that requires performing measurements between moving or 

stationary objects [3]. The signal is emitted by the ultrasonic 

transmitter (frequency = 40 kHz) and generated by the 

ultrasonic transmitter circuit. The transmitted signal will then 

disperse as noise waves with sound velocity in the range of 

340 m/s. Then the noise waves will be reflected and 

readmitted by the ultrasonic receiver to be processed and 

calculated. The distance is calculated by the formula: S = 

340.t/2, in which S is the distance between the ultrasonic 

sensor to the reflected field, and t is the time difference 

between transmitted ultrasonic waves until it is readmitted by 

the ultrasonic receiver. The next pulse can be transmitted 

when the echo fade away. This time period is called cycle 

period. The recommended cycle period should be no less than 

50 ms [4].  

In Figure 2, the connection between the microcontroller and 

the ultrasonic sensor can be seen. Distance-Sensors detect 

echoes from water as an object and evaluate their propagation 

time and amplitude[5]. Two ultrasonic sensor with different 

specification was tried out to find the better ones. The problem 

to be solved was to know which sensor can work better when 

placed inside the PVC pipe. The selection of ultrasonic sensor 

is based on maximum measuring distance of ultrasonic and the 

ultrasonic sensor’s measuring angle. Based on datasheet from 

several ultrasonic sensors, it was decided to compare two 

types of ultrasonic: ping parallax ultrasonic sensor 28015 and 

ultrasonic HC-SR04. Ping parallax sensor has a measuring 

angle of 20° and has detection range of maximum three 

meters. On the other side, HC-SR04 sensor has measuring 

angle of 30° and its detection range is four meters maximum. 
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Theoretically, to measure the water level with maximum 

distance approximately 4 meter from sensor, the pipe with 

length 1 meter is needed. The sensor’s measurement angle is 

15
O
 and divided by 2 become 7,5

O
. The trigonometry 

calculation for this system as illustrated in Fig 5.   

                     



r  tan7,5 l  0,13165  4m  0,5266m

diameter  2r  2  0,5266m 1,0532m

                   (1) 

 

Fig. 5. Pipe diameter’s trigonometry calculation. 

Based on the theory, the algorhythm of sensor distance 

reading and the trial will be done using hyperterminal program 

to know the sensor’s condition while inside the pipe with its 

actual length. The trial was also to find out what was the 

minimum diameter of PVC pipe needed for the system to 

work well. Overall result will determine the accuracy of 

sensor’s accuracy. 

B. Designing the message warning system 

This system is designed to be able to give warning to the 

client via SMS. SIM300C modem and the microcontroller 

have important role in the communication process to the 

client. Like a mobile phone [6], it is used to receive and send 

SMS (Short Message Service) from and to the client. The 

GSM modem used is SIM 300C, which is controlled by 

microcontroller through AT-command. The electronic system 

design layout of SIM 300C modem can be seen in Figure 6.  

 
Fig. 6. PCB designed for SIM 300C modem. 

 

GSM modem receives and sends messages from mobile 

device by using radio waves [7]. Microcontroller and GSM 

modem interface are using AT commands for sending and 

receiving message. AT commands are a special set of 

commands that are recognized by many GSM modems 

available in market [8]. Microcontroler is a low-power, high-

performance CMOS 8 bit bytes of Flash programmable and 

erasable read only memory [9]. The microcontroller act as the 

main controller in this system, so The SIM 300C modem 

works in 3.5-4.5 voltage. Inside the SIM 300C, there is a 

general purpose input/output which is used to control the 

keypad, LCD display, network status indicator and normal 

input/output. SIM card holder 8 pin is used as interface 

between SIM 300C and SIM card. In this design, the 

microcontroller communicates serially with the SIM 300C 

modem to read and send short message. The microcontroller 

play role in giving ATcommand order to SIM300C. 

III. RESULTS AND DISCUSSION 

In this research, the trial was divided into two phases: 

ultrasonic to measure the water height and SIM300C modem. 

Both systems were controlled by software using 

microcontroller AT89S51 PLCC. At the end, overall system 

will be tested out in simulation aquarium and also in real 

running river. 

A. Water height and control system test 

Water height calculation testing was done using two 

different ultrasonic sensors: parallax sensor and HC-SR04 

sensor. From the result, the parallax sensor couldn’t work in 

the PVC pipe, while HC-SR04 sensor could detect range well 

inside PVC pipe with certain diameter. Parallax sensor 

couldn’t detect range inside the pipe, so the result was far 

from accurate. On the other side, parallax sensor could work 

well if put outside the PVC pipe. In this sense, the test focused 

on HC-SR04 sensor in which it could work well, and the only 

problem need to be solved is the diameter of the pipe needed 

so the sensor could work well in order to detect four-meters 

height.  

 

 
Fig. 7. Ultrasonic Sensor’s Measurement Result 

 

Theoretically, the minimum diameter of the pipe needed to 

calculate four-meters range is one meter. With trial and error 

method, the ultrasonic sensor was placed in various pipe size. 

For four-meters range, HC-SR04 sensor could work well 

inside eight-inch pipe. The trial result can be seen in the 

graphic on Figure 7. 

Data presented using ultrasonic sensors that have been 

placed in the pipe compared with the actual distance 

measurement data (using the meter) between the ultrasonic 

sensors and the detected objects showing average percent error 

of 3.74%. Sensor’s transmitter must be placed near the pipe’s 

wall so that transmission area is larger and wave from 

transmitter can reach the maximum distance. If the transmitter 

is placed near the pipe’s wall, the transmitted wave can be 

reflected immediately and doesn’t return to receiver and 

considered not detect anything. Wave’s transmission area is 

smaller that makes the sensor detection range not maximum. 

In this case, transmitted wave is reflected by pipe’s wall 

before detect the object. Because of that, sensor’s receiver is 

placed near pipe’s wall so that the transmitter is farer from it. 
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B. Modem SIM300C Test 

GSM modem testing is divided into two phases: testing 

using a PC and then continued with testing using a 

microcontroller. SIM300C modem testing using a PC is done 

by trying to call the phone numbers in the SIM card used in 

the module and doing serial communication with PC via FTDI 

connector (serial communication module for a device with a 

PC) which is displayed on the Hyperterminal. SIM300C 

modem can do a serial communication to several specific 

Baud rate, one example is 9600 which is the Baud rate default 

Hyperterminal. ATcommand order for SIM300C is given by 

texting ATcommand in the Hyperterminal window that ends 

with ‘enter’ to every order [10]. SIM300C will respond 

according to the order given. If the respon is “OK” or the 

respons are in accordance to the ATcommand given, it means 

the SIM300C is properly worked. Malfunction or error can 

occur if there is a mistake in typing ATcommand. In Figure 8 

there is the trial result of initialization user number which will 

receive the warning message.  

 
Fig. 8. Display of system’s user number initialization test result 

   The connection between microcontroller as data processor of 

water height and giving command to modem to send short 

message to the user was an important factor of overall system. 

Data sending trial on flood-prone condition was done in 

simulation aquarium, where flood-prone height was compared 

with SMS received and then checked using Hyperterminal as 

can be seen in Figure 9. 

 
Fig. 9. Flood-prone condition test result 

Warning message trial was done well. It can be seen from 

the system which automatically sent short message to the user 

when water level reached certain height. With 3.7% 

percentage error of height calculation, the differences in the 

actual water level with the one read by the system was not 

significant. If error happen, it is because of water 

current/ripple. Thus the system will send short message on the 

desired level. The display of short message can be seen in 

Figure 10. Data transmission speed was depend on the signal 

from the provider used. 

 

 
Fig. 10. Pre-flood warning message 

The system was devised to send warning message three 

times for each condition, as seen in Figure 10. If the flood-

prone condition are passed, the system can also predict the 

time of flood by calculating the water speed rate in one 

minute. This prediction is 100% accurate if the water speed 

rate was constant, which was hard to happen at all. The 

condition was met in the test result from simulation aquarium 

(which was one meter in height) with constant increase of 

water. For the actual condition, it was hard to achieve the 

same data. With four-meters height measurement, a real flood 

condition was need to get the data. 

All sent message of preflood was done using level height 

setting according to the designed format, as can be seen in 

Figure 4. The system was devised to give response when the 

setting accepted by sending “request accepted”and the user 

can checked the water height by sending “Req” to the system. 

SMS’s acceptance and delivery worked well and in 

accordance with the water level setting. Overall system test 

was done on the riverside as can be seen in Figure 11. 

 

 
 

 
Fig. 11. The preflood system 
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IV. CONCLUSION 

This early flood alerts system has been successfully 

researched and well-designed as expected. It will continue to 

be refined so that it has the reliability and small error rate. 

This system can be put at various flood prone spots, because 

the water boundaries can be set via SMS but it should be done 

on normal water level. It is designed to send SMS only to two 

clients whose numbers have been registered and will send a 

warning SMS three times for each warning for every client. 

Early flood alerts system will also automatically notify the 

client if the flood is being in a safe condition. Other 

advantages of this system is the system can send the water 

level to anyone who send the request for water elevation data 

and this system worked for 24 hours to take measurements.  

From the experiments conducted, ultrasonic sensor HC-

SR04 which works as the water level gauge can work well 

when compared to the ping ultrasonic sensor when placed 

inside the PVC pipe. Ultrasonic sensor can only measure 

maximum 4 meter of water level. In this system, the minimum 

size of PVC pipe which can be use is 8 inch. On the other side, 

the ping sensor cannot measure properly and make reading 

errors. The accuracy percentage of water level measurement 

when the sensor placed in PVC pipe is 96.3% with error 

tolerance of 5%. The system was set to calculate water level 

three times prior sending the message to the admin. On overall 

system testing, messages always sent to the admin in 

accordance to the system setting. So it can be concluded that 

as long as the water level measurement processes are not 

disturbed, the system will always sent message with accurate 

reading. Message transference depends on two things: types of 

GSM provider used and signal coverage in the area. 
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