
www.aasrc.org/aasrj          American Academic & Scholarly Research Journal          Vol. 6, No. 4, July 2014 

519 

Design of a Wireless Data Transmission Protocol for Underwater Acoustic 

Networks 

MD Nasimuzzaman Chowdhury
a
 Afsah Sharmin

b 

a Dept. of Electrical & Electronic Engineering, American International University-Bangladesh 
b
 Assistant Professor, Dept. of Electrical & Electronic Engineering, American International University-Bangladesh 

mdnasimuzzaman.chowdhury.c@ieee.org a, afsah@aiub.edu b 

 
Abstract: In the present world underwater acoustic sensor network (UWSN) is a new research area and currently quite 

challenging in terms of limited bandwidth, low data rates and multipath propagation & high equipment costs. Most of the 

research works are stalled by some fundamental factors. For example, high cost of underwater networking experiments as well as 

lack of portable devices to conduct experiments. In this paper, a new underwater data transmission protocol is proposed to 

promote experimental research works and to form an underwater acoustic sensor network in which data is transmitted by DTMF 

tones. The total system consists of a portable transmitter and a receiver. On the transmission module user input will be encoded 

into DTMF tones, and these tones are generated automatically using a microcontroller. The tone signal is modulated and then 

transmitted via an acoustic transmitter in form of acoustic waves. On the receiver module these acoustic waves are received via 

low cost hydrophones which have the ability to capture sound signal in underwater condition. The received signal is decoded into 

digital binary digits using a DTMF decoder. The decoded digits are combined and the corresponding ASCII character is shown. 

This portable device can be operated using battery as low power is required to transmit data. The system requires very low power 
and hence ensures longer battery life. 
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Introduction: Underwater Sensor Network (UWSN) has been of growing interest in recent years. UWSNs are 
promising to monitor pollution, provide an early warning for natural disasters like Tsunami, applications for defense 

purposes, and assist in finding and recovering wrecked aircrafts or ships. Underwater sensor network requires 

wireless communication system to transfer data and in the present era acoustic signals are most efficient in 

underwater condition as sound travels at 1450ms
-1
-1500 ms

-1
. Electromagnetic signals are mostly distorted and not 

efficient in underwater condition for transmitting information over long distances. Underwater data transmission 

systems are facing some difficulties in terms of limited bandwidth, slow data rates and multipath propagation. To 

overcome these factors different MAC protocols and Physical layer techniques have been proposed. Desert star 
SAM1 acoustic modem (Desert Star Systems) costs around ~$2600 USD and covers up to 300 meter with operating 

frequency 38 KHz-42 KHz. This device is not affordable for students to use this device for research purpose. In other 

research works an underwater acoustics modem was designed (B. Benson et al 2010) for short range sensor networks. 
The modulation and demodulation were performed using high cost FGPA boards which are not quite affordable. 

Kaizhuo Lei (et al. 2008) implemented underwater acoustic transmitter with FPGA board and used complex 

modulation technique like OFDM. To control stepper motor with remote DTMF (Dual tone Multiple Frequency) 

tones were used (Yun Chan Cho. et al. 2008). D. Manojkumar (et al. 2010) has controlled a robot by a mobile using 
DTMF tone. To control domestic systems DTMF has been used (Tulijappa M Ladwa et al. 2008). Smart phones also 

have been used to control mobile robots (Daniel H. et al. 2009). Md. Khaled Hossain (et al. 2013) used DTMF tones 

collect sensor data to measure CO2 & humidity. In this paper work, a new wireless data transmission protocol for 
underwater communication has been proposed, where data is transmitted by DTMF tones in form of acoustic signal 

in underwater condition using simple frequency modulation technique. Furthermore using DTMF tone complete 

ASCII chart has been implemented. From transmission side the user input or sensor data will be encoded into DTMF 
tones and transmitted via acoustic transmitter. On the Receiver side this DTMF tone will be decode into digital 

binary values and combining two DTMF tones will represent its corresponding ASCII character. This tone 

technology is very much efficient in underwater communication as acoustic signals travels much faster in water and 

covers longer distance and consumes low power.  Frequency modulation is used, so other surrounding noises can not 
put high impact on the message signal.  The transmitter and receiver module has been shown separately, but it can be 

used as transceiver.  This prototype consumes a low power and can be used for different underwater research 

purposes. 
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Fig. 1: Basic Project Outline 

1. Basic Project Outline: 

1.1) Transmission Module: In the above figure overall project diagram is shown. The brain of this prototype is 

Arduino Micro-controller. This prototype consists of two modules. One is transmission and another is receiving 

module.  On the transmission side the input signal is processed through different steps.  There are two ways to give 

input in the Micro-controller. Any type of sensor can be interfaced with microcontroller and the data can be 

automatically converted into DTMF tones. Another way of giving input is manual keypad input. Every digit consists 

of two Hexa decimal characters. In order to insert a letter users have to dial two Hexa decimal characters which 

represent the corresponding value of the letter. For example, if the users want to insert letter “H” then he has to press 

4 & 8. Microcontroller takes this input and generates corresponding DTMF tones. This tone is processed through the 

FM modulator to add carrier signal. The range of DTMF tones are 1.96 KHz-2.57 KHz. The carrier frequency can be 

varied from 10 KHz to 1 MHz .This modulated signal is passed through the acoustic transmitter in underwater. 

1.2) Receiving module: On the receiving module the hydrophone is used to capture the acoustic signal. As the 

transmitted signal travels a long distance, in the first stage the received signal is amplified using a power amplifier. In 

the following stage the amplified signal is demodulated using FM demodulator to separate the message signal from 

carrier signal. The hydrophones capture some noise signal from its surrounding, as like sound produced by fish, or 

ships using sound waves to measure height etc. So some noise exists in the demodulated signal and the signal is 

distorted. A butterworth band pass filter is used to separate the message signal from the noisy signal. After this 

process the message signal is passed through the DTMF decoder and converted into digital binary bits. Then these 

binary bits are converted in ASCII values by the micro-controller. 
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2. Circuit Analysis: 

 

Fig. 2: Transmission Module 

2.1) Transmission Module: Key feature of the transmission side is generating DTMF tones using microcontroller.  

DTMF stands for Dual-Tone Multiple frequency. From Figure 4, the row represents the lower frequency and column 

represents the higher frequency values. For example, the matrix in the figure 4 shows that the digit 4 is represented 
by low frequency 770 Hz and a high frequency of 1209 Hz. The two frequencies are transferred to a DTMF signal 

using the following equation:  

   ) =            t) +               

 

Where the ratio between the two amplitudes should be: 

  
  

                        

A sine wave can be generated if the average voltage generated by the PWM is changed in every PWM cycle. The 

relation between high and low level has to be attuned according to the voltage level of the sine wave at the respective 

time. The values for adjusting the PWM can be calculated every PWM cycle or stored in a lookup table (LUT). The 

code of lookup tables are given below. 
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//Order of dtmf are : 0123456789 * # 

const int DTMF_freq1[] = { 1336, 1209, 1336, 1477, 1209, 1336, 1477, 1209, 1336, 1477,1209 ,1477  };  

const int DTMF_freq2[] = {  941,  697,  697,  697,  770,  770,  770,  852,  852,  852, 941 ,941   }; 

 

The PWM signal is put out on the OC1A. An additional output filter will help to achieve a good sinusoid. If the 

PWM frequency is decreased, it can be necessary to implement a steeper filter to obtain a good result. DTMF tones 

are generated with the help of Tone.h library. DTMF tones are combination of two frequencies in order to generate 
DTMF tone microcontroller generates two PWM signals on pin 10 & 11. Code of generating DTMF tones shown 

below: 

 
void playDTMF(uint8_t number, long duration) 

{ 

  freq1.play(DTMF_freq1[number], duration); 

  freq2.play(DTMF_freq2[number], duration); 

} 

 

For example if we want to insert letter “H”, we need DTMF tones 4 & 8. At first stage these two digits are separated 

by diving by 10 & reminder by 10. The following code generates these two tones: 

 
playDTMF(4,400); 

playDTMF(8,400); 

 

These generated tones are converted into sinusoidal signals through LM4889 IC. In the following step these signals 
are passed through the frequency modulator for modulation choosing carrier frequency 50 KHz and sampling 

frequency 8 KHz. Then the signal transmitted via Benthowave acoustic transmitter BII-8030 in underwater. 

 

 

Fig. 3 : Receiver Module 
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2.2) Receiver Module: The transmitted acoustic signal is received by a hydrophone which can receive signal ranged 

from 10 KHz-1 MHz. As the received signal strength is weak due to long distance travel, at first stage the signal is 

amplified using a power amplifier. The amplified signal is demodulated using the frequency demodulator to separate 

the message signal from the carrier signal. Now the demodulated signal consists some noise signal as hydrophone 

receives some noise from its surroundings. The demodulated signal is distorted due to some noise so a butterworth 

band pass filter is used to remove the noise from the message signal. Then this message signal is passed through the 

MT8870D DTMF decoder input pin to decode the DTMF tone to its corresponding binary bits. The Q1, Q2, Q3, Q4 

pins of MT8870D DTMF decoder are connected to the pin number 5,4,3,2 of the microcontroller. In order to 

generate a letter Microcontroller detects two successive DTMF tones and combine them. For Letter “H” the 

corresponding DTMF tone is 0X48. The first DTMF tone for digit 4 creates binary values for D0= 0, D1=0 D2=1 

D4=0 and for digit 8 only D3 is high and rest of the bits are low. In this process the receiver module receives data. 

 

3) Main Technology Used:  

3.1)  DTMF TONE  

DTMF generation is a composite sinusoidal signal of two tones between the frequencies ranging from 697Hz to 

1633Hz (CAT Paper). The DTMF keypad is arranged in a particular way that each row represents its own unique 

tone frequency and also each column represents its own unique tone. Below is a representation of the typical DTMF 

keypad and the associated row/column frequencies. 

 

                               Fig. 4 : DTMF Keypad layout 

                                                                                                       Fig. 5: DTMF frequency when any digit is pressed 
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                                                                                                                                 3.2) Our Software defined DTMF Keypad 

FLOW FHIGH KEY TOE Q4    Q3   Q2    Q1 

697 
697 
697 
770 
770 
770 
852 
852 
852 
941 
941 
941 
697 
770 
852 
941 

- 

1209 
1336 
1477 
1209 
1336 
1477 
1209 
1336 
1477 
1209 
1336 
1477 
1633 
1633 
1633 
1633 

- 

1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
* 
# 
A 
B 
C 
D 

ANY 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
0 
Z 

0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
0 
Z 

0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
Z 

1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
Z 

 

Table 1: Original DTMF Tone Matrix Table 

In our work we have eliminated * & # button and added E & F button. Now this keypad contains all 16 digits of 

BCD (binary coded decimal) digits.  We have also changed the table value of DTMF tones according to BCD values. 

The chart bellow represents the values of all 16 digits. Microcontroller receives original DTMF value but it converts 
the original value into the above value using look up table. To form an ASCII character we need two BCD digits. To 

represent any digit two DTMF tones needed to be sent. For Example if user wants to send a character ‘H’ it will send 

DTMF tones 4 & 8 as the hex value of ‘H’ is 0x48. In this way sensors can send any character it wants from ASCII 

table. Bellow we have shown the ASCII chart and corresponding DTMF tones in red color. If user wants to transmit 
a data like example, “Hello” to the receiver it has to send the following DTMF tones. To cover all the ASCII 

characters the new keypad follows the following truth table. 

 

 

Fig.7: DTMF tones for the word “HELLO” 

 

 

 

 

 

Fig. 6: DTMF keypad with digits E, F 

added           
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Table 2: Software Defined DTMF tone values                                       

 

 

 
                                                                                                     Fig.8: Complete ASCII chart using DTMF tones only 
 

To send the character “H” two DTMF tones are 4 & 8 are required. At the receiver end the received DTMF tone is 

decoded to digital binary values and combined together to show the corresponding ASCII character “H” 

 

 

 

 

 

Fig. 9: The First tone “4” is decoded to digital value 0100                

                                                                                                      

 

 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 

ANY 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
Z 

0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
Z 

0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
Z 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
Z 

KEY TOE Q4  Q3  Q2  Q1 

Fig.10: The second tone is decoded, combined & Character 

“H” shown 
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4) Modulation Performance Analysis: 

Different types of Modulation techniques are used for underwater acoustic communication like OFDM, FSK etc.  In 

this research work as DTMF tones (Analog Signals) are used to transmit data, so simple frequency modulation 

technique is used for modulation and the performance is analyzed. In Fig 11 a random DTMF tone “E” has been 

taken as input. The frequency of tone E [941, 1209]. The next figure represents the frequency estimation of the tone 

E. The frequency combination of E is 2.15 KHz and is modulated using a carrier signal.  

 

After receiving the modulated signal, the signal has been demodulated at the receiver end and was filtered to separate 

the message signal from the noise. We can see on the figure 12 that after filtering the massage signals frequency 

estimation changed in a few points of the frequency. By comparing the input signal and the final output signal at the 

receiver end we can see the percentage error presentation, which represents some small deviation in the received 

message signal 

Fig.11: Modulation of the DTMF tone E 

Figure 12: Demodulated and filtered Message signal E 
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5) Future Works: 

This simple wireless transmission protocol can be used for detecting objects using sensors, for robots community 

development and intelligence sharing, wireless robot control, long distance data communication etc. Apart from this, 

the device can be used as an acoustic modem to transmit huge amount of data and to create a wide underwater sensor 

networks. 

6) Conclusion: DTMF is a reliable technique for very long distance data transmission & Communication. Though 

Genave SuperFast rate (DTMF Encoders Manual) of 20/20 (25 tones per second) from an automatic encoder or 

Genave decoder has the ability to send 40 digits per second, means 320 bits per second as each digit or character is a 

combination of two DTMF tones each tone contains four binary bits. It can be used in further research work to 

increase the transmission rate for underwater communication. The hydrophone used in this system only can receive 

acoustic signals in 10-15 meters depth only. If a bit high cost hydrophones are used then this protocol can be used for 

deep water research purpose. This prototype is very much reliable and affordable for different underwater research 

works. 
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