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 This paper is an attempt to design and implement a communication system for Under 

Water Telemetry (UWT). The modulation and demodulation techniques used are non-

coherent and have been achieved by using M-ary FSK. This paper also includes a 

comprehensive discussion of the design aspects and the reasons for choosing the design. The 

different constraints involved in implementing the same have been pointed out and the 

necessary steps taken to overcome those constraints have been described. The performance of 

the system has been substantiated with the experimental findings. 

  
Key words: M-ary FSK, Under Water telemetry, Voltage controlled oscillator, 

Communication system 

Corresponding Author: S.Chandra Mohan Reddy 

 

1. INTRODUCTION 

The need for underwater wireless communications exists in applications such as remote control 

in off-shore oil industry, pollution monitoring in environmental systems, collection of scientific 

data recorded at ocean bottom stations, speech transmission between divers, and mapping of the 

ocean floor for detection of objects, as well as for the discovery of new resources. Wireless 

underwater communications can be established by transmission of acoustic Waves. Underwater 

acoustic communications are a rapidly growing field of research and engineering as the 

applications, which once were exclusively military, are extending into commercial  fields. 

The possibility of maintaining signal transmission, but eliminating physical connection of 

tethers, enables gathering of data from submerged instruments without human intervention and 

unobstructed operation of unmanned or autonomous underwater vehicles. 

Underwater telemetry is the collection of data and communication of voice, control signals with 

water as the channel. The most common medium of underwater wireless communication is 

ultrasonic waves. For communication in shallow water environments, factors such as multipaths 

and shipping noise have to be taken into account. Thus, the main problem with using ultrasonic 

communication in underwater is the complexity of the water channel. Channel imperfections are 

numerous and multipaths can be due to density gradients and the non-homogeneity of the water 

caused by the particles of solid or gaseous matter. Acoustic waves are not the only means for 

wireless transmission of signals under water. However, radio waves that will propagate any 
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distance through conductive sea water are the extra low frequency ones (30Hz-300 Hz) which 

require large antennae and high transmitter powers. Optical waves do not suffer so much from 

attenuation, but they are affected by scattering. Consequently, transmission of optical signals 

requires high precision in pointing the narrow laser beams. While the laser technology is still 

being perfected for practical use, acoustic waves remain the single best solution for 

communicating under water in applications where tethering is unacceptable. The reliability 

requirements are not as stringent as for the command signals, and a probability of bit error of 10
-3

 

to 10
-4

 is acceptable for many of the applications [1]. 

To overcome the difficulties of time-varying multipath dispersion, the design of commercially 

available underwater acoustic communication systems has relied so far mostly on the use of non-

coherent modulation techniques and signalling methods which provide relatively low data 

throughput. Recently, phase-coherent modulation techniques, together with array processing for 

exploitation of spatial multipath diversity have been shown to provide a feasible means for a 

more efficient use of the underwater acoustic channel bandwidth. These advancements are 

expected to result in a new generation of underwater communication systems, with at least an 

order of magnitude increase in data throughput. Since the project is an initial attempt to design a 

prototype of the telemetry system, the non coherent modulation techniques are chosen for the 

design. 

As an energy-detection (incoherent) rather than phase-detection (coherent) algorithm, FSK 

systems were seen as intrinsically robust to the time and frequency spreading of the channel. The 

use of digital techniques was important in two respects. First, it allowed the use of explicit error-

correction techniques to increase reliability of transmissions. Second, it permitted some level of 

compensation for the channel reverberation both in time (multipath) and frequency (Doppler 

spreading). As processor technology improved, variants of the FSK algorithm that exploits the 

increased demodulation speeds were implemented. While signalling alphabets are much larger 

today, the incoherent FSK modems in use have no fundamental differences from those early 

ones. However, there have been tremendous strides in hardware design since their introduction. 

Technical issues such as signal generation, demodulation speeds, and the frequency agility 

required by high-bandwidth systems (e.g., filters) initially posed serious obstacles but have been 

largely overcome by the relentless progress in processors. Power efficiency, however, remains a 

concern for remote transmitters. Incoherent systems, however, retain a fundamental trait that 

pressed the scientific community to consider other modulation methods despite the reliability of 

FSK modulation. The inefficient use of bandwidth of incoherent systems coupled with the 

limited availability of bandwidth underwater makes them ill-suited for high-data-rate 

applications such as image transmission or multi-user networks except at short ranges. Larger 

data rate-range products required the use of coherent modulation. 

Many systems have been successfully designed using the FSK modulation techniques. A 

representative system for telemetry at a maximum of 5 kbps uses a multiple FSK modulation 

technique in the 20-30 kHz band. This band is divided into16 sub-bands in each of which a 4 

FSK signal is transmitted Hence, out of a total of 64 channels, 16 are used simultaneously for 

parallel transmission of 32 information bits (two information bits per one-channel sub band). 

This system has successfully been used for telemetry over a 4 km shallow water horizontal path 

and a 3 km deep ocean vertical path. It was also used on a 700 m shallow water path, where 
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probabilities of bit error on the order of 10
-2

 to 10
-3

 were achieved without coding. The system 

performance may be improved by using error correction coding; however, its data rate will be 

reduced. The multiple FSK system has been implemented and is commercially available with a 

maximum data rate of 1200 bps despite the fact that these systems have bandwidth efficiency 

which does not exceed 0.5 bps/Hz. Non-coherent FSK is a good solution for applications where 

moderate data rates and robust performance are required. 

In this paper the design of underwater communication system using M-ary FSK is well 

addressed and successfully implemented. This paper is organized into five sections. Section 2 

describes the background of underwater communication systems and its literature survey. This 

is followed by the design aspects of the proposed underwater telemetry system using M-ary 

FSK in section 3. Experimental observations and results and discussions are presented in 

section 4 and 5 respectively. Finally conclusions are drawn in section 6. 

2. Background of Under Water Telemetry systems  

One of the first underwater communication systems was an underwater telephone, which was 

developed in 1945 in the United States for communicating with submarines. This device used a 

single-sideband (SSB) suppressed carrier amplitude modulation in the frequency range of 8-11 

kHz, and it was capable of sending acoustic signals over distances of several kilometers. 

However, it wasn’t until the development of VLSI technology that a new generation of 

underwater acoustic communication systems began to emerge. With the availability of compact 

DSPs with their moderate power requirements, it began possible for the first time to implement 

complex signal processing and data compression algorithms at the submerged ends of an 

underwater communication link. During the past few years, significant advancements have been 

made in the development of underwater acoustic communication systems, in terms of their 

operational range and the data. Prior to the 1970’s, analog systems were developed which were 

essentially loud speakers but they had no capability of for mitigating the distortion introduced by 

the reverberant underwater channel. The early 1980’s saw telemetry systems capable of 

achieving a data rate x range product of approximately 0.5 km x kbit. By the mid-1990’s, fielded 

systems were achieving nearly 40 km x kbit in shallow waters and approximately 100 km x kbit 

in deep waters [2]. 

Many other important advances have been made in the areas of high-rate incoherent modulation 

and error control coding. Nonetheless, modem operation in more adverse channels would seem 

to require explicit incorporation of the underlying ocean telemetry channel physics. Acoustic 

propagation models tailored to telemetry applications are sorely needed. Channel 

characterization that captures the time variability of the channel is a necessary component of 

these models. With such a priori knowledge in hand, one may envision model-based receivers 

that can efficiently represent the challenging littoral and surf zone environments currently under 

consideration. 

2.1 Frequency Shift Keying Technique 

Frequency-shift keying is a coherent binary signalling digital modulation technique in which the 

frequency of the carrier is switched between either of the two possible values corresponding to 

binary symbols ‘0’ and ‘1’, with fixed frequency limits set by the channel. The input binary 
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sequence is represented in its on-off form with symbol ‘1’ represented by constant amplitude of 

bE Volts and symbol ‘0’ represented by 0 Volts. By using an inverter in the lower channel in 

the figure we, in effect make sure that when we have symbol ‘1’ at the input, the oscillator with 

frequency f1 in the upper channel is switched on while the oscillator with frequency f2 in the 

lower channel is switched off with the result that f1 is transmitted. Similarly for symbol ‘0’, 

signal having frequency f2 is transmitted. A practical way of implementing FSK transmitter is by 

using a Voltage Controlled Oscillator (VCO). 

A further improvement of binary shift keying is M-ary FSK where ‘n’ bits are grouped together 

and ‘M’ different frequencies are used to transmit the data. As the possible signals that can be 

transmitted to represents ‘n’ bits are 2
n
, the value of ‘M’ is equal to 2

n 
. The symbol duration, T is 

‘n’ times that of Tb, where Tb is the bit duration. If the signals are generated by changing the 

frequency of a carrier in ‘M’ discrete steps, then M-ary FSK is achieved. Bandwidth efficiency 

of a channel is given as M
B

R

t

b
2log , where Rb is the bit rate and Bt is the transmission 

bandwidth of the channel [3]. 

By taking white Gaussian noise spectral density as η, the probability of error for a M-ary FSK 

can be given by 















22

1 b
e

nE
erfc

M
P  where Eb is bit energy [4].The coefficient causes Pe to 

increase with increasing ‘n’ while the factor ‘n’ in the argument of erfc causes Pe to decrease 

with increasing ‘n’. Using M-ary FSK, with the bit rate, noise power spectral density and 

probability of symbol error fixed an increase in ‘M’ results in a reduced power requirement. 

However this reduction in transmitted power is achieved at the cost of increased bandwidth. 

Thus M-ary FSK signalling system is capable of transmitting data at a rate up to channel capacity 

with an arbitrary small probability of error. 

3. Proposed Under Water Telemetry System 

3.1 Transmitter:  

The proposed system consists of a quaternary FSK transmitter, and a corresponding FSK 

receiver. The frequencies used in the transmission are 14 kHz, 16 kHz, 18 kHz, 20 kHz, 22 kHz 

and 24 kHz with a frequency spacing of 2 kHz. By applying the Nyquist criterion, a maximum 

baud rate of 1000 symbols per second can be achieved without any aliasing effect. In fact, the 

frequency spacing should be in multiples of the symbol rate for minimum distortion as shown in 

Fig.1. The block diagram of the transmitter of the proposed underwater telemetry system is 

shown in Fig.2. 
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Fig.1: Spectrum of an M-ary FSK signal 

 

 
Fig.2: Block diagram of the transmitter of the proposed UWT system 

The required one of the 8-output generated by the decoder is low voltage signals, whereas 

CD4016 quad analog switch operated at +5 Volt. In order to make the low voltage signal to      

+5 Volts, it is passed through an inverter. After a line is selected for a 3-bit data, the 

corresponding output should be responsible for the generation of a specific frequency. This can 

be made possible by the use of a switch, which connects one external resistor to the sinusoidal 

voltage controlled oscillator (VCO) for each symbol. For this CD4016 is selected that comprises 

of four analog switches. Corresponding to each switch there is a control voltage pin. Depending 

on the control voltage applied to the control pin the switch is closed or opened [5]. Quad Analog 

Switch is used to select a particular resistance for generation of frequency by XR2206. The 

internal diagram of CD4016 is as shown in Fig.3. 

 
Fig. 3: Internal diagram of CD4016 
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There are six frequencies employed in this experiment for M-ary FSK. On the transmitting side, 

the required frequency is generated by changing the resistance (R) values of the frequency 

generator. The resistor values are calculated by fixing the capacitance, C = 10nF. The resistor 

values for generating six frequencies are shown in Table 1 and the circuit for generating M-ary 

FSK signals is shown in Fig.4. 

Table 1: Design Parameters for selecting M-ary frequencies. 

 

 

 

 

 

 

 

 

 

 

Fig 4: M-ary signal frequency generator 

3.2 Receiver 

The block diagram of the receiver of the proposed underwater telemetry system is shown in 

Fig.5. 

 
Fig. 5: Block diagram of the receiver of the proposed UWT system 

 

The first stage in receiver is pre amplifier that amplifies the received signal and suppresses the 

noise levels. In the proposed design, three inverting amplifiers are cascaded with variable gain of 

S

F
F

R

R
A  . The circuit diagram of the inverting amplifier is shown in Fig.6.  

The design of Narrow Band Pass Filter (NBPF) is one of the critical for avoiding the cross talk. 

First order NBPF employed for the proposed system and is shown in Fig.7. The resistance (R) 

values for each M-ary frequency (for fixed capacitance of 10nf) are calculated and are given in 

Table 2. 

Frequency Resistor at pin 7 

14 kHz R1 = 1136 Ω 

16 kHz R2 = 994.2 Ω 

18 kHz R3 = 884.2 Ω 

20 kHz R4 = 795.7 Ω 

22 kHz R5 = 723.4 Ω 

24 kHz R6 = 663.1 Ω 
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        Fig.6: Inverting amplifier   Figure 9: Modified NBPF (Deliyannis) Filter 

Table 2: Design parameters of 1
st
 order Narrow Band Pass Filter 

 

 

. 

 

 

 

  

 

The variations in bandwidth, center frequency with respect to R1, R2 and R3 are observed in P-

Spice and the results are shown in Fig. 10 to Fig. 12. 

                

Fig. 10: Variation of BW and fc w.r.t R1        Fig. 11: Variation of BW and fc w.r.t R2 

Frequency R1 (Ω) R2 (Ω) R3  (Ω) R4 (Ω) 

14 kHz 1136.8 59.83 22.7k 1136.8 

16 kHz 994.2 52.35 19.9k 994.2 

18 kHz 884.2 46.53 17.6k 884.2 

20 kHz 795.7 41.88 15.9k 795.7 

22 kHz 723.4 38.07 14.4k 723.4 

24 kHz 663.1 34.90 13.2k 663.1 
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Fig. 12: Variation of BW and fc w.r.t R3 

Envelop detector is used to extract the envelope of NBPF output. The output of the envelope 

detector is almost a D.C voltage, and is maximum at the frequency for which NBPF is tuned. The 

time constant RC is selected as high value to reduce the spikes because of the capacitor charging 

and discharging. To make the system more robust to the noise, the comparator takes the DC 

outputs from the amplifier and compares with the individual threshold voltage (variable). The 

gain of the post amplifier is adjusted in such a way that its output is greater than the 

corresponding comparator threshold voltage. At the same time it should be less than the other 

comparator threshold voltages. So only one comparator output is high at any instance. This is 

output is then given to a NOT gate and to a priority encoder.  

4. Experimental Observations 

The decoder was implemented by using 74HC138 IC which runs active low signals. So a NOT 

gate was used between quad analog switch and the decoder using 7404 IC. The frequency 

generator was implemented by using XR2206 IC which is a monolithic function generator 

integrated circuit capable of producing high-quality sine, square, triangle, ramp and pulse 

waveforms of high stability and accuracy. The output waveforms can be both amplitude and 

frequency modulated by an external voltage. The frequency of operation can be selected over a 

range of 0.01 Hz to more than 1 MHz. The circuit is ideally suited for communications, 

instrumentation, and function generator applications requiring sinusoidal tone, FM, AM or FSK 

generation. The wiring diagram of both transmitter and receiver are shown in Fig. 13 and Fig.14 

respectively.  

5. Results and Discussions 

Initially the 3-bit data is given to 3 to 8 decoder. As output is active low, it is given to a NOT 

gate so as to generate a control voltage of 5v for CD4016 Quad analog switch. When the control 

voltage reaches 5V the switch is closed and a particular resistor is selected for generation of 

frequency by XR2206. The VCO output frequency is proportional to the input current drawn 

from pin 7 or 8 which is set by selected resistance. The received signal is first passed through a 

3-stage cascaded inverting amplifier and then through a buffer to reduce the loading and noise 

effects on the signal. When the frequency of the received signal is equal to the tuned frequency 

of NBPF, the corresponding comparator output is high which enables the input line of the 

Encoder through a NOT gate. Finally the encoder generates a 3-bit data depending on the input 
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line selected. The output is then compared with the transmitted data and ensured that both are 

equal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13: Wiring diagram of Transmitter    Fig. 14: Wiring diagram of Receiver 

6. Conclusions 

The system designed consists of a transmitter which sends binary data and receiver which 

receives the same data. This system is tested by connecting the transmitter output directly to the 

receiver input and verifying the data on the both sides. The system does not take into account the 

noise effects introduced in the channels. But, the noise effects can be easily studied by 

connecting the transducers (hydrophones) to both the transmitter and the receiver and separating 

them by a distance in the water channels. The system is designed to support a maximum data rate 

of 100bps which is not sufficient to transmit voice and video signals which require higher data 

rates. 
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