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Abstract:  

Underwater atmosphere is a capable expertise that reconnoitres the instantaneous data assembly for several 

requests. Though, underwater frequencies are disposed to errors, and categorized by spread delays, semi duplex 

messages. In underwater communication to achieve significantly consistent communication, we offer IDMA 

OFDM MIMO performance to alleviate the vanishing glitches. Simulation outcomes with grouping of BPSK 

modulation technique and Reed Solomon coding taking several interleavers Helical, Matrix and Random 

Interleaver remained examined. To progress the BER recital numerous modulation such as QAM, QPSK and 

BPSK are shared with algorithm such as Convolution coding and BPSK and Matrix interleaver method progresses 

expensively BER presentation. 
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1. Introduction  

Underwater wireless systems are used in varied variety of requests marine research, military 

applications and in commercial [1]. Underwater acoustic wireless communication networks present 

numerous contests for dependable high data-rate infrastructures. In underwater acoustic wireless 

announcement by means of acoustic connection, the complication of the network is shaped by the marine 

atmosphere erections which include twofold side distribution, delay, frequency discerning declining, 

preoccupation at high occurrences, clatter at little regularities and partial bandwidth [2]. Though 

presently available underwater wireless acoustic technology provisions delay tolerant and low data rate 

requests. State of the fine art characteristic experimental point to point audio modems practice signing 

scheme which can accomplish information rates lesser than 20kbits/s with a connection reserve of 1km, 

although commercially existing modems offer uniform lesser information rate waveforms. To upgrade 

the transmission rate over correspondence joins, either the data transfer capacity, or the unearthly 

proficiency in the unit of Hz should be expanded. Multi-input multi-output (MIMO) methods can 

radically expand the unearthly productivity by means of equal transmissions over various transmitters, 

henceforth are alluring to submerged acoustic interchanges which are inalienably data transfer capacity 

restricted. As of late, a few distinct methodologies have been explored for MIMO submerged acoustic 

interchanges, including those for single transporter transmissions and those for multicarrier 

transmissions as symmetrical recurrence division-multiplexing (OFDM). In particular, versatile 

multichannel choice input balance (DFE) has been utilized in [3] while a period inversion pre-processing 

followed by a solitary channel equalizer has been utilized in [4]. In [5] boundary transformation is 

performed on an image-by-image premise. Versatile square adjustment methods have been proposed in 

time area and in recurrence space [6], where boundary transformation is extended progressive squares. 

Utilizing premise development models (BEM) to define submerged acoustic channels, block differential 

space time coding has been explored in [8]. For multicarrier frameworks, a non-versatile square by-

block configuration was introduced in [8] which is based upon the collector created for single-transmitter 

OFDM in [9], while a block adaptive methodology was created in [10], which is based upon the single-

transmitter OFDM framework in [9]. In [10], test results were introduced for both intelligent and 

differential plans in an OFDM framework with two transmitters. In underwater communication the 

challenging part is the selection of modulation method and detection/correction error techniques. Table 

1 presents the literature review on different modulation techniques. To defend the communicated signal 

in contrast to noise and further compensations in underwater wireless acoustic networks, the coding of 

channel is significant. In underwater acoustic communication systems, the frequencies want to achieve 

high consistency in existence of clatter and interfering. The work investigates presentation of 
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Convolutional and RS coding structures with Helical, Matrix and Random interleavers and QPSK, 

BPSK, QAM variation methods.  

Table 1.  Literature survey on data rate for modulation methods 

Ref  Data Rate (kilo 

b/s) 

 Band (kilo 

hertz) 

Bandwidth Bit Error Rate 

Catipovic (1984)  1.3  4 0.25 10-2 

Freitag (1990)  2.4  18 0.15 10-3 

Freitag (1991)  0.5  6 0.15 10-2 

Mackelburg (1991)  1.3  9 0.14 10-2 

Scussel (1997)  1.1  6 0.44 10-4 

 

2. Acoustic broadcast and ambient noise 

      The analytical model for underwater wireless acoustic communication for broadcast damage and 

ambient sound is offered.   

 

2.1. Absorption Impairments and Dispersion Impairement 

 

Sound route rate rest on frequency, detachment appeal [4]. Distribution impairment rises with reserve 

[5]. The comprehensive communication damage in underwater wireless network over a objectivity of 𝑚 

meters at a indication regularity n is given by 

𝑇𝐿𝐴 = 𝑚. 10𝐿𝑜𝑔𝑛 + 𝑛. 10𝐿𝑜𝑔𝑟(𝑥)                                

(1) 

m is distribution issue (for rounded distribution m = 2, for cylinder-shaped distribution m = 1, and for 

everyday distribution m = 1.5) [7].10Log 𝑟( 𝑥) is the attention persistent and can be denoted by using 

Thorp’s method, specified by 

10𝐿𝑜𝑔𝑟(𝑥) = 0.11 
𝑥2

1+𝑥
+ 44 

𝑥2

4100+𝑥2 + 2.75. 10−4 𝑥2 + 0.003                                

      (2) 

The distribution loss escalations with frequency and with distance [8]. 

The template is used to format your paper and style the text. All margins, column widths, line spaces, 

and text fonts are prescribed; please do not alter them. You may note peculiarities. For example, the head 

margin in this template measures proportionately more than is customary. This measurement and others 

are deliberate, using specifications that anticipate your paper as one part of the entire proceedings, and 

not as an independent document. Please do not revise any of the current designations. 

2.2. Complete Propagation Construction Impairements 

In the marine underwater message indication explorations is done through numerous dissimilar 

directions, rest on the signal features in the marine and the place of the contributor and headset [9]. 

 

2.3. Ambient Clatter 

Gaussian information, control ethereal density describes the ambient clatter [10]. Subsequent 

formulation gives the control ethereal density, delivery disorder and current clatter, 

10 Log 𝐷𝑑(𝑥) = 50 +   7.5 𝑑
1

2⁄ + 21 Log 𝑥 − 41 Log(𝑥 + 0.39)              

       (3)                                  

10 Log 𝐷𝑓 (𝑥) = 39.9 + 19.9(𝑓 − 0.49) + 25.99 Log 𝑥 − 59.99 Log(𝑥 + 0.029)                                                  

(4)                   

10 Log 𝐷𝑖(𝑥) = 18 − (30𝐿𝑜𝑔𝑥)                                                                                                                            (5) 

10 Log 𝐷𝑗 (𝑥) = −14.99 + 19.99 Log 𝑥                                                                                                                 (6) 

airstream rapidity is signified by w, distribution action issue is represented by s [10]. The general control 

ethereal density is assumed to be 

𝐷(𝑞) =  𝐷𝑖 (𝑥) +  𝐷𝑓 (𝑥) +  𝐷𝑑(𝑥) +  𝐷𝑗 (𝑥)                                                                                                          (7) 

3. Block Diagram 
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For consistent information broadcast in underwater wireless sound communiqué, IDMA OFDM 

MIMO method has been realized with several coding procedures, unlike interleavers and unlike 

modulation procedures as in Fig.1. 

 

                                                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Representation of proposed work. 

 

4. Simulation Results  

      The recreation of IDMA OFDM MIMO for several encodes (Convolution code, RS code) through 

changed variation methods (QAM, QPSK, BPSK modulation) and altered interleavers (Helical, Matrix, 

Random interleavers) are inspected for several constraints by means of power feasting and BER (Bit 

Error Rate). 

4.1 Reed Solomon Coding BPSK, QPSK, QAM Modulations with Random Interleaver 

Fig. 2 shows Bit Error Rate and Fig. 3 shows the power ingesting of IDMA OFDM MIMO by 

considering RS encoding and interleaver as Random with modulation scheme as QAM, QPSK, QAM. 

For SNR 13 to 14dB Bit Error Rate is 10-3 and for QPSK, BPSK the power consumption is around 35 

dB and for QAM is around 20dB. 

   
Figure 2.  BER with RS encode, random interleaver Figure 3.  Power consuming with RS code, 

random interleaver 

 

 

BPSK / QPSK /QAM 

ifft 

Channe

lel 

 

fft 

Data  
 Convolutional / 

RS code 

Random / Matrix 

/Helical Interleaver 

 

De Modulation  

 

 

De Interleaver  
De coder Data  



Turkish Journal of Computer and Mathematics Education        Vol.12 No.12 (2021), 1243-1249 

Research Article                                                                                                                                                                                                                                                                                                     

1246 

 

 

4.2. Reed Solomon Coding BPSK, QPSK, QAM Modulations with Matrix Interleaver 

Fig. 4 shows Bit Error Rate and Fig. 5 shows the power ingesting of IDMA OFDM MIMO by 

considering Reed Solomon coding, interleaver as matrix with modulation scheme as QAM, QPSK, 

QAM. For SNR 13 to 14dB. Bit Error Rate is 10-3 and for QPSK, BPSK the power consumption is 

around 35 dB and for QAM is around 20dB. 

 
 

Figure 4.  BER with RS encode, matrix interleaver  Figure 5.  power consuming with RS code,     

matrix interleaver 

 

4.3. Reed Solomon Coding BPSK, QPSK, QAM Modulations with Helical Interleaver 

Fig. 6 shows Bit Error Rate and Fig. 7 shows the power ingesting of IDMA OFDM MIMO by 

considering Reed Solomon coding, interleaver as Helical with modulation scheme as QAM, QPSK, 

QAM. For SNR 13 to 14dB Bit Error Rate is 10-3 and for QAM, QPSK, BPSK the power consumption 

is around 35 dB. 

       
Figure 6.  BER with RS encode, helical interleaver  Figure 7.  Power consuming with RS encode, 

helical interleaver 
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4.4. Convolutional Coding BPSK, QPSK, QAM Modulations with Random Interleaver 

Fig. 8 shows Bit Error Rate and Fig. 9 shows the power ingesting of IDMA OFDM MIMO by 

considering Convolutional coding, interleaver as Random with modulation scheme as QAM, QPSK, 

QAM. For SNR 13 to 14dB Bit Error Rate is 10-3 and for QAM, QPSK, BPSK the power consumption 

is around 35 dB. 

 

Figure 8. BER with convolutional encode, random               Figure 9. Power consuming with 

convolutional interleaver                                                                                   encode, random 

interleaver          

 

4.5. Convolutional Coding BPSK, QPSK, QAM Modulations with Matrix Interleaver 

Fig.10 shows Bit Error Rate and Fig. 11 shows the power ingesting of IDMA OFDM MIMO by 

considering Convolutional coding, interleaver as Matrix with modulation scheme as QAM, QPSK, 

QAM. For SNR 13 to 14dB Bit Error Rate is 10-3 for QPSK, QAM. And for BPSK Bit Error Rate is 10-

5. For QAM, QPSK, BPSK the power consumption is around 35 dB. Performance of constraint is shown 

Table 2. 

 
Figure 10.  BER with convolutional encode,                    Figure 11.  Power consuming with 

convolutional matrix interleaver                                                               encode, matrix interleaver          

 



Turkish Journal of Computer and Mathematics Education        Vol.12 No.12 (2021), 1243-1249 

Research Article                                                                                                                                                                                                                                                                                                     

1248 

 

 

4.6. Convolutional Coding BPSK, QPSK, QAM Modulations with Helical  Interleaver 

Fig. 12 shows Bit Error Rate and Fig. 13 shows the power ingesting of IDMA OFDM MIMO by 

considering Convolutional coding, interleaver as Helical with modulation scheme as QAM, QPSK, 

QAM. For SNR 13 to 14dB Bit Error Rate is 10-3 and for QAM, QPSK, BPSK the power consumption 

is around 35 dB.  

    
Figure 12.  BER with convolutional encode,                Figure 13.  Power consuming with 

convolutional encode, helical interleaver                                                          helical interleaver            

Table 2.  Evaluation of performance parameters 

Modulation  Encoder  Interleaver Power 

consumption 

in dB 

Bit error rate 

BPSK  Reed solomon  Random 35 10-3 to 10-4 

QPSK  Reed solomon  Random 32 10-3 

QAM  Reed solomon  Random 20 10-3 

BPSK  Reed solomon  Matrix 35 10-2 

QPSK  Reed solomon  Matrix 33 10-3 

QAM  Reed solomon  Matrix 20 10-3 

BPSK  Reed solomon  Helical 38 10-2 to 10-3 

QPSK  Reed solomon  Helical 32 10-3 

QAM  Reed solomon  Helical 30 10-3 

 

5. Conclusion  

      For consistent underwater wireless acoustic communication this paper examines the mixture of 

IDMA OFDM MIMO with Convolutional and RS encoding techniques with Helical/Random/Matrix 

interleavers and QAM/QPSK/BPSK modulation methods. The simulation outcomes disclose that the 

groupings Quadrature Amplitude Modulation method with Reed Solomon coding technique   with 

Matrix and Random interleaver gives BER up to 10-3 and power consumption is 20dB at Eb/No 13 to 

14dB. The grouping of Binary Phase Shift Keying with Convolutional coding technique and Matrix 

Interleaver progresses Bit Error Rate up to 10-5and power consumption is 35dB for Eb/No 13 to 14dB. 

Simulation outcome offers the trade-off between power and Bit Error Rate. 
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