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 To cope up with the higher data rate existing in modern communication 
systems multiple access technologies has been investigated OIDMA  
(Optical Interleave Division Multiple Access Technology) is one of  
the prominent technology use to fulfill this demand. Convolutional codes 
used in OIDMA systems enhance the performances and reduces the bit error 
rate of the system. In the present paper, the convolutional codes with increasing 
number of memory elements are used, the constraint length which depends on 

number of memory elements are increased with a systematic manner and their 
combined effect on response of OIDMA system has been observed. Tree inter-
leavers in taken into account for analysis purpose and BER with increasing 
number of users is plotted in graphical and tabular manner. 
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1. INTRODUCTION 

The multiple access schemes are frequently used in wireless & mobile communication to meet out 

the larger traffic intensity. Traffic intensity, measured in erlang is a tool to identify and count total quantity of 

users in a particular territory [1-2]. As traffic intensity is increasing multiple access interference (MAI) 

problem, inter-symbol interference (ISI) problem multiuser detection, near far problems are arising in 
existing multiple access technique like CDMA, TDMA, FDMA, DS-CDMA etc. [3-4]. To cope up heavy 

traffic intensity of users, solution is to use IDMA technology which drastically removers the all problems 

mentioned earlier in multiple access techniques.  

The performance of CDMA-UWB signal is examined by using Gaussian pulses shape at optical 

source [5]. The performance of Multi Carrier Code Division Multiple Access (MC-CDMA) modulation using 

MERRY algorithm and provides the better performance as compaererd to OFDM system [6]. They described 

the BER performance in F-OFDM system using the BCH code over a multipath fading channel and fulfilled 

the requirement of 5G [7]. The authors also described the PAPR performance of F-OFDMA system using the 

Arithmetic coding and Huffman coding [8]. They evaluate the BER performance of OFDM systems using 

various channels (Fading, Rayleigh, Rician and AWGN) [9].  

When optical technology is incorporated in IDMA it is more effective known as OIDMA. As we 
know that optical technology possesses advantages in terms of enormous potential bandwidth, low loss,  

less interference, low cross talk, minimum bit error rate which makes it preferable for longer distance 

transmission. IDMA is special form of CDMA where extension of bandwidth is done by same PNS code to 

all users while user‘s separation is achieved by specific interleavers for each user [10-12]. By using single 
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spreading codes, problems of cross correlation among various spreading codes and multiusers interference 

problems are greatly reduced, bandwidth of IDMA is also compressed and more number of users is served in 

limited particular bandwidth. The multiuser detection at receivers is less complicated as compared to CDMA 

because receiver has no need to store the autocorrelation, cross-correlation, noise samples, normalized power 

of various users at the detector, but only measures long likely hood ratio (LLR), APP and recognize user on 

basis of these quantities [13-15]. 

Convolutional encoder for varying constraint length 3, 5, 7, 9 and 11 is taken for analysis purpose. 

Fixing the code rate and adding the shift register with the systematic manner one by one convolutional 
encodersof different constraint length 3, 5, 7, 9 and 11are designed which produces more uncorrelated  

code-words at the output and enhances the error correcting capacity of code theoretically [16-17]. Due to this 

reason bit error rate be reduced. Using such type of convolutional encoder hardware connection in OIDMA 

system the quality and performance of OIDMA has been checked in the present article. 

In this paper, Section 2 describes the block diagram of coded optical inter-leave division multiple 

access system (O-IDMA) and explains the process of tree interleaving. Convolutional coding, designing 

architecture of convolutional encoder by varying memory elements are explained in Section 3. Section 4 

shows the simulation result and their discussion. Conclusion is discussed in Section 5. 

 

 

2. OVERVIEW OF OIDMA SYSTEM 

The architecture of OIDMA system using convolutional coding is shown in Figure 1.  
In the architecture section, the first component represents encoder. The encoder is able to reducing errors 

generated by a channel for any digital communication. Here, kth number of encoder is used for encoding  

the kth number of users, after encoding, the encoded data is spreaded with PNS sequence by spreader.  

After this the resulting signal data is more secure and almost free from interference, and transmitted to 

interleaver. The resulting signal is interleaved by using kth number of interleavers. After this interleaved data 

is combined by combiner and transmitted through optical source (LASER), reached to receiver  

section [18-19]. 

 

 

 
 

Figure 1. Optical IDMA transmitter and receiver structure 

 

 

In receiver section, optical data is firstly converted by optical detector (APD) into electrical signal. 

The received signal is noisy signals; the noisy signal is decoded by chip-matched method for multiuser 

detection and passes to elementary signal estimator. By using ESE, LLR (Log Likelihood Ratio),  
and feedback mechanism is determines the specific users [20-21].  

The mechanism of interleaver is shown in Figure 2. Here, tree interlever is used to reduce the large 

memory requirement and computational complexity [22-23]. The tree interleaver consist of the two master 

random interleavers Π1 and Π 2 which are orthogonal to each other. The tree interleaver provides zero cross 

correlation and user-specific inter-leavers [23].  
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Figure 2. Tree based interleaving technique 

 

 

3. CONVOLUTIONAL CODING 

In digital communication, for error correction convolutional coding is used. The convolutional 

coding consist of the D flip-flops and logic gates. The shifting property of convolutional encoder is generally 

used to encoder hardware design. The D flip-flops used as the shift register, and the number of shift register  

decides the length of convolutional encoder which is known as constraint length whose variation produces 

uncorrelated code words [16-17]. 

The convolutional encoder are designed by three terms A, B and C, where A is known as number of output 

bits, B is number of input bits and C is number of memory elements. The code rate is known as [B/A]. When the 
number of Ex-OR gates increase, the output bits, A, also increases, and generate the code rate ½, 1/3 & ¼ etc. with a 

fixed number of input bits, B, fixed to 1. The constraint length L = m+1, where m represents shift registers in use. 

When using higher number of shift register, output bits are highly influenced by a single bit [24-25].  

 

3.1.  Architecture of convolutional encoder by varying memory elements 

 In designing technology of convolutional encoders flip flops decides the constraint length of 

encoder [17].In the Figure 3 to Figure 7 shown below there are five convolutional encoders are designed for 

fixing the Ex-OR gates and different constraint lengths [26-27].In present work initially we have taken two 

memory elements with constraint length L = 3 & fixing the number Ex-OR gates 4, the feedback connections 

are decided by trellis [5 7 7 7] in octal representation form [101, 111, 111, 111]. This is the basic network 

topology of convolutional encoder having code rate [1/4] shown in Figure 3. Now by fixing the Ex-OR gates 
four then number of memory elements are increasing 4 (L = 5) & 6 that is (L = 7) respectively shown in 

Figure 4 and Figure 5. In Figure 4 for (1, 4) code rate possible optimum trellis are 25 27 33 37 in octal 

number representation [010 101, 010 111, 011 011, 011 111] which decides the feedback mechanism of 

encoder. Similarly, in Figure 5, L is increased as 7 that is 6 memory elements are connected with code rate 

1/4 and possible trellis are selected as [135 135 147 163] that is [001 011 101, 001 011 101, 001 100 111, 

001 110 011] in octal number and encoder feedback are setting accordingly.  

Similarly, now fixing the Ex-OR gates four then number of memory elements are increasing 8  

(L = 9) & 10 that is (L = 11) respectively shown in Figure 6 and Figure 7. In Figure 6 for (1, 4) code rate 

possible optimum trellis are 463, 535, 733, 745 in octal number representation [100 110 011, 101 011 101, 

111 011 011, 111 100 101] which decides the feedback mechanism of encoder. In Figure 7, L is increased as 

11 that is 10 memory elements are connected with code rate 1/4 and possible trellis are selected as  

[2327 2353 2671 3175] that is [010 011 010 111, 010 011 101 011, 010 110 111 001, 011 001 111 101] in 
octal number and encoder feedback are setting accordingly. The optimum trellis [23, 35] are taken from 

[reference-27 convolution coder chapter-10] which contains tabular form of all possible trellis combination 

for different code rates and constraint lengths as shown in Table 1. Theoretically as the number of memory 

elements is increasing accuracy and error detecting capability should be increased, but due to increasing 

number of flip flops delays of flip flops might come in pictures which decreases the speed of system.  
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Figure 3.Convolutional encoder [1, 4] for constraint 

length L = 3 

 
 

Figure 4.Convolutional encoder [1, 4] for constraint 

length L = 5 

 

 

 
 

Figure 5.Convolutional encoder [1, 4] for constraint length L = 7 

 

 

 
 

Figure 6.Convolutional encoder [1, 4] for constraint length L = 9 
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Figure 7. Convolutional encoder [1, 4] for constraint length L = 11 

 

 

Table 1.Maximum freedistancecodes [code rate 1/4][Source – Larsen (1973)] 
Constraint Length/ K Generators in Octal G1G2G3G4 dfree 

3 (5,7, 7, 7) 10 

5 (25, 27, 33, 37) 16 

7 (135, 135, 147, 163) 20 

9 (463, 535, 733, 745) 24 

11 (2337, 2353, 2671, 3175) 29 

 

 

4. SIMULATION RESULT AND DISCUSSION 

The OIDMA system with various blocks are programmed and interfaced to each other.  

The constraint length of convolutional codes is varied from L = 3 to L = 11 means memory elements are 
changed as 2, 4, 6, 8, 10 respectively with fixed four number of Ex-OR gates. Since the number of Ex-OR 

gates are set as 4 the code rate is (1, 4) which is termed as high code rate. The network topologies of coders 

are designed with the help of [Reference Paper 28, Conv. Codes paper chapter 10]. This paper deals with  

the constraint length and their respective generators in octal for fixed code rates. The network topology 

isdesigned according to G1 G2G3 G4values assigned for code rate (1, 4).  

The various topologies are connected in coding section of OIDMA system. The inter-leaver is 

selected as tree inter-leaver. At the input parameters the spread length is set as 16, block length 100 and data 

length 512 is fixed. At the optical parameter the Gaussian pulse of 1mW power, maximum rate 1000 Mbps 

with fixed fiber numerical aperture and dispersion parameters, APD as on optical detection with gain 1000 is 

selected, the operating wavelength is 1553nm. At the input number of users are changed starting from 220 

users up to 340 users. The observed BER for various constraint lengths are tabulated and the graph is plotted 
in Table 2 and Figure 8.  

 

 

Table 2. B.E.R. performance for various constraint length (L = 3, 5, 7, 9 and 11) with fixed code rate (1, 4) 

No. of 

Users 

BER for  

Constraint Length 

L = 3 

BER for 

Constraint Length 

L = 5 

BER for 

Constraint Length 

L = 7 

BER for 

Constraint Length 

L = 9 

BER for 

Constraint Length 

L = 11 

200 No Error No Error No Error No Error No Error 

220 1.2480 × 10
-9

 0.7248 × 10
-9

 6.4210 × 10
-10

 1.3450 × 10
-10

 No Error 

240 2.3562 × 10
-9

 1.1956 × 10
-9

 0.9465 × 10
-9

 0.3468 × 10
-9

 9.3750 × 10
-11

 

260 3.9240 × 10
-9

 2.6483 × 10
-9

 1.1102 × 10
-9

 0.6240 × 10
-9

 3.3450 × 10
-10

 

280 5.2138 × 10
-9

 3.4240 × 10
-9

 2.4832 × 10
-9

 1.3450 × 10
-9

 0.9501 × 10
-9

 

300 6.1240 × 10
-9

 4.3925 × 10
-9

 3.5368 × 10
-9

 2.3260 × 10
-9

 1.3875 × 10
-9

 

320 9.3250 × 10
-9

 7.3400 × 10
-9

 4.3620 × 10
-9

 3.1342 × 10
-9

 1.9240 × 10
-9

 

340 1.1243 × 10
-8

 9.3905 × 10
-9

 6.3442 × 10
-9

 5.2405 × 10
-9

 3.2432 × 10
-9
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Figure 8.B.E.R. performance for various constraint length (L = 3, 5, 7, 9 and 11) with fixed code rate (1, 4) 

 

 

From the observed reading obtained for L = 3, clearly shows that BER is 1.2480 × 10-9 for 220 users 

which is increasing with number of users and reaches up to 1.1243 × 10-8 for 340 users. It clearly similar to 

the theoretical aspects that as the users increases more MAI introduces which enhances BER. Some trend is 
obtained for all cases of constraint length from L = 3 to L = 11. As the number of memory elements increases 

from 2 to 4 the readings of BER is reduced from 1.2480 × 10-9 to 0.7248 × 10-9 (220 user) which further 

reduces up to 6.4210 × 10-10 (220 user) for memory element 6. This gradual reduction in BER resembles with 

theoretical aspects that using more memory elements in coder increases the dfree which is cause of reduction 

in BER. The best reading of BER obtained for the case when constraint length = 11, memory element 10 with 

values 9.375 × 10-11 for 240 users. 

 

 

5. CONCLUSION 

From the results obtained clearly indicates that using tree inter-leaver in OIDMA with various 

network topologies of convolutional encoder connected the readings of BER is quiet good and reaches up to 
10-11. The best architecture designed when ten memory element with proper generators in octal 2337, 2353, 

2671, 3175 are connected andthe performance improvement is phenomenal. As we increase the number of 

memory elements more than ten results might be more improved but system might be slowly because  

the combined delay produced by all flip flops comes into picture which affects the speed. Overall we 

conclude that by setting a proper number memory element with suitable connection of convolutional encoder 

connected in OIDMA will be a best alternative among all existing multiple access techniques to support 

enormous data rate. 
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