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ABSTRACT 

Fiber optic communication systems is playing major role in telecommunication industry and beginning of 

information area. Copper wire communication has many drawbacks which can overcome by fiber Optic systems. It 

has advantages like flexibility, long distance communication, less loss etc. Optical fiber is used to transmit telephone 

signals, cable television signals, Internet communication for many telecommunications companies. The receivers 

which is presented in coherent Optical Coded Modulation (CM) is based on the Generalized Mutual Information 

configuration (GMI). Forward Error Correction (FEC) and Multilevel Constellations system combinely is called as 

Coded Modulation (CM). Four-dimensional signal space is the result of Coherent optical communication systems. 

Usually it will lead to Four Dimensional Coded modulation transceivers. Each polarization and quadrature is 

independently designed for uncoded transmission in the form of best 4D constellation. It will transmit and receive 

by Constellation. In uncoded transmission theoretical gain id too large. Theoretical gain is more than 4 dB, it is 

confirmed through mathematical simulations of Low Density Parity Check Codes (LDPC). The QAM with GMI 

system is better method to achieve low BER in coded modulation transceivers. GMI is useful in practical life for 

Fiber Optical communication purpose. By using 64 Quadrature Amplitude Modulation (QAM) with GMI bits can 

be transferred, it will reach the receiver part without any losses in data and also we can achieve high efficiency and 

low BER. QAm is used to achieve doubling the effective bandwidth. 

KEY WORDS: BICM, QAM with GMI, BW decoders, Channel Capacity, Coded Modulation, Fiber optic 

communications, LDPC, Non linear distortion. 

1. INTRODUCTION 
Many elements used in coherent fiber optic communication systems. Electromagnetic Polarization and 

Quadrature methods are used in Optical Communication systems. We can expect Four-Dimensional signal space in 

the form of result. In each constellation symbol should encapsulated with multiple number of bits, in order to meet 

desire spectral efficiency, resultant in multilevel Four Dimensional constellations. Forward error correction method 

can be used to decrease the sensitivity which is caused by multilevel modulation. The arrangement of FEC and 

multilevel collection is known as coded modulation. Multilevel coding method and bit interleaved coded modulation 

(BICM) schemes are the most popular modulation methods for better communication. Fig.1 shows the CM (Coded 

Modulation) Encoder and Bit wise (BW) decoder block. Low density parity check codes are high proficient linear 

block codes. It can be implemented from many single parity check codes. It will provide better result for coded 

transmission; by using an iterated soft decision decoding approach way, this method will become very closer to the 

channel capacity, at linear time complication in conditions of their block length. LDPC codes are now used in many 

application like Digital signal broadcasting, high speed communication standards, WiMAX for microwave 

communication. 

 
Figure.1. CM Encoder and Decoder 

2. RELATED WORKS 

To reduce the error performance of coherent data links without disturbing data rate value and bandwidth 

efficiency, many coding techniques are described. By using expanded sets of multilevel/phase signals we can achieve 

better result. It will increase free Euclidean distance. Viterbi algorithm can be assumed for Soft maximum likelihood 

decoding process. Here we have discussed about simple form of trellis code and channel capacity. It is offered for 8 

phase shift keying method and 16 quadrature amplitude shift keying modulation schemes. 

These simple codes achieve coding gains in the order of 3-4 dB. It is clearly figure out that the codes can be 

interpreted as binary convolutional codes with a mapping of coded bits into channel signals. It is called as "mapping 

by set partitioning." New distance can be calculated between binary code sequences with efficiently by using 

Euclidean distance method. Trellis code modulation is combined with outer code block. This outer code block is 

well thought-out for next invention 100 Gb/s Fiber optical transmission systems. We can use Zigbee protocol when 

this technique is preferred for networks. Two interleaved BCH codes is similar like as concatenated codes. These 

codes can be used as outer code block. 
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Concatenated Trellis Coded Modulation (TCM) scheme performance about quantization impact is evaluated 

with the two interleaved BCH outer codes. For the “infinite precision” performance, use 4 bit quantization method.  

  Mutual Information (MI) is similar to performance assessment of Multiple Input and Multiple Output 

(MIMO) BICM demodulator. Here Codes calculated for PDM, QPSK schemes. These schemes are normally 

calculated for binary input binary output (BIBO). Such systems normally make use of a hard decision decoder. We 

know that soft decision decoding schemes has good prospective to improve the performance over hard decision 

decoding method if the forward error correction (FEC) overhead is sufficiently very high. FEC requires some 

processing of Symbol rate for binary transmission. FEC coding will increases the transmitted signal bandwidth. 

Coding method and Modulation schemes are combined and used in trellis coded modulation (TCM). To attain better 

performance, bit interleaved coded modulation (BICM) scheme is based on binary low density parity check (LDPC) 

component codes are proposed.  

However, LDPC has complexity for implementation in soft iterative decoding process at speed of 100 Giga 

bits per second. Here a factor code has reasonable length. In fiber optic systems it will provide unavoidable losses in 

form of net coding gain (NCG). In concatenated coding scheme, TCM is used as inner code.  

 Using soft decision inner decoder and hard decision outer decoder for transmission systems, it will leads as 

complexity for implementation process. In outer code process, those two block codes are specified in ITUT 

recommendation. In fiber optic system optical to electrical conversion is done as first process. Followed by sampling 

process can be done. Finally Quantization process can be done for received signal in phase and quadrature phase 

components. 

If coherent systems consists of 16 constellations then multi-level coded modulation schemes can be used. 

Apart from this Reed Solomon, Maximum Likelihood Coded Modulation (MLCM) system and multi stage decoder 

systems are considered. An optimal code rates are considered for finding set partitioning. 

Our Proposed Frame Work: 

 
Figure.2. Post FEC Decoder block diagram 

Fig.2, show the FEC decoder block. It consists of AWGN, ML decoder for decoding process and FEC for 

error correction. BICM decoder is mismatched decoder. Instead of that we can consider generalized mutual 

information GMI. GMI system and capacity of the parallel channel model are coinciding under optimal demodulation 

process; it is entirely different from general case of an approximate demodulator method. For uncoded systems, 

Multidimensional constellations optimized method were used to achieve high Mutual Information (MI) and it is 

suitable for ML decoder’s bits to reach the receiver side. By GMI the transferred part without any losses in data and 

also if we use QAM with GMI the efficiency would be more and also BER is reduced. MI is the expected value of 

the point wise mutual information. The most common unit of measurement of mutual information is 4 bit. 

As we discussed earlier Generalized Mutual Information (GMI) is fit for decoder process. Where the BICM 

decoder is viewed as a mismatched decoder. If we combine GMI with QAM we can obtained better performance. 

Here we focused QAM system BER and SNR performance.  

The generalized mutual information is dependents on binary labeling of the constellation. Bit interleaved 

coded modulation (BICM) method will provide achievable rate bits at receiver side. The BICM with GMI system is 

called as BICM capacity and it can be evaluated statistically. When more number of constellation points and 

constellation dimensionality is increased, BICM with GMI system will become as impractical method. And also 

when many different binary labeling are used.  

Area theorem which is used in decapper’s extrinsic information transfer function is similar to the system 

consists of QAM with GMI. It will give better result compare with BICM result. Binary code, Excess-3 code, 

Reflection codes are supported by QAM with GMI systems. 

32 APSK systems were defined in S2 standard systems. QAM with GMI will provide optimized solution for 

APSK systems. By this we can obtain the Gains of approximately 0.15dB. Four dimensional modulation is applicable 

for context of bandwidth variable transceivers, which is used to achieve spectral efficiency. Simulation results are 

described below. 

Performance Evaluation: In a single dimension number of bits are presented. Those are is an integer value, due to 

their sensible consequence. We can implement for 16, 256, and 4096 constellation points. Here we have discussed 

only on QAM systems and comparison for different constellation points. The simulation result fig.3.1, shows 16 

http://www.jchps.com/
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QAM and fig.3.2, shows 64 QAM. Fig.3.3, shows Comparison results of 16 QAM and 64 QAM. Compare to 16 

QAM schemes, 64 QAM schemes will provide low BER. It will improve our SNR. 

  
Figure.3.1. 16 QAM Figure.3.2. 64 QAM 

 
Figure.3.3. Comparison of 16 QAM and 64 QAM 

3. CONCLUSION 

  In this system the receiver is based on BW decoder. So that we cannot meet desirable results for coherent 

optical CM transceivers. Multidimensional constellations optimized system is applicable for uncoded systems. This 

is used to achieve high Mutual Information (MI). For BW decoders these constellations systems are not well suited. 

To avoid this problem we can combine QAM with GMI system so that we can meet desire performance. From the 

above result we can come for conclusion that 64 QAM systems will provide better SNR for CM transceivers. Due to 

low BER and SNR increase to create an extent.  
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