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Abstract - In this paper, we describe the design and simulation of Viterbi Decoder for a multiple-input-multiple-output 
wireless communication system. The errors that are introduced in the signals in a wireless environment are very important to 
identify in order to authenticate the reception of correct data. With the developments in the wireless communication systems 
a huge amount of data is constantly communicated between transmitters and receivers. This data is interfered by the presence 
of many other communication signals, randomly generated machine noise, human generated noise and nature generated 
noise. So an effective system is required at the receiver to re-generate the originally transmitted data. Such a system ensures 
processing of correct data and avoids any undesired output generation. In the present work the design of an error detection 
and correction Viterbi decoding algorithm is performed to effectively correct a single bit error caused in the transmission of 
encoded data symbol. The simulation is verified using Xilinx software. 
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I. INTRODUCTION 
 
In the modern communication, the increasing 
congestion of signals in the wireless environment 
modulates the communication signal in the wireless 
space. To make the communication effective the data 
processing systems require a very efficient channel 
noise rejection component. There are many 
techniques to reduce the effect of error or to identify 
and remove the errors. In a Multiple-Input-Multiple-
Output (MIMO) system the data transmission is 
performed using multiple antennas. The MIMO 
implementation boosts the performance of the 
communication system. It also leads to an increased 
utilization of channel bandwidth. A parallel 
transmission of data also leads to an increased 
communication data throughput. The effects of using 
multiple antennas introduces multiple signals in the 
environment and thus the effect of noise and the other 
interference signals are more severe as it may affect 
the parallel data. 
 
In the wireless systems that involve high data rate 
communication most of the LAN based systems 
prefer the use of Orthogonal Frequency Division 
Multiplexing (OFDM) technique for transmitting the 
data symbols. This technique is more effective in the 
MIMO systems. The authenticity of the received data 
is an important characteristic of high capacity data 
systems. In wireless networks, reduction in the errors 
in the received data using system architecture 
modification is an important area of research. The 
receiver architectures more effectively characterize 
the efficiency of such systems. In such a system, the 
transmitter and the receiver are featured with 
Convolutional Encoder and its corresponding Error 
Detection and Correction (EDAC) Decoder 
respectively. An EDAC implementation in the 
wireless communication system helps to remove the 

received errors from the data. A MIMO architecture 
based communication system provides a feature to 
reduce the errors and improved channel bandwidth 
utilization with the help of system architecture. So, 
the communication architectures prefer a MIMO 
based communication with EDAC to offer high data 
capacity to the system users. 
 
IEEE 802.11 is the most commonly used wireless 
communication standard in the commercial market. A 
number of modifications are proposed by researchers 
to improve the error detection and correction ability 
of this communication standard keeping the 
importance of other performance parameters in 
proposed design. Reference [1] shows an FPGA 
based implementation of MIMO-OFDM Transceiver. 
In this reference FPGA implementation of channel 
coder, its decoder, interleaver and de-interleaver of 
MIMO-OFDM are discussed. Reference [2] shows 
design of WiFi wireless communication system using 
MATLAB and FPGA. This paper shows simulation 
and design of a wireless communication system based 
on IEEE 802.11n draft. The transmitter and receiver 
designs are modeled using VHDL for FPGA based 
implementation. References [3]-[4] show descriptive 
overview of MIMO-OFDM implementation. A 
performance analysis of MIMO OFDM based 
wireless system is shown in the [5]-[8]. References 
[9]-[10] show a review on wireless communication 
system implementation. References [11]-[14] propose 
a field programmable gate array based design of 
orthogonal frequency division multiplexing system. 
References [15]-[18] proposed the design and 
simulation of convolutional Viterbi encoder and 
decoder. 
 
In the present work, the authors propose design of 
encoder, decoder, interleaver and de-interleaver for a 
MIMO-OFDM system. The design components are 
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modeled using VHDL on Xilinx ISE Tool and the 
waveform based simulation analysis is performed on 
Xilinx ISim Tool. In this paper, section-II describes 
the Transmitter and Receiver sections of MIMO-
OFDM based communication system. Section-III 
describes the proposed design blocks: Convolutional 
Encoder and Interleaver, Decoder and De-interleaver. 
Section-IV gives simulation results. 

 
II. ARCHITECTURE OF MIMO-OFDM 
SYSTEM AND PROPOSED ENCODER-
DECODER BLOCKS 
 
In wireless communication systems Orthogonal 
Frequency Division Multiplexing (OFDM) is a multi-
carrier modulation technique that is very commonly 
used for data transmission and reception. The OFDM 
technique involve radio frequency carrier signal for 
wireless signal communication. Fig.1 shows block 
diagram of MIMO-OFDM communication system 
basic architecture. In such a system the data that 
contains the information is encoded using a 
convolutional encoder.  
 
An error detection and correction coding always 
preferred. The authenticity of the received data is 
directly proportional to the error correction efficiency 
of the decoder corresponding to the convolutional 
encoder. This stage is thus the most important stage 
of the wireless communication systems. The error 
detection and correction efficiency of the decoder is 
limited by the complexity of the implementation 
circuit to handle multiple-bit or burst error. Mostly 
encoder/decoder are used with interleaver/de-
interleaver circuits to reduce the hardware complexity 
for handling multiple bit errors. An Interleaver 
performs the task of distributing consecutive bits or 
symbols in separate packets or frames. This 
distribution saves the data from burst error effect by 
providing a gap in the distribution sequence of the 
consecutive data bits/symbols.  
 
The De-interleaver re-arranges the data in the actual 
sequence at the receiver end. The reverse operation of 
De-Interleaver leads to the uniform distribution of 
error among the received data bits/symbols.The de-
interleaved data is then easily processed by the 
Decoder block to detect and correct the error. The 
matrix representation of the Interleaver Inputdata and 
Interleaver output data is shown for a data length of 
64-bits in Table1 and Table2 respectively. 

 
 
 
 
 
 
 
 

 

 
Fig.1. MIMO-OFDM Communication System Basic 

Architecture 
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Table1: Matrix representation of Encoded Data 
(64-bits) 

 
 

Table 2: Matrix representation of Interleaved 
Data (64-bits) 

 
 
In error detection and correction convolutional 
encoder are mostly used in the communication 
systems. In a convolutional encoder the output of the 
encoder is a function of the current input bit/symbol 
and the state of the encoder register. The state of the 
encoder is also referred as encoder memory state. The 
relation between the number of input bits and the 
number of output bits of a encoder during any 
encoding step is referred using the term “rate of 
encoder”. A Rate=p/q encoder has p-input bits and q-
output bits during any encoding step. The length of 
the encoder is the number of flip-flops or memory 
elements that are used in the encoder serial shift-
register. The length of the encoder state register 
decides the number of previous inputs that are used to 
generate the encoded output. A Viterbi Encoder is the 
most commonly used convolutional encoder in the 
wireless communication systems for error detection 
and correction. Fig. 2 shows logic representation of 

Rate=1/3 Viterbi Encoder that is simulated in the 
present work. 
 

 
Fig.2. Rate=1/3 Viterbi Convolutional Encoder Logic 

Representation 
 
The Error correction decoder, i.e., Viterbi Decoder 
that is simulated in the present work is a single bit 
error detection and correction decoder. Since the 
decoder is provided data from the De-Interleaver, no 
burst error is present in the data. So, the decoder can 
easily correct the distributed errors using its single bit 
error correction ability. The Viterbi Decoder 
operation is based on the calculation of bit changes in 
every step of the decoding process. The decoder 
receives encoded symbol serially. On the basis of bit 
change in the estimated data, the decoder calculates 
State-Metric, Path-Metric and Branch-Metric for 
computing the best estimated value of the transmitted 
bit.The estimated data is retrieved by back-trace 
processing of data bits from the path of the Branch-
Metric, i.e., the path that shows minimum bit change 
during decoding. 
 
III. PROPOSED DESIGN SIMULATION AND 
RESULTS 

 
This work is designed on VHDL language platform 
on Xilinx ISE Tool. The simulation of the design 
blocks is performed using VHDL Testbench on 
Xilinx ISim Tool. Fig.3 and Fig. 4 represent the 
waveform simulation result of the Interleaver and the 
De-interleaver blocks of the proposed work. Fig.5, 
Fig.6 and Fig.7 represent the waveform simulation 
results of proposed encoder and decoder. 
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Fig.3. Interleaver Simulation Waveform 

 

 
Fig.4. De-Interleaver Simulation Waveform 

 

 
Fig.5. Proposed Encoder Simulation Waveform 

 

 
Fig.6. Proposed Decoder Simulation with NO error in received 

data 

 
Fig.7. Proposed Decoder Simulation with 16-bit Burst Error 

 
The proposed design is simulated for communication 
hardware with a capability of burst error handling. 
The FPGA based hardware utilization summary of 
the proposed Encoder and Decoder designs is 
presented in Table 3 and Table 4 respectively. 
 

Table 3: Matrix representation of Interleaved 
Data (64-bits) 

 
 

Table 4: Matrix representation of Interleaved 
Data (64-bits) 

 
 
CONCLUSIONS 
 
A convolutional Decoder is very effective design to 
detect and correct errors in wireless communication. 
The burst error bits that can be corrected by a 
particular algorithm using Viterbi concept is very 
much dependent on the allowable complexity of the 
implementation algorithm. So in the proposed work 
the EDAC algorithm is implemented using 
Interleaver. A rate-1/3 Viterbi Encoder is an effective 
algorithm to detect and correct single bit error. The 
proposed work shows a MIMO-OFDM application 
based design simulation of viterbi encoder/decoder 
for a wireless communication system. The proposed 
concept can be introduced effectively with common 
communication applications to handle large sized 
data with an effective error identification and 
correction ability of the design. 
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