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Abstract— Space-time trellis codes have been developed to 

prove the performance of wireless communication systems. 

The performance criteria for the fast Rayleigh fading channel 

model were developed in characterizing the space time codes 

with two quantities, the diversity advantage which describes 

the asymptotic error rate decrease as a function of the signal 

to noise ratio (SNR), and the coding advantage, which 

determines the vertical shift of the error performance curve. 

In this project, we propose the use of a conventional adaptive 

Viterbi algorithm to alternately detect the signal and further 

update the channel estimate. When a good channel estimate 

is obtained, it is adopted to setup the whole trellis. Signal 

decision and channel updating are all started from this 

channel estimate. Space timing trellis coding (STTC) is a 

unique technique that combines the use of multiple transmits 

antennas with channel coding. This scheme provides capacity 

benefits in fading channels, and helps in improving the data 

rate and reliability of wireless communication. STTC 

schemes have been primarily designed assuming perfect 

channel estimates to be available at the receiver. However, in 

practical wireless systems this is never the case. The noisy 

wireless channel precludes an exact characterization of 

channel coefficients. Even near perfect channel estimates can 

necessitate huge overhead in terms of processing or spectral 

efficiency. This practical concern motivates the study of the 

impact of channel estimation errors on the design and 

performance of STTC. The design criteria for STTC are 

validated in the absence of perfect channel estimates at the 

receiver. Analytical results are presented that model the 

performance of STTC systems in the presence of channel 

estimate errors. Training based channel estimation schemes 

are the most popular choice for STTC Systems. The amount 

of training however, increases with the number of transmit 

antennas used. 
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I. INTRODUCTION 

In wireless communication, the fundamental difficulty is the 

fading caused by multipath propagation which severely 

impacts system performance. However, the effects of fading 

can be substantially mitigated by using diversity techniques. 

Three main forms of diversity are exploited for fading 

channels: temporal, spectral and spatial diversity. Recently, it 

was found that the space domain can be exploited to 

significantly increase channel capacity, i.e., using multiple-

input multiple-output (MIMO) systems, without increasing 

spectral and power consumption. MIMO systems are those 

that have multiple antenna elements at both the transmitter 

and receiver. 

 The concept of space-time coding by designing 

codes over both time and space dimensions. Their original 

work gave the well-known rank-determinant and product 

distance code design criteria of space time codes for quasi-

static fading and rapid fading channels, respectively. For the 

quasi-static fading case, the fading coefficients remain 

constant over an entire transmission frame, while, for the 

rapid fading case, the coefficients vary independently from 

symbol to symbol. Following Tarokh’s work, much research 

efforts have been made to develop powerful space-time codes 

based on different design criteria or improved search 

algorithms 

 The design criterion of STTC considered quasi-

static fading channels. To design codes with optimal 

performance, we first need certain performance measures. 

One of the most important performance measures is the error 

probability. 

 Particle filtering uses a genetic mutation-selection 

sampling approach, with a set of particles (also called 

samples) to represent the posterior distribution of some 

stochastic process given noisy and/or partial observations. 

The state-space model can be nonlinear and the initial state 

and noise distributions can take any form required. Particle 

filter techniques provide a well-established methodology for 

generating samples from the required distribution without 

requiring assumptions about the state-space model or the state 

distributions. However, these methods do not perform well 

when applied to very high-dimensional systems. 

 Particle filters implement the prediction-updating 

transitions of the filtering equation directly by using a genetic 

type mutation-selection particle algorithm. The samples from 

the distribution are represented by a set of particles; each 

particle has a likelihood weight assigned to it that represents 

the probability of that particle being sampled from the 

probability density function. Weight disparity leading to 

weight collapse is a common issue encountered in these 

filtering algorithms; however it can be mitigated by including 

are sampling step before the weights become too uneven. 

Several adaptive re sampling criteria can be used, including 

the variance of the weights and the relative entropy with 

respect to the uniform distribution. In the re sampling step, 

the particles with negligible weights are replaced by new 

particles in the proximity of the particles with higher weights. 

 The Viterbi algorithm is a dynamic programming 

algorithm for finding the most likely sequence of hidden 

states called the Viterbi path that results in a sequence of 

observed events, especially in the context of Markov 

information sources and hidden Markov models. 

 The algorithm has found universal application in 

decoding the convolution codes used in both CDMA and 

GSM digital cellular, dial-up modems, satellite, deep-space 

communications, and 802.11 wireless LANs. It is now also 

commonly used in speech recognition, speech synthesis, 

idolization, keyword spotting, computational linguistics, and 

bioinformatics. For example, in speech-to-text (speech 
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recognition), the acoustic signal is treated as the observed 

sequence of events, and a string of text is considered to be the 

"hidden cause" of the acoustic signal. The Viterbi algorithm 

finds the most likely string of text given the acoustic signal. 

 
Fig. 1: Viterbi Algorithm 

II. SYSTEM MODEL 

A. Communication System 

We consider the communication system with n transmit and 

m receive antennas depicted in Fig. 1. The binary message 

{bk} is encoded with a memory-ν STTC. At time instant k, a 

STTC creates a vector of encoded bits mapped into BPSK 

symbols, denoted by sk = s1 k, s2 k,...,sn k T , with si k ∈ 

{−1, +1}, for i = 1,...,n. The received noisy observation at 

antenna j is given by 

yk
j
=∑ck

(ij)
sk
j

n

i=1

+ nk
j
 

 Where ck
(ij)

 is the time-varying complex path gain 

from transmit antenna i to receive antenna j and nk
j
 is a white 

Gaussian noise sample with single-sided power spectral 

density N0. In vector notation, we have yk = [yk
1, yk

2,...,yk
m ] T 

and nk = [nk
1 , nk

2,...,nk
m ] T . The path gains are assumed to be 

independent flat Rayleigh fading coefficients. The noise 

samples on the receive antennas are also independent. At the 

receiver side, deterministic particle filtering is used to 

perform joint channel estimation and decoding. 

B. Classical State-Space Representation 

We first recall the state-space model introduced in [5]. 

Consider an approximate model for a mobile Rayleigh fading 

channel using an autoregressive model of order P (AR(P)) 

[14]. The time-varying channel gain for transmit antenna i 

and receive antenna j is written as 

ck
(ij)

=∑∅p

P

p=1

 

 
Fig. 2. Block Diagram of the STTC System 

 Where c (ij) k is the time-varying complex path gain 

from transmit antenna i to receive antenna j and nj k is a white 

Gaussian noise sample with single-sided power spectral 

density N0. In vector notation, we have yk = [y1 k, y2 k,...,ym 

k ] T and nk = [n1 k, n2 k,...,nm k ] T . The path gains are 

assumed to be independent flat Rayleigh fading coefficients. 

The noise samples on the receive antennas are also 

independent. At the receiver side, deterministic particle 

filtering is used to perform joint channel estimation and 

decoding. 

III. SIMULATION RESULTS 

In all simulations, we employ a MIMO channel with n = 2 

transmit antennas and m = 2 receive antennas. We consider 

block transmissions, where the binary message {bk} is 

organized in length-N frames. In our simulations N = 100. 

 
Fig. 3: FER vs Es/N0 for a MIMO Channel for QAM 

 To compare the blind deterministic particle receiver 

for models, It is absorbed that at high Es/N0, the receiver 

channel model viterbi algorithm is less power efficient than 

particle filtering algorithm with QAM modulation. 

 
Fig. 4: FER vs Es/N0 for a MIMO Channel for BPSK 
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 In figure above 5 DB of Es/N0 the performance of 

particle filtering is given better performance than viterbi 

algorithm. 

 
Fig. 5: FER for STTC BPSK and QAM with Vitribi 

 The performance analysis of the veterbi algorithm is 

performed with QAM and BPSK modulations. The QAM 

modulation is more suitable than with BPSK modulation. 

Less than 4 dB of Es/N0 BPSK modulation with viterbi 

algorithm is give better performance. Above 4 dB of Ef/N0 

the QAM modulation with viterbi performs better 

 
Fig. 6: FER for STTC BPSK and QAM with PFA (Particle 

Filtering Algorithm) 

 The FER of STTC with BPSK and QAM 

modulation analyzed with particle filtering algorithm. In this, 

MATLAB output shows that, upto 5dB of Es/N0 the FER is 

similar in both BPSK and QAM modulation. Whereas above 

5 dB of Es/N0 the QAM modulation perform better than 

BPSK 

IV. CONCLUSION 

In this project considered joint estimation and decoding of 

space time trellis codes with BPSK modulation and QAM 

modulation on a unknown flat Rayleigh fading MIMO 

channel. A conditionally linear Gauss-Markov state space 

model of the channel was introduced which is independent of 

the fading rate. A corresponding receiver structure based on 

ML deterministic particle filtering was proposed. It was 

shown through simulations that, even with a small number of 

particles, the performances of the blind receiver can approach 

the perfect CSI case. The main advantage of the proposed 

technique is its independence from the unknown fading rate 

for quasi - static to moderately fast fading MIMO Channels. 

 In this project, only Rayleigh flat fading channels 

were tested and used. This is due to their implementation 

simplifications. In future for simulation real wireless 

communication scenarios, Jake's Rayleigh channels are used 

due to their realistic characteristics. For further work this 

project, Rican and Jake's Rayleigh fading channels can be 

added space time code for channel estimation. 
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