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By 
 
 

MOHAMAD FITERI BIN RAZALI 
 
 

January 2015 
 
 

Chair: Harlisya binti Harun, PhD 
Faculty: Engineering 
 
 
Space-Time Trellis Code (STTC) is a wireless communication system that can 
provide both diversity and coding gain.  Since Tarokh discovered STTC in 
1998, a considerable effort has been done to improve the performance of the 
original STTC.  One way of achieving enhancement is by focusing on the 
generator matrix G.  The generator matrix G represents the encoder structure 
for STTC.  Having a generator matrix G of higher quality implies a better STTC 
transmission system.  Until now, researchers have only concentrated on STTC 
of different states in analysing the performance of generator matrix G.  No 
effort has been made on different generator matrices G of similar state.  It is 
because no algorithm available to produce a wide variety of generator matrices 

G with diverse minimum determinants. Hence, the performance of generator 
matrices G of similar state with different minimum determinant (MD) is to be 
analysed. A number of generator matrices G with minimum determinant of 
four (4), eight (8) and sixteen (16) of the same state have been successfully 
produced.   
 
 
A method was developed via coding to simulate and analyse the behaviour of 
different generator matrices G of similar state with different minimum 
determinant over a flat Rayleigh fading for a 4-PSK scheme in wireless 
communication system. The method will define the parameters and generator 
matrices G as well as establish the trellis diagram and generate the state 
diagram. The mapped output at the receiver will be used to evaluate the 
performance of generator matrices G in terms of Bit Error Rate (BER) output 
against Signal-to-Noise Ratio (SNR). This research provides an early analysis of 
how the generator matrices G of varying minimum determinant would behave
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when the signal transmission is established in a similar state of trellis. From 
this research, it is found that generator matrices G with minimum determinant 
of sixteen (16) has achieved a better performance relative to the generator 
matrices G with minimum determinant of eight (8). However at certain extent, 
increasing the minimum determinant will merely give an insignificant 
contribution to the improvement of the performance when only one receive 
antenna is used and this was shown by the performance of generator matrices 
G with minimum determinant of four (4). They achieve a better performance 
relative to the generator matrix G with minimum determinant of sixteen (16). 
This research can be used as a platform for future studies that employing 
multiple receive antennas. 
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SATU KAEDAH PERBANDINGAN PRESTASI MATRIK PENJANA 
DALAM KOMUNIKASI TANPA WAYAR 

 
 

Oleh 
 
 

MOHAMAD FITERI BIN RAZALI 
 
 

Januari 2015 
 
 
Pengerusi: Harlisya binti Harun, PhD 
Fakulti: Kejuruteraan 
 
 
Kod Trellis Ruang-masa (KTRM) adalah satu sistem komunikasi tanpa wayar 
yang boleh menyediakan kepelbagaian dan meningkatkan kadar pengkodan.  
Sejak Tarokh memperkenalkan KTRM pada tahun 1998, satu usaha yang agak 
menyeluruh telah dilakukan untuk meningkatkan prestasi KTRM yang asal.  
Satu cara untuk mencapai penambahbaikan adalah dengan memberi fokus 
kepada matrik penjana G.  Matrik penjana G mewakili struktur pengekod bagi 
KTRM.  Matrik penjana G yang berkualiti tinggi akan menghasilkan sistem 
penghantaran KTRM yang lebih baik.   Sehingga kini, para penyelidik hanya 
memfokuskan kepada KTRM dengan nod keadaan yang berbeza dalam 
menganalisa prestasi  matrik penjana G.  Tiada usaha dibuat untuk 
menganalisa matrik penjana G yang berbeza dengan nod keadaan yang sama. 
Ini disebabkan ketiadaan algorithm untuk menghasilkan kepelbagaian matrik 
penjana G yang mempunyai penentu minimum yang berlainan. Oleh sebab 
itu, prestasi matrik-matrik penjana G dengan nod keadaan yang sama tetapi 
penentu minimum berbeza akan dianalisa.  Beberapa matrik penjana G dengan 
penentu minimum empat (4), lapan (8) dan enam belas (16) dengan nod 
keadaan yang sama telah berjaya dihasilkan.    
 
 
Satu kaedah telah dibangunkan menggunakan kod aturcara untuk 
mensimulasi dan menganalisis perilaku matrik penjana G yang berbeza 
dengan nod keadaan yang sama tetapi penentu minimum yang berbeza dalam 
persekitaran Rayleigh yang mempunyai kadar susut isyarat yang sekata bagi 
skim 4-PSK dalam sistem komunikasi tanpa wayar. Melalui kaedah tersebut, 
diagram trellis dan diagram nod keadaan yang mewakili matrik-matrik 
penjana G yang telah ditentukan akan dihasilkan berdasarkan parameter-
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parameter yang diberi. Output yang dipetakan pada penerima pula akan 
digunakan untuk menilai prestasi matrik-matrik penjana G dari aspek kadar 
kesalahan bit kepada nisbah isyarat-hingar.  Kajian ini menyediakan analisis 
awal iaitu bagaimana matrik-matrik penjana G dengan penentu minimum 
berbeza akan berperilaku apabila penghantaran isyarat ditetapkan dalam nod 
keadaan trellis yang serupa. Melalui kajian ini, didapati bahawa matrik-matrik 
penjana G dengan penentu minimum enam belas (16) telah mencapai prestasi 
yang lebih baik berbanding dengan matrik-matrik penjana G dengan penentu 
minimum lapan (8).  Walau bagaimanapun, pada tahap tertentu, apabila hanya 
satu antena penerima digunakan, meningkatkan penentu minimum tidak 
meningkatan prestasi secara ketara dan ini telah ditunjukkan oleh prestasi 
matrik-matrik penjana G dengan penentu minimum empat (4). Ia mencapai 
prestasi yang lebih baik berbanding matrik-matrik penjana G yang 
mempunyai penentu minimum enam belas (16).  Kajian ini boleh digunakan 
sebagai landasan untuk kajian yang menggunakan antenna penerima yang 
berbilang di masa hadapan. 
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CHAPTER 1 
 

INTRODUCTION 
 
 

1.1 Motivation of Research 
 
There is a growth in demand for reliable high-speed wireless communication 
channels to support a broad range of applications. A lot of research has been 
carried out to improve wireless communication transmissions due to the fact 
that transmitted signals in wireless environments are received through 
multiple paths where they are attenuated by the phenomenon of fading as well 
as interference from other applications that share the same transmission 
medium. Hence, it results in performance degradations. 
 
 
Diversity techniques are broadly used to increase the information capacity as 
well as decrease the effects of multiple path fading, thus enhancing the 
reliability of transmission without increasing the transmitted power or 
sacrificing the bandwidth [1-3]. The diversity techniques can be divided into 
time, frequency and space diversity. These techniques require replicas of 
transmitted signal which are uncorrelated or independent to each other on the 
receiver end.  
 
 
The basis of the diversity technique is that, if two or more independent signals 
are received, they will fade in an uncorrelated way. For example, some signals 
are severely attenuated whilst the others will be less attenuated. The proper 
combination of the transmitted signals’ replicas at the receiver will greatly 
reduce the fading by increasing the overall received signal-to-noise-ratio (SNR) 
thus improving the reliability of the transmissions [10].  
 
 
In the space diversity or so-called antenna diversity technique, multiple 
transmit and receive antennas or multiple-input-multiple-output (MIMO) 
channels are employed due to its capability to increase the information 
capacity in wireless data transmission. The antenna arrays are arranged in 
space in proper distance to obtain the uncorrelated signals, which is the 
important feature in this diversity technique. The advantage of this technique 
over other aforementioned diversity techniques is that it does not induce any 
loss in bandwidth efficiency. The capacity of the MIMO channels can be 
improved by employing space-time coding technique due to the higher signal 
transmission quality produced [10]. 
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1.2 Development of Space-Time Trellis Code  
 

In wireless communications, radio spectrum availability is quite restricted. 
Hence, a new wireless communication system is acquired in order to 
significantly increase the communication spectral efficiency which will increase 
the communication capacity. Multiple antenna transmission systems, together 
with advance coding techniques such as Space-Times Trellis Codes (STTC), 
will vastly increase the communication capacity since the signals are 
transmitted redundantly from multiple antennas which could combat the 
fading effect during transmission without increasing the transmitted power. 
STTC was introduced in 1998 by Tarokh et al. [1, 2, 28] for wireless 
communication as a high-data rate, bandwidth, and power-efficient method 
over the Rayleigh and Rician fading channel. The STTC technique is one of the 
coding structures in the space-time coding technique. This technique is based 
on the trellis structure which can be decoded using soft-decoding techniques 
such as the Viterbi decoder. Improvement in code design criteria for the STTC 
coding technique based on generator matrices G has evolved gradually since 
its introduction. A lot of research is being carried out in this coding technique 
in order to achieve better and higher signal transmission quality. In the early 
introduction of STTC in 1998 by Tarokh et al. [1, 2, 28] until recent 
development of the coding technique, the newly developed STTC generator 
matrices G [4-9] have successfully improved the distance of codeword symbol 
(minimum determinant) compare to the previous generator matrices G.  
 
 
In this thesis, an encoder and Viterbi decoder are used to simulate the 
performance of the STTC generator matrices G with a minimum determinant 
(MD) of four (4), eight (8) and sixteen (16) of similar state 4- Phase Shift Keying 
(4-PSK) in a flat Raleigh fading environment. The Bit Error Rate (BER) for a 
range of SNR is analysed to evaluate the performance of respective STTC 
generator matrices G. 
 
 
1.3 Problem Statement 
 

In the conventional wireless communication system, a single antenna is used at 
both the transmitter and the receiver. The multipath effect is one of the major 
concerns in this system since the signals take many paths to reach the receiver 
which causes problems such as fading, cut-off, and intermittent reception of 
the signal. In digital wireless communication, this will cause the reduction in 
data speed and increase the number of errors. The multiple antenna 
transmission system is designed to increase the channel capacity and improve 
the data transmission reliability.  STTC is a coding technique designed for a 
multiple antenna transmission system. This coding technique employs 
generator matrices in order to encode the input data and map it to the 
transmitted symbols. The performance of generator matrices G of different 
states for 4-PSK scheme with 2 transmit antennas and 1 receive antenna over a 
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flat Rayleigh fading have been studied and analysed [11, 40]. By designing the 
encoder structure with more states, the coding advantage of the codes can be 
improved [1]. Nevertheless, the behaviour of the generator matrices G of 
similar states but varying minimum determinants also need to be studied in 
order to improve the performance of STTC in communication systems. No 
effort has been made before because no algorithm available to produce a wide 
variety of generator matrices G with diverse minimum determinants until 
recent development of an algorithm by [4]. The performance of generator 
matrices G of 4-PSK scheme for minimum determinants of four (4), eight (8) 
and sixteen (16) in 4-state trellis structure to be analysed because they are 
currently widely produced in STTC communication. A method via coding is 
developed which will define the parameters and generator matrices G as well 
as establish the trellis diagram and generate the state diagram. The mapped 
output at the receiver will be used to evaluate the performance of generator 
matrices G. This research provides an early analysis of how the generator 
matrices G of varying minimum determinant would behave when the 
transmission is established in a similar state of trellis. 

 
  

1.4 Objectives 
 
In this thesis, the following objectives are needed to ensure the success of the 
research. 
 
a) To simulate the generator matrices G with different minimum 

determinants over a flat Rayleigh fading for a 4-PSK scheme. 
 
 

b) To analyse the performance of each generator matrix G, based on the SNR 
and BER simulated output. 

 
 

1.5 Scope of Research 
 

The performance of the generator matrices G over communication channels 
has become one of the most popular areas of research in improving the 
performance of STTC in communication systems. One way of achieving 
enhancement is by focusing on the generator matrix G which represents the 
encoder structure for STTC. Until now, researchers have only concentrated on 
STTC of different states in analysing the performance of generator matrix G 
and no effort has been made on different generator matrices G of similar state 
due to the difficulties to produce a wide variety of generator matrices G with 
diverse minimum determinants The behaviour of the generator matrix G is 
crucial in determining its effects on the transmitted signal. Hence, the 
performance of generator matrices G of similar state with different minimum 
determinant (MD) to be analysed.  
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1.6 Organization of Thesis 
 

The organization of this thesis is as follows: 
 
Chapter One provides an introduction, problem statement, objectives and 
scope of the thesis. 
 
 
Chapter Two consists of literature review of the space-time trellis code and 
design criteria for STTC over Rayleigh fading. This chapter will review all the 
work done as well as the code construction and performance. 
 
 
Chapter Three states the methodology used in achieving the objectives, which 
explains the method of carrying out the simulation generator matrices G of 
similar state but varying minimum determinants. 
 
 
Chapter Four presents the simulation results to show which minimum 
determinant of generator matrices G that have better signal to noise ratio for 
the same data rates transmission. 
 
 
Chapter Five concludes the finding and explain the future development and 

recommendation for this research. 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

57 

 

REFERENCES 
 
 

[1] V. Tarokh, N. Seshadri and A.R. Calderbank, “Space-Time Codes for 
High Data Rate Wireless Communications: Performance Criterion and 
Code Construction”, IEEE Transactions on Information Theory, Vol. 44, 
No. 2, pp. 744-765, March 1998. 

 
[2] V. Tarokh, A. Naguib, N. Seshadri and A.R Calderbank, “Space-Time 

Codes for High Data Rate Wireless Communication: Performance 
Criteria in the Presence of Channel Estimation Errors, Mobility and 
Multiple Paths”, IEEE Transactions on Communications, Vol. 47, No. 2, 
pp. 199-207, February 1999. 

 
[3] B. Sklar, “Rayleigh fading channels in mobile digital communication 

systems Part II: Mitigation”, IEEE Communications Magazine, 35(7), pp. 
148-155, September 1997. 

 
[4] H. Harun, “An Improved Algorithm for Fast Evaluation of Space–Time 

Trellis Code (STTC) Generator Matrix”, PhD thesis, Department of 
Electrical Engineering, University of Malaya,Kuala Lumpur, Malaysia, 
2010. 

 
[5] H. Harun, K. Dimyati and U. A. U. Chulan, “Optimal Generator Matrix 

G”,   Journal:  Elsevier Aerospace Science and Technology 24 (2013), pp. 
136-140, November 2011. 

 
[6] H. Harun, U. A. Ungku Chulan and K. Khazani, “Analysing Space-Time 

Trellis Code (STTC) through Visualisation”, The 15th International 
Conference on Information Visualization 2011, IEEE Computer Society, 
London, United Kingdom, pp. 471-474 (IEEE Explore). 

 
[7] Tao M. and Cheng R.S(2001), “Improved Design Criteria and New 

Trellis Codes for Space-time Coded Modulation in Slow Flat Fading 
Channels”, IEEE Communications Letters, Vol. 5, No.7, pp.313-315,July 
2001. 

 
[8] Baro S., Bauch G. and Hansmann A., “Improved Codes for Space-Time 

Trellis-Coded Modulation”, IEEE Communication Letters, Vol. 4,No. 1, 
pp. 20-22, 2000. 

 
[9] J. Yuan, Z. Chen, B. Vucetic and W.Firmanto, “Performance and Design 

of Space-time Coding in Fading Channels”, IEEE Transactions on 
Communications, Vol. 51,No. 12, pp. 1991-1196, Dec 2003. 



© C
OPYRIG

HT U
PM

58 

 

[10] Y. Liang, “Simulation of Space-Time Trellis Codes” technical report, 
Department of Electrical and Computer Engineering, Virginia Tech, 
April 2002. 

 
[11] N. Yuen, “Performance Analysis of Space-Time Trellis Codes”, Master of 

Engineering report, Department of Electrical and Computer 
Engineering, The University of British Columbia, Canada, 2003. 

 
[12] Z. Chen, J. Yuan, and B. Vucetic, “An improved Space-Time Trellis 

Coded Modulation Scheme on Slow Rayleigh Fading Channels”, IEEE 
International Conference on Communications, 2001.ICC 2001. Vol. 4, pp. 
1110-1116, Helsinki, Finland, 11-14 June 2001. 

 
[13] B.Sklar,“Digital Communications Fundamentals and Applications”, 

Second Edition, Upper Saddle River, NJ, Prentice Hall P T R, 2001. 
 
[14] V. Tarokh, N. Seshadri, and A. R. Calderbank,”Space-Time Codes for 

Wireless Communication: Code Construction”, IEEE 47th Vehicular 
Technology Conference, Vol. 2, pp. 637-641, Phoenix, Arizona, 4-7 May 
1997. 

 
[15] G. D. Forney, “The Viterbi Algorithm,” in Proceeding of the IEEE, Vol. 

61, No. 3, pp. 268-278, March 1973. 
 
[16] Z. Chen, B. Vucetic, and J. Yuan, “Space-time Trellis Codes with 

Transmit Antenna Selection," Electron. Lett., Vol. 39, No. 11, pp. 854-855, 
May 2003. 

 
[17] D. Varshney, C. Arumugan, V. Vijayaraghavan, N. Vijay and S. 

Srikanth,”Space-Time Codes in Wireless Communications’’, IEEE 
Potentials, Vol. 22, pp. 36-38, August-September 2003. 

 
[18] S. Haykin, “Communication Systems”, Delhi, India, John Wiley and 

Sons, 4th edition, 2001. 
 
[19] B. Vucetic, J. Yuan, “Space-Time Coding”, John Wiley and Sons, 2003. 
  
[20] C.E Shannon,”A Mathematical Theory of Communication”, Bell Syst. 

Tech. J., Vol 27, pp. 379-423 (Part One), pp. 623-656 (Part two), Oct. 1948, 
reprinted in book form, University of Illinois Press, Urbana, 1949. 

 
[21] B. Amiri,”Space-time Trellis code”, Final Report, EE252 Wireless 

Communications[online].Available: 
https://www.soe.ucsc.edu/~bamiri/Report_252.pdf, 2006 

 



© C
OPYRIG

HT U
PM

59 

 

[22] W. C. Jakes, Ed.,”Microwave Mobile Communications”, New York: 
Wiley, 1974.  

 
[23] Siavash M. Alamouti, “Simple Transmit Diversity Technique For 

Wireless Communications”, IEEE Journal On Select Areas In 
Communications, Vol. 16, No. 8, October 1998. 

 
[24] A. Wittneben,”A New Bandwidth Efficient Transmit Antenna 

Modulation Diversity Scheme For Linear Digital Modulation”, in Proc. 
1993 IEEE International Conf. Communications (ICC ’93), pp. 1630-1634, 
May 1993. 

 
[25] A. Wittneben, “Base Station Modulation Diversity For Digital 

SIMULCAST”, in Proc. 1991 IEEE Vehicular Technology Conf. (VTC 
41st), pp. 848-853, May 1991. 

 
[26] N. Seshadri and J. H. Winters,”Two Signalling Schemes For Improving 

The Error Performance Of FDD Transmission Systems Using Transmitter 
Antenna Diversity”, in Proc. 1993 IEEE Vehicular Technology Conf. 
(VTC 43rd), pp. 508-511, May 1993. 

  
[27] J. H. Winters,”The Diversity Gain of Transmit Diversity In Wireless 

Systems With Rayleigh Fading”, in Proc. 1994 ICC/SUPERCOMM, New 
Orleans, LA, Vol. 2, pp.1121-1125, May 1994. 

 
[28] A.F. Naquib, V. Tarokh, N. Seshadri, A.R. Calderbank,”A Space-Time 

Coding Modem For High-Data-Rate Wireless Communcations”, IEEE 
Journal On Selected Areas In Communications  Vol. 16, No. 8, October 
1998. 

 
[29] B. Abdool-Rassool, M. R. Nakhai, F. Heliot, L. Revelly, H. 

Aghvami,”Search For Space-Time Trellis Code: Novel Codes For 
Rayleigh Fading Channels”, IEEE Proceeding On Communications Vol. 
151, No. 1, February 2004. 

  
[30] Y. Hong, A.G. Fabregas,”New Space-Time Trellis Codes For Slow 

Fading Channels”, IEEE 63rd Vehicular Technology Conference 2006, 
Vol. 3, pp. 1492-1496, 2006. 

 
[31] Y. Hong, A.G. Fabregas,”New Space-Time Trellis Codes For Two-

Antenna Quasistatic Channels, IEEE Transactions On Vehicular 
Technology, Vol. 56, No. 6, November 2007. 

 



© C
OPYRIG

HT U
PM

60 

 

[32] R. S. Blum,”Some Analytical Tools For The Design Of Space-Time 
Convolutional Codes”, IEEE Transactions On Communications, Vol. 50, 
No. 10, pp. 1593-1599, October 2002. 

 
[33] Z. Chen, B. Vucetic, J. Yuan, K. L. Lo,”Space-Time Trellis Code With 

Two, Three And Four Transmit Antennas In Quasi-Static Flat Fading 
Channels”, IEEE International Conference On Communications 2002, 
New York USA, pp. 1585-1595, 2002.  

 
[34] Z. Chen, B. S. Vucetic, J. Yuan, K. L. Lo,”Space-Time Trellis Codes for 4-

PSK With Three And Four Transmit Antennas In Quasi-Static Flat 
Fading Channels,”IEEE Communications Letters, Vol. 5, No. 2, February 
2002. 

 
[35] B. A. Bjerke, J. G. Proakis,”Multiple Transmit And Receive Antenna 

Diversity Techniques For Wireless Communications”, IEEE Adaptive 
Systems for Signal Processing, Communications, and Control 
Symposium 2000, pp. 70-75 

 
[36]  M. B. Abchuyeh, “Multilevel Space-time Trellis Codes for Rayleigh 

Fading Channels”, MSc Thesis, University of Canterbury, Christchurch, 
New Zealand, 2008. 

 
[37]   Z. Chen, J. Yuan, and B. Vucetic, “Improved Space-Time Trellis Coded 

Modulation Scheme on Slow Rayleigh Fading Channels,” Electron. Lett., 
Vol. 37, No. 7, pp. 440-441, Mar. 2001. 

 
[38] M. Jankiraman,”Space-Time Codes and MIMO Systems”, Artech House, 

August 2004. 
 
[39] K.-T. Shr, H.-D. Chen, and Y.-H. Huang,”A Low-Complexity Viterbi 

Decoder for Space-Time Trellis Codes”, IEEE Transactions on Circuit 
and Systems, Vol. 57, No. 4, pp. 873-885, April 2010. 

 
[40] SK. Masud Rana, S. M. Shamsul Alam, and K. J. Fatema,”Code 

Construction and Performance Evaluation of Space-Time Trellis Code 
(STTC) Over Rayleigh Fading Channel”, Proceedings of 14th  
International Conference on Computer and Information Technology 
(ICCIT 2011), 22-24 December, 2011, Dhaka, Bangladesh. 

 
[41] H. Harun, U. A. N. Ungku Chulan, U. A. I. Ungku Chulan, K. 

Khazani,"Improving the Evaluation of Generator Matrix G by Initial 
Upper Bound Estimation”, IEEE Computing, Communications and IT 
Applications Conference (ComComAp), pp. 85-89, April 2013. 

 



© C
OPYRIG

HT U
PM

61 

 

[42] P. Viland, G. Zaharia, and J.-F. Hélard, “Optimal Generation of  Space-
Time Trellis Codes via Closet Partitioning”, IEEE Transactions on 
Vehicular Technology, Vol. 60, No. 3, pp. 966-980, March 2011. 

 
[43] P. Viland, G. Zaharia, and J.-F. Hélard, “New Efficient Method to 

Generate Optimal 2n –PSK Space-Time Trellis Codes with a Large 
Number of Transmit Antennas”, IET Communication, Vol. 5, Iss. 10, pp. 
1413-1420, 2011. 

 
[44] X.-H. Ma, Z,-W. Zheng, and Y.-C. Huang,”Research on the Theory and 

Schemes of STTC”, IEEE Electronics, Communications and Control 
(ICECC), International Conference  pp. 429-432,  Sept. 2011. 

 

  


	A METHOD FOR PERFORMANCE COMPARISON OF GENERATOR MATRICES IN WIRELESS COMMUNICATION
	Abstract
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



