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ABSTRACT  

This paper presents a proposed blind detection method for Multiple Input 
Multiple Output-Space Time Coded (MIMO-STC) wireless systems based on 
Independent Component Analysis (ICA). The proposed method used the statistical 
independence of the sources of signals for blindly detection of STC signals. The 
original transmitted signals are estimated by gradient the kurtosis-based objective 
function of the received signals. In contrast to other approaches, the proposed method 
does not require any modification in transmission side or using the training sequences. 
Simulation results using MATLAB demonstrate competitive results for the proposed 
system comparing with conventional Minimum Mean Squared Error (MMSE) detector.  
Where at  (10-7) Bit Error Rate (BER) there is about (4 dB) and (7.5 dB) improvement 
in Signal to Noise Ratio (SNR) for the proposed system adopting Orthogonal Space-
Time Block Coded (OSTBC) scheme with (6) receiving antennae comparing to 
the same system with (4) and (2) receiving antennae respectively. 

 
Keywords: Blind Detection Methods, Independent Component Analysis, MIMO-STC    
                   Wireless Systems. 

 
متعددة المداخل متعددة المخارج  -الزمنیة الترمیز الأعمى لأنظمة لكشفا طریقة

 المستقل للعناصر لبالاعتماد على التحلی اللاسلكیة
 

 الخلاصة
 متعدد المداخل متعدد الزمني الترمیزأنظمة  لإشارات عمیاء استقبال طریقةفي ھذا البحث یتم تقدیم      

 عل�ى الطریق�ة حس�بالمبن�ي  المس�تلمیس�تغل  لتحلی�ل المس�تقل للعناص�ر.المخارج بالاعتماد على طریق�ة ا
 لأنظم��ة اللاس��لكیةات الإش��ار كش��فالبن��اء الإحص��ائي لمص��ادر الإش��ارات المس��تلمة لغ��رض  ةالمقترح��
باس�تخدام طریق��ة انح�دار المعادل��ة الموض��وعیة  الإش��ارات المرس��لة. ی��تم تخم�ین بص��ورة عمی�اءالترمی�ز 

میز الأسلوب المقترح بأنھ لا یتطلب أي تعدیل لجھاز الإرسال أو إرسال إش�ارات للإشارات المستلمة. یت
لطریق�ة المقترح�ة مقارن�ة م�ع ل تنافسیة أداءنتائج المبرمجة بواسطة الماتلاب  المحاكاةتوضح التدریب. و

وطریق��ة ) ھوائی��ات اس��تلام 6حی��ث یحق��ق المس��تلم المقت��رح ذو(.  تقلی��ديال )MMSEنت��ائج أداء كاش��ف (
مقارن�ة م�ع نف�س المس�تلم لك�ن بع�دد ھوائی�ات  )dB .57( و )dB 4بح�دود ( رب�ح (OSTBC) لترمی�ز ا

   .  (BER=10-7)) على التوالي عند2) و(4استلام (
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INTRODUCTION  

ultiple Input Multiple Output (MIMO) wireless systems are shown to 
provide significantly higher data rate than Single Input Single Output (SISO) 
systems [1]. Enhanced spectral efficiency, increased capacity feature, the 

ability to tackle fading effects in multipath channels and the overall transmission 
performances improvements form very important factors for MIMO wireless systems 
[2].  

MIMO systems used the Space-Time Coded (STC) schemes for approaching the 
information theoretic capacity limit of MIMO channels. Another benefit of STC is to 
transmit multiple copies of data stream across multiple antennae to exploit the various 
received versions of data to improve the reliability of data-transfer [3]. According to 
their coding schemes properties, different types of STC systems are designed such as, 
Orthogonal Space-Time Block Coded (OSTBC) systems [4],[5], Quasi-Orthogonal 
(QOSTBC) systems [6],[7] and Spatial Multiplexing (SM) [8] with different wireless 
communication applications.  

In reception side of STC systems, the Channel State Information (CSI) must obtain 
in order to compensating the effects of wireless channel for recovering the original 
user's symbols properly [1]. The training sequences are commonly used for obtaining 
the CSI in the STC systems, the Zero Forcing (ZF) and the Minimum Mean Squared 
Error (MMSE) detectors are good examples of the training based method [9].  
Nevertheless, using the training sequences reduces the bandwidth efficiency, and the 
limitation of the training sequences number, result in inaccurate channel estimations. 
Using such imperfect CSI at the receiver, in turn, can substantially reduce the 
performance of the conventional decoder [10].  

The drawbacks of the training based methods have motivated an increasing interest 
in the development of blind STC symbols detection and channel estimation methods 
[10]. Blind Source Separation (BSS) based methods have been introduced for STC 
systems. The BSS based methods are able to obtain the CSI without using the training 
sequences, which costs extra bandwidth based on Higher Order Statistics (HOS) of the 
received signals [11].  

Independent Component Analysis (ICA) is the major tool to perform the BSS [12]. 
ICA based on the assumption of mutual statistical independence between sources of 
signals, can be employed to estimate the original signals directly from the statistics of 
received signal. The blind signal's estimation can be done by maximizing the non-
gaussianity of the received signals, without knowing the CSI, as long as the transmitted 
signals are linearly independent [13].    

Blind signals estimation methods based on ICA have been investigated in many 
literatures for STC systems. These methods are either did not taking into account the 
specific structure of the STC signals as the methods in [14-15], or they are limited to a 
specific type of STC schemes as in [16-18].  

Despite these literatures, none of the previous approaches is able to estimate the 
STC signals that transmitted over the MIMO channel without modification in 
transmission side or using the training sequence completely in blind fashion.  

The aim of this paper is to detect the original STC transmitted signals blindly from 
the received observation signals only for different types of STC schemes. The STC 
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signals that transmitted over the wireless MIMO channel are estimated based on ICA 
by gradient the kurtosis-based objective function of the observation signals. The 
proposed blind receiving system based on ICA is applied to different STC schemes and 
for different number of receiving antennae.  

 
SYSTEM MODEL  

The MIMO-STC transmission system with Nt transmit antennae and the proposing 
blind receiving system based ICA with Nr receiving antennae is illustrated in Figure 
(1). In transmission side, the user's data information are modulated and organized into 
blocks format. The block consists of Ns symbols during  f  time slots. The space-time 
encoder generates an [Nt ×f] block matrix from a block si of Ns symbols, si = [s1, s2, . 
. . , sNs], then transmits through the Nt antennae. The channel impulse responses 
remains constant during the duration of block of Ns symbols and vary independently 
from block to another. The block of coded data matrix, C, can be written as the 
following [19] 
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                                                                                                    … (1) 

 
Where the [Nt ×f] matrices Gi are the generating space-time coded matrices. 

In reception side, the ICA block represents the first stage of the proposed blind 
receiving system, that received the observation signals through the Nr receiving 
antennae. The observation signals xk are as the following: 

 
xk = [x1, x2, . . . , xNr]                                                                                      … (2) 

 
Where k is the index of reception antennae (k = 1, 2, . . . , Nr). The bth received 

observation block of signal xb,k , that observed through the k receiving antenna can be 
written as: 
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Where j is the index of the transmission antennae (j = 1, 2, . . . , Nt). The matrix of 

the original coded source of signals that transmitted over the j transmit antenna, Cb, j , 
with size of (Nt×Ns) and the observation signals matrix xb,k with size of (Nr×Ns) are 
the complex valued baseband signals, while H  with size of (Nr×Nt) is the channel 
impulse response matrix. The elements of H are independent identically distributed 
(i.i.d), with Rayleigh distributed for amplitude and uniformly distributed for phase. 
The nb with size of (Nr×Ns) is the Additive White Gaussian Noise (AWGN), with a 
zero mean and unit variance. The ICA is aimed to extracting the original sources of 
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signals from the received mixture of signals based on statistics of the received signals. 
In order to use the ICA to estimate the original signal without the knowledge of CSI 
the signals must be statistically independence with nongaussian distributions, and the 
number of receive antennae have to be equal or more than the number of transmit 
antennae. In addition, the average transmits power on each antenna is normalized to 
unity [13].  

The ICA stage of the proposed receiving system consists mainly of whitening and 
estimation signals processes. The Principal Component Analysis (PCA) is a common 
method that frequently used for whitening the received signals through the estimation 
the whitening matrix V. The whitening matrix V is obtained based on the Eigen Value 
Decomposition (EVD) analysis of the autocorrelation matrix Rxx of received signals xb 
as the following [13] 
 

21
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                                                                   …  (4) 
 
where U is the Nr×Nt matrix of eigenvectors of Rxx and Λ is the Nt×Nt diagonal matrix 
of eigenvalues of Rxx. The autocorrelation matrix Rxx of the received observation 
signals can be also analysis as 
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The whitening matrix is given by [13] 
  

HUV 21−Λ=                                                                                                              … (6) 
 
From equation (4) and (5) the estimated channel matrix Ĥ  can be expressed as  
 

HWUH 2/1ˆ Λ=                                                                                                        … (7) 
 
where W is the Nt×Nt full rank separation matrix which is assumed to be the inverse of 
mixing matrix  (wireless channel effects) H. The whitened received block of signals Yb  
is given by 
 
Yb  = Vb  xb                                                                                                          … (8) 
 
Form equation (3) and (8), it can be shown that, the whitened received block of signals 
Yb is given by 
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The second process of the proposed method is the determination of the separation 

matrix W, where W is unknown at the blind receiving side. The estimation of W, is 
performed by maximizing the statistical independence of the estimated signals by 
maximizing the statistical independence of these signals. The Kurtosis K[s] is one 
measure of nongaussianity of a random variable s and it chosen as proposed 
measurement due to its simple calculation form the received signals directly. The 
Kurtosis K[s] is defined for a complex data as the following [13] 

 
][][])[(2][][ **224 ssEssEsEsEsK −−=                                                         …  (10) 

 
Where (.)*corresponds to the complex conjugate and E[⋅] is the expectation operator. 
 

The idea of the proposed blind detection method is as the following: the ICA stage 
of the receiving system performed the whitening process on the observation signals to 
eliminate the signal's components that consist of noise only. Then the separation matrix 
W estimation is performed based on HOS of the whitening signals Yb by gradient the 
kurtosis based objective function.  The estimated W is used for decoding the estimated 
signals and estimation the channel matrix. Other steps are used for elimination the 
ambiguities of the estimated signals (as illustrated in the Appendix A later).  

The separation matrix W is estimated by optimization (maximizing or minimizing) 
the objective function J(W), which is based on kurtosis of the estimated signals bŝ . 
Since the kurtosis of most of the digital modulation (ASK, PSK and QAM) is negative, 
therefore, the proposed optimization approach is performed by minimizing the 
objective function J(W) which is depends on W under the unitary constraint 

tN
H IWW = . The estimation of W by minimizing the proposed objective function J(W) 

can be expressed as the following 
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The minimization of the objective function J(W) is performed by computation the 

gradient of the objective function. The gradient of the objective function Γw  is defined 
as  
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Where (w) is one row of the separation matrix W. Since the optimization of the 
objective function wΓ  is under the unitary constraint

tN
H IWW = , the gradient of the 

objective function must be complemented by projecting W on the unit sphere after 
every step, which performed by dividing W by its norm. To further simplify 
computation of the Γw, the latter term in brackets in equation (12) can be omitted since 
it does not chance the direction of the norm of (w). This is because only the direction 
of (w) interesting, and any change in the norm is insignificant because the norm is 
normalized to unity anyway, thus, Γw is obtaining as the following: 
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The original block of symbols can be recovered using space-time decoder after 

compensate the effects of channel. The space-time decoder computes an inverse matrix 
of the generating matrix to compensate the effect of the space-time coding. The final 
estimated signal is compute by 

 

b
T

bF sWDs ˆˆ =                                                                                          … (14) 
 

Where the (Ns×Nt f ) matrix D denotes the pseudo-inverse of the STC generating 
matrix G and bŝ  is the estimated symbols of the block b. 
 
THE PROPOSED MIMO-STC BLIND DETECTION METHOD BASED 
ON ICA 

The proposed method is described in the following steps for a fixed step size (μ) : 
1. Compute Rxx and perform the eigenvalue decomposition according to the equation                              
(4). 
2. Compute the whitened block of signals Yb according to the equation (9). 
3. Initialize the separation matrix W randomly. 
4. Calculate the estimated signals bŝ as the following: b

T
b YWs =ˆ  

5. Set the objective function )(WJJ old ← . 
6. Compute the gradient of the objective function Γw according to the equation (12). 
7. Updating W in the direction of the negative gradient, wWW Γ−← µ  
8. Normalizing W  based on unitary constraint,  WWW /←   
9. If the objective function is not converged   ε<− )(WJJ old

  (where ε  is a threshold 
value), then go back to step 5. 
10. Estimate the channel matrix Ĥ  according to the equation (7), and the original 
block of symbols according to the equation (14). 

The estimated signals Fŝ  and the channel matrix Ĥ   are estimated up to a 
permutation and phase rotation ambiguities, because of the ambiguity problems of the 
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ICA. The estimated signal Fŝ   is not the same as the original transmitted signal sb, 
there exists an ambiguities comparing with the original transmitted signals  sb. The 
error minimization between the estimated signals matrix and original signals matrix is 
proposed for elimination the ambiguities problems of the ICA. 

For the blind algorithms, there is no guarantee that the algorithm will find the 
global minimum. So, for avoiding converges to a local minimum the performances of 
the proposed method are evaluated using the multistart initialization. Where, the 
proposed method runs several times with new random starting points and selects the 
estimated separation matrix W which minimizes the objective function wΓ . 

 
SIMULATION RESULTS  

The performances of the proposed method are evaluated through a computer 
simulation using the M-file programming of MATLAB. The performances of the 
MIMO-STC system with proposed ICA blind receiver were quantified through  
1- The average Bit Error Rate (BER) that obtained after the signal detection process.  
2- The Normalized Mean Square Error (NMSE) that obtained after the channel matrix 
estimation. 

For each SNR, two thousand independent simulations were performed to 
approximate the BER and NMSE. The transmitted signals are a PSK modulation of 
(1000) symbols for each block of signals. The threshold value ε is (10−5) and the step 
size (μ) is (0.1). Considering the MIMO system, with (2) transmit antennae and 
(2),(4),(6) receive antennae. The MMSE detector with perfect CSI is used as 
benchmark.   

In the following, the performances of the proposed system are presented for the 
following type of STC schemes at transmission side: OSTBC, QOSTBC, STBC and 
SM.  

Considering the OSTBC as coding scheme at first, the performance of the proposed 
system comparing to MMSE detector with perfect CSI is shown in Figure (2). For a 
BER of (1×10-7), the proposed system with (Nr=2) receiving antennae had a SNR of 
nearly (9 dB) comparing to (8 dB) obtained by the MMSE detector with same number 
of antennae. For the systems with (4) reception antennae, SNR is improved to nearly 
(5.5 dB) for the proposed system comparing with (4 dB) for the MMSE detector. For 
the systems with (6) reception antennae, the SNR is improved to (1.5 dB) for the 
proposed system and (1 dB) for the MMSE detector for the same value of BER. It can 
be seen that the proposed ICA system with Nr of (6) had gain of (7.5 dB) SNR and 
about (4 dB) gain achieved over the same system with Nr of (2) and (4) receiving 
antennae for BER of (10-7).  

For the QOSTBC coding scheme, the performances comparison of the systems is 
shown in Figure (3). For (1×10-7) BER and systems with (2) receiving antennae, the 
MMSE detector had a SNR of (8.8 dB), while the proposed system had a SNR of (9.2 
dB). For the systems with (4) reception antennae, the SNR is improved to (5.5 dB) for 
the proposed system and (5 dB) for the MMSE detector. For the same systems with (6) 
reception antennae, the SNR is improved to (2.8 dB) for the proposed system and (2 
dB) for the MMSE detector. The proposed ICA system with (6) receiving antennae had 
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a gain of (6.5 dB) and nearly (3.7 dB) SNR over the same system with (2) and (4) 
receiving antennae respectively for (10-7) BER. 

Figure (4) illustrates the performances comparison of the proposed system and the 
MMSE detector adopting the STBC scheme. For the systems with (4) receiving 
antennae and (1×10-7) BER, SNR for the proposed system is observed to be (8 dB) and 
MMSE detector gives nearly (7 dB). At (1×10-7) BER and (6) receiving antennae, the 
proposed system is give SNR of (5 dB) while the MMSE detector give SNR of (4.2 
dB). The ICA system with Nr of (6) had gain of (3 dB) over the system with Nr of (4) 
receive antennae at BER of (10-7). 

For the SM coding scheme, the performances comparison of the two systems is 
shown in Figure (5). For the systems with (2) receiving antennae and (1×10-6) BER, 
the SNR for the proposed system is observed to be (11 dB) and MMSE detector gives 
nearly (10 dB). While for the systems with (4) receiving antennae and (1×10-7) BER, 
SNR for the proposed system is observed to be (9.5 dB) and MMSE detector gives 
nearly (9 dB). At (1×10-7) BER and the systems with (6) receiving antennae, the 
proposed system is give SNR of (7 dB) while the MMSE detector give SNR of (6 dB). 
The systems with (2) receiving antennae are performed poorly. It can be observed that 
at BER of (10-7), the proposed system with (6) receive antennae had a gain about (2.5 
dB) relative to the ICA systems with Nr of (4). 

It should be noted form the previous figures that the ICA blind system achieves 
near-optimal performance especially at high SNRs since their BERs are vary close to 
the ones of the MMSE detector. The best performance is obtained for the maximum 
number of receiving antennae (Nr=6) for all type of STC schemes, which is expected 
due to improve the reliability of signals transmission. The simulations results showed 
that significant SNR gain could be achieved by increasing the number of receiving 
antennae.  

The systems with OSTB coded schemes had the best performances comparing with 
other coded schemes for all number of receiving antennae. This is due mainly to the 
orthogonality property of the encoding generating matrix, where the transmitted blocks 
of signal from each antenna are orthogonal to each other. The systems with SM coded 
scheme had the worst performances due to the inter channel interference between the 
transmitted signals.  The QOSTBC system's performances are lower bounded by the 
one of the OSTBC system due to the partial orthogonallity exhibited by the transmitted 
signals of this system.  
       Figure (6) display the performances comparison of the MMSE detector and the 
proposed system (as SNR verses NMSE) adopting the OSTBC, QOSTBC, STBC and 
SM coded schemes. Considering the MIMO system, using (2) antennae at transmission 
and reception. For NMSE of (1×10-6), the proposed ICA system with OSTBC scheme 
had a SNR of (9 dB) comparing with (11 dB) related to the QOSTBC scheme and (14 
dB) related to the STBC. For the SM coded scheme proposed system achieved (15 dB) 
SNR for the same value of NMSE. It can be seen from Figure (6) that the proposed 
blind ICA system with OSTBC scheme outperforms other systems adopting other 
coding schemes. At NMSE of (10-6) the proposed system with OSTBC scheme 
achieved gain of (2 dB) over the ICA system with QOSTBC, and achieving gain of (5 
dB) over the system with STBC scheme at NMSE of (10-6). There are slight 
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differences between the results of the ICA system and the results of the MMSE 
detector for each type of STC schemes due to the capability of the proposed ICA 
system to reduce the effects of noisy fading channel. 

It can be seen from all the previous results, that the proposed system had good 
performances results comparing with conventional MMSE detector with perfect CSI, 
showing the ability to the resolve ambiguities effectively, and the ability of the ICA to 
reduce the channel effects. With increasing the number of receiving antennae, the 
performances of the ICA systems improve due to receiving multiple copies of transmit 
signals.  
 
CONCLUSIONS  

This paper proposed a blind detection method for MIMO-STC wireless systems 
based on ICA. The proposed method performed the signals detection and channel 
estimation processes blindly. The proposed method is based on statistical 
independence assumption of the transmitted signals only and has good performances 
close to the results of the conventional MMSE detector with perfect CSI showing the 
ability to reduce the channel effects. Simulation results demonstrates that, the proposed 
system with (6) receiving antennae acts better than the systems with fewer number of 
receiving antennae for all type of STC schemes.  
 
REFERENCES 
[1]. Goldsmith A., Wireless Communications, London, U.K., Cambridge University 

Press, 2005. 
[2]. Paulraj A., Nabar R., Gore D., Introduction to Space-Time Wireless, New York, 

Cambridge University Press, 2003.  
[3]. Tarokh V., Jafarkhani H., and Calderbank A. R., "Space-time Codes High Data 

Rate Wireless Communication: Performance Crirterion and Construction", IEEE 
Trans. on Information Theory, Vol. 44, No. 2, pp. 744–765, March 1998.  

[4]. Tarokh V., Jafarkhani H., Calderbank A.,"Space Time Block Codes From 
Orthogonal Designs", IEEE Trans. Inf. Theory, Vol. 45, No. 5, pp. 744-765, 1999. 

[5]. Ganesan G. and Stoica P.,"Space-Time Block Codes: A Maximum SNR 
Approach", IEEE Trans. Inf. Theory, Vol. 47, No. 4, pp. 1650-1656, 2001. 

[6]. Jafarkhani H., "A Quasi-Orthogonal Space-Time Block Code", IEEE Trans. 
Commun., Vol. 49, No. 1, pp. 1-4, 2001. 

[7]. Boarui A. and Ionescu D., "A Class of Nonorthogonal Rate-One Space-Time 
Block Codes with Controlled Interference", IEEE Trans. Wireless Commun., Vol. 2, 
No. 2, pp. 270-276, 2003. 

[8]. H. Jafarkhani, Space-Time Coding: Theory and Practice. Cambridge University 
Press, 2005.  

[9]. Vicente Z., and Nandi A. K, "Blind MIMO Equalization with Optimum Delay 
using Independent Component Analysis", Int. Journal of Adaptive Control and Signal 
Process, No.18, pp. 245–263, 2004. 

 [10]. Gershman A.B., Sidiropoulos N.D., Space-Time Processing for MIMO 
Communications, John Wiley & Sons, 2005. 

850 
 



Eng. & Tech. Journal , Vol.32,Part (A), No.4, 2014        Blind Detection Method of MIMO – Space Time     
                                                                                       Coded Wireless Systems Based on ICA 

                   
 
[11]. James V. Stone, Independent Component Analysis: A Tutorial Introduction, A 

Bradford Book, 2004. 
[12].  Attuxand R., Cavalcante C., Unsupervised Signal Processing, CRC Press,  2009. 
[13]. Hyvarinen A., Karunen J., and Oja E., Independent Component Analysis, John 

Wiley and Sons, 2001. 
[14]. Liu J., Iserte A., and Lagunas M., "Blind separation of OSTBC signals using ICA 

neural networks", Proc. IEEE IEEE Int. Symp. Signal Process. Inf. Technol., pp. 502-
505, Darmstadt, Germany, Dec. 2003. 

 [15]. Xu H., Liu J., Perez-Neira A., and Lagunas M., "Independent Component 
Analysis Applied to Multiple Antenna Space-Time Systems", Proc. IEEE 16th 
International Symp. Personal, Indoor Mobile Radio Commun., Berlin, Germany, 
2005. 

 [16]. Iglesias H., Garcia-Naya J., and Dapena A., "A Blind Channel Estimation 
Strategy for the 2x1 Alamouti System based on Diagonalising 4th Order Cumulant 
Matrices", Proc. Int. Conf. Acoustic Speech Signal Process., Las Vegas, USA, Mar. 
2008. 

[17]. Mansour A., Youssef J., and Yao K., "Underdetermined BSS of MISO-OSTBC 
Signals", ICA Lecture Notes Computer Science, Vol. 5441, Paraty, Brazil, Mar. 
2009. 

[18]. Choqueuse V., Mansour A., eta., "Blind Channel Estimation for STBC Systems 
Using Higher-Order Statistics", IEEE Trans. On Wireless Comm., Vol. 10, No. 2, 
February, 2011. 

[19]. Larsson E. G., Stoica P., Space-Time Block Coding for Wireless 
Communications, Cambridge, The Press Syndicate of the University of Cambridge, 
2003. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (1) The Proposed Wireless MIMO-STC System Model with ICA based 
Blind Receiving System Structure. 
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Figure (2) OSTBC: SNR verses BER Performance Comparison  

for (Nt=2, Nr=2,4,6). 
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Figure (3) QOSTBC: SNR verses BER Performance Comparison 

for (Nt=2, Nr=2,4,6). 
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Figure (4) STBC: SNR verses BER Performance Comparison 

for (Nt=2, Nr=2,4,6). 
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Figure (5) SM: SNR verses BER Performance Comparison 

for (Nt=2, Nr=2,4,6). 
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Figure (6) SNR verses NMSE Performance Comparison for (Nt=2, Nr=2). 
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