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Abstract 
In this paper we have analyzed the performance of algebraic space time code in wireless MIMO (multiple input multiple output) 

system, OFDM is a unique kind of multicarrier transmission technique that divides the communication channel into several 
equally spaced frequency bands. This ASTC code is also called as golden code it has full rate and non vanishing constant 

minimum determinant for increasing spectral efficiency, this ASTC also has uniform transmitted energy per antenna, first we 

analyze the performance of golden code in correlated Rayleigh channel and we analyze the symbol error rate (SER), the 

simulated result shows that golden code has high SNR(signal to noise ration) and low BER(bit error rate) compare to alamouti 

scheme. 
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1. INTRODUCTION 

Orthogonal frequency division multiplexing (OFDM) is a 

unique kind of multicarrier transmission technique that 

divides the communication channel into several equally 

spaced frequency bands. The bit streams are divided into 

many sub streams and send the Information over different 

sub channels, each sub carrier is orthogonal with other sub 

carrier and it is carried out by a modulation scheme. OFDM 

is formed with two equalizers those are Minimum mean 

square error (MMSE) and zero forcing equalizer 

(ZFE),OFDM has several advantages like inter channel 

interference reduction, high security and better performance 
in multipath fading, equalizers are used to remove the inter 

symbol  interference(ISI) generated from the transmitted 

data [1][2]. 

 

Multiple input multiple output (MIMO) is a multiple 

antenna system, In the MIMO technology  multiple signals 

are  transmitted into the wireless medium and multiple 

signals are received from the wireless medium to improve 

the wireless channel performance. The MIMO Transmission 

is extremely spectrum efficient technology that uses several 

antennas at both ends of the communication link. It has 

higher data rate greater range by increased number of users 
reliability can be enhanced by multiplying spectral 

efficiency.  The MIMO takes advantage of multiple 

propagation to increase throughput range and reliability this 

is accomplished by sending and receiving more than one 

data signal in the same radio channel at the same time. the 

measure problem with the OFDM is PAPR(peak average 

power ratio) this problem will be solved by the ASTC 

encoder, To increase the spectral efficiency of the system 

we need to reduce the PAPR, it leads to better improvement 

in BER[3][6], 

 
By providing a temporal and a spatial multiplexing 

modulation, the space time codes are used to improve 

MIMO performances. The alamouti code[4] and the golden 

code[5] represents the most known codes and widely used 

codes, the golden codes has been proposed in 2004 for 2*2 

MIMO system it has full rate, full diversity space time code 

that has a maximal coding gain. Thanks to its algebraic 

construction 

 

This paper shows that ASTC code outperforms the alamouti 

codes in Rayleigh channels. The ASTC codes lose their 

properties due to inter symbol interference (ISI), orthogonal 

frequency division multiplexing (OFDM) modulation can 
overcome this problem. 

 

In this work, we propose a coded ASTC system in Rayleigh 

channel. And then we analyze the ASTC-MIMO-OFDM 

system in Rayleigh selective channel. We use a data aided 

channel estimation method based on the pilot symbol 

insertion in the detector to reduce the channel transfer 

function. Finally we analyze the system performances under 

spatially correlated channel. 

 

2. PROPOSED SYSTEM MODEL 

The block diagram of proposed system model is shown in 

fig,1 we are considering the system model with two transmit 
antenna and two receive antenna, the generated binary 

sequence is given to the quadrature amplitude modulation 

after the modulation the possible output values of 4-QAM  

is 1+j,1-j,-1+j and -1-j.  modulated signal is given to the 

golden encoder the encoded value is in matrix form shown 

in 1,the modulator is consist of IDWT block, after the 

channel MMSE estimator is used to check the error 

probability. 
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Fig 1: Block diagram of proposed system 

 

These four information sequence are encoded by ASTC 

encoder 

 

𝐶 =  
1

√5
   

𝛼(𝑎 + 𝜃𝑏) 𝛼(𝑐 + 𝜃𝑑)

𝛼 (𝑐 + 𝜃 𝑑) 𝛼 (𝑎 + 𝜃 𝑏)
 …..1 

 

Where θ = 
1+√5

2
 =1.618(golden value), 

 

𝜃 =  
1−√5

2
, α = 1+i-θ and 𝛼 = 1 + 𝑖 − 𝑖𝛼 , 

 

a,b,c and d are modulated symbols. 
 

The general transmission model of MIMO system is 

 

Y=HX+W 

 

Where X is transmitted symbol H is channel matrix W is 

Gaussian noise and Y is output signal. 

 

To have full rate square codes using QAM constellation, we 

consider square 2*2 linear dispersion. we can express the 

code word X as the result of multiplication of each four 

consecutive symbols of information sequence S by the 

matrix 𝜑𝑡  . 

 

𝜑𝑡 =  

𝛼   𝛼𝜃    0    0
0    0    𝑖𝛼    𝑖𝛼𝜃     

0     0    𝛼   𝛼𝜃 
𝛼     𝛼𝜃       0    0

  

 

At time (t,t+1),we can express the vector 𝑋𝑡as shown below 

where first two lines are transmitted over antenna 1, and the 

next two lines are transmitted over antenna 2. 

 

𝑋𝑡= 

 
 
 
 
 
 
 𝛼 𝑎 + 𝜃𝑏  

(𝑡,1)

(𝛼 (𝑐 + 𝜃 𝑑)) 𝑡+1,1 

 𝛼 𝑐 + 𝜃𝑏  
 𝑡,2 

(𝛼 (𝑎 + 𝜃 𝑏)) 𝑡+1,2  
 
 
 
 
 

 

2.2 Channel Model 

In this proposed system we are using frequency selective 

Rayleigh channel and the channel taps remain constant 

during data transmission. The channel impulse response 

between  𝑞𝑡ℎ  transmitting antenna and 𝑝𝑡ℎ  receiving antenna 
is given by[7] 

 

ℎ𝑘
𝑝 ,𝑞

=    ℎ𝑘
𝑝 ,𝑞

(𝑙)𝛿(𝑘 − 𝑙)         

𝐿−1

𝑙=0

 

 

Where ℎ𝑘
𝑝 ,𝑞

(𝑙) is the 1𝑡ℎpath from the 𝑞𝑡ℎ  transmitting 

antenna to 𝑝𝑡ℎ  receiving antenna at time K and L is the 
largest order among all impulse responses. The channel taps 

sequence {ℎ𝑘
𝑝 ,𝑞

(𝑙)} is a correlated complex Gaussian 

process with zero mean and the same variance 𝜍ℎ
2 and the 

autocorrelation function is given by 

 

E {ℎ𝑘
𝑝 ,𝑞 𝑙 [ℎ

𝑘−𝑘 ′
𝑚 ,𝑛 (𝑙′)]} = 𝜌𝑅𝑥

 𝑚 ,𝑝 
𝜌𝑇𝑥

 𝑛 ,𝑞 
𝐽0 2𝜋𝑓𝑚𝑘 ′ 𝛿(𝑙 − 𝑙′) 

 

Where 𝑓𝑚  is normalized Doppler shift,  𝐽0  is the Bessel 

function with zero order, 𝜌𝑅𝑥
  𝑚 ,𝑝 

,𝜌𝑇𝑥
 𝑛 ,𝑞 

 refers respectively to 

the correlation coefficient between the received antenna 

(m,p) and the transmitted antenna (n,q) to obtain a correlated 

Rayleigh fading channel, the autocorrelation function of 

 ℎ𝑘
𝑝 ,𝑞 𝑙   process is given by 

 

𝑅ℎ =  𝜍ℎ
2 exp 𝑗2𝜋𝑓𝑘𝑐 𝑗0(2𝜋𝑓𝑚𝑘) 

 

2.2 Sphere Decoding Algorithm 

The principle of sphere decoding algorithm is to search the 

closest constellation point to the received signal with in a 

sphere of some initial radius. If a point is found and if the 

distance between the centre and the point is less than the 

radius. The radius is updated to that distance and the process 

is continued till only one point is left in the sphere. That will 

be the closest constellation point to the received point. If a 

point is not found initially, then the sphere radius is 

incremented and the same process is followed. 
 

3. RESULT AND DISCUSSION 

The fig.2 shows the symbol error rate(SER) performance of 

golden code for two transmit and two receive antenna using 

sphere decoder. And it has been obtained that the SER will 

remain constant and lies between 10−6  & 10−7for different 
signal to noise ratio(SNR), i.e. varies from 0 to 25db.there 

result may leads to deals with real channel conditions 

mainly if we use Rayleigh channel with unknown channel 

coefficient. 
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Fig 2: simulated result of golden code 

 

4. CONCLUSION 

We proposed a MIMO transmission system, based on 

Algebraic space time coding which has good properties. 

Simulated result show that the golden code has reasonable 

BER that outperforms the classical alamouti code over 

correlated Rayleigh fading channel. in realistic multipath 

channel, frequency selectivity can be solved by the use of 

OFDM  modulation. numerical results show that ASTC 

codes maintain their properties and achieve good BER 

performances compare to the classical alamouti MIMO-

OFDM system. 
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