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Abstract
Multiple-Input–Multiple-Output (MIMO) wireless systems 
use multiple antenna elements at transmit and receive to offer 
improved capacity and data rate over single antenna topologies 
in multipath channels. In such systems, the antenna properties as 
well as the multipath channel characteristics play a key role in 
determining communication performance. This paper discusses 
different V-BLAST detection schemes employed in MIMO 
systems. Issues considered include Bit Error Rate (BER), channel 
capacity with and without water-filling algorithm and number of 
Floating Point Operations (FLOPS) required for detection. Among 
the different detection schemes an improved square-root algorithm 
for V-BLAST based on efficient inverse cholesky factorization 
outperforms other detection algorithms in terms of the number 
of Floating Point Operations (FLOPS) required for detection of 
the transmitted symbols. The algorithm is faster than the existing 
efficient V-BLAST detection algorithms.

Keywords
Multiple-Input–Multiple-Output (MIMO) Systems, Capacity, 
V-BLAST, Bit Error Rate (BER), Floating Point Operations 
(FLOPS).

I. Introduction
Digital communication using multiple-input–multiple output 
(MIMO) has recently emerged as one of the most significant 
technical breakthroughs in modern communications .The 
technology figures prominently on the list of recent technical 
advances with a chance of resolving the bottleneck of traffic 
capacity in future Internet-intensive wireless networks. MIMO 
systems can be defined as an arbitrary wireless communication 
system where we consider a link for which the transmitting ends 
as well as the receiving end is equipped with multiple antenna 
elements. Such a setup is illustrated in Figure.1a The transmitter 
and receiver are equipped with multiple antenna elements. Coding, 
modulation, and mapping of the signals onto the antennas may 
be realized jointly or separately. The idea behind MIMO is that 
the signals on transmit (TX) antennas at one end and the receive 
(RX) antennas at the other end are “combined” in such a way 
that the quality (bit-error rate or BER) or the data rate (bits/sec) 
of the communication for each MIMO user will be improved. 
Such an advantage can be used to increase both the network’s 
quality of service and the operator’s revenues significantly. MIMO 
effectively takes advantage of random fading and when available, 
multipath delay spread for multiplying data transfer rates thereby 
improving the wireless communication performance at no cost of 
extra spectrum (only hardware and complexity are added). For a 
MIMO system with M transmitters and N receivers, it has been 
shown that, as n = min(M,N) grows toward infinity, for a given 
fixed average transmitter power and if the channel fading between 
pairs of transmit–receive antenna elements are independent and 
identically Rayleigh, the average channel capacity divided by 
n approaches a nonzero constant determined by the average 
Signal-to-Noise Ratio (SNR) [1,4]. This large capacity growth 
occurs even if the transmitter has no knowledge of the channel. 

The aforementioned assumption of independent and identically 
distributed fading has been made in 

       (a)

       (b)
Fig. 1(a): Representation of a MIMO Wireless Transmission 
System, (b). V-BLAST High Level System Diagram

many previous works that explore the capacity of MIMO [16-17]. 
However, in real propagation environments, the channel fading 
are not independent. It has been observed [3] that when the fades 
are correlated, the channel capacity can be significantly smaller. 
Bell Lab Layered Space Time (BLAST) [1-2] is a new MIMO 
transmission scheme developed by Bell-Lab, is a practical and 
efficient way to achieve the high spectral efficiency for MIMO 
communication systems. The diagonal BLAST or D-BLAST 
proposed by Foschini [2] utilizes multiple antennas at both 
transmitter and receiver and is an elegant diagonally-layered 
coding structure in which code blocks are dispersed across 
diagonals in space-time. In an independent Rayleigh scattering 
environment, this processing structure leads to theoretical rates, 
which increases linearly with the number of antennas (assuming 
equal numbers of transmit and receive antennas).In DBLAST, 
redundancy between the sub stream’s is introduced through the 
use of specialized inter sub-stream block coding. The D-BLAST 
code blocks are organized along diagonals in space-time. It is 
this coding that leads to D-BLAST’s higher spectral efficiencies 
for a given number of transmitters and receivers. However, 
the D-BLAST suffers from low efficiency for short package 
transmission and it requires advanced encoding techniques and 
means to avoid catastrophic error propagation. In addressing 
these problems of D-BLAST, a simplified version of BLAST 
known as vertical BLAST or V-BLAST has been proposed and 
implemented in real time in laboratory [5-6]. In V-BLAST, 
however, the vector encoding process is simply a de-multiplex 
operation followed by independent bit-to-symbol mapping of each 
sub-stream. No inter-sub-stream coding, or coding of any kind is 
required, though conventional coding of the individual sub streams 
may   be applied. Receivers 1 to N are, individually, conventional 
QAM receivers. These receivers also operate co-channel, each 
receiving the signals radiated from all M transmit antennas. The 
signal processing employed at the receiver for detection of the 
transmitted symbol’s are Zero-Forcing algorithm with optimal 
ordered successive interference cancellation or Minimum mean 
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square error filter with optimal ordered successive interference 
cancellation. Zero-Forcing (ZF) detection and MMSE detection 
is a simple and effective technique for retrieving multiple 
transmitted data streams at the receiver. However the detection 
requires knowledge of the Channel State Information (CSI) and in 
practice accurate CSI may not be available. The effect of channel 
estimation error on the performance of MIMO ZF receivers or 
MMSE receivers in uncorrelated Rayleigh flat fading channels are 
illustrated by modeling the estimation error as independent complex 
Gaussian random variables, tight approximations for both the post-
processing SNR distribution and bit error rate (BER) for MIMO ZF 
receivers with M-QAM and M-PSK modulated signals are derived 
in closed form [7].The Basic detection scheme employing Zero-
Forcing algorithm with optimal ordered successive interference 
cancellation or Minimum mean square error with Optimal ordered 
successive interference cancellation computes the nulling and 
cancellation step using squaring and inverting operations which 
increases the dynamic range of the quantities involved as well as 
the computational cost (Number of Floating point operations).
In addressing these problems An Efficient square-root algorithm 
for nulling and cancellation has been proposed [8] to reduce the 
computational cost. The main features of the algorithm include 
efficiency and numerical stability. The algorithm uses unitary 
transformations to avoid computation of any matrix inversion 
or squaring operation. To further reduce the computational 
cost An Improved square root algorithm has been proposed [9] 
which offers speed up’s of 36% in terms of number addition and 
multiplication compared to efficient square root algorithm are 
observed. An Improved Square-Root Algorithm for V-BLAST 
Based on Efficient Inverse Cholesky Factorization proposed in 
[10] computes a triangular square root of the estimation error of 
the covariance matrix using Inverse Cholesky Factorization and 
is then applied to An Improved square root algorithm which can 
offer further computational savings. The algorithm is faster than 
the existing efficient V-BLAST detection algorithms. 
This paper discusses different V-BLAST detection schemes 
employed in MIMO systems and is organized as follows Section 
II, describes the V-BLAST system model Section III, introduces 
different V-BLAST detection schemes which include Basic 
Detection Algorithm, An Efficient Square–Root Algorithm, An 
Improved Square Root Algorithm and An Improved Square root 
Algorithm based on Efficient Inverse Cholesky Factorization along 
with their simulation results. Section IV, describes the Channel 
Capacity that can be achieved by MIMO systems. Finally we 
make conclusion in Section V.
In the following sections, (∙)T , (∙)* and (∙)H denote matrix 
transposition, matrix conjugate, and matrix conjugate transposition, 
respectively. 0M is the M × 1 zero column vector, while IM is the 
identity matrix of size M.

II. System Overview
The V-BLAST system consists of M transmitting and N receiving 
antennas in a rich-scattering environment illustrated in Figure. 1b 
where a single data stream is de-multiplexed into M sub streams 
and each sub stream is then encoded into symbols and fed to its 
respective transmitter. The Transmitters 1 to M operate co-channel 
at symbol rate 1/ T symbols/sec, with synchronized symbol 
timing. Each transmitter is itself an ordinary QAM transmitter. 
The collection of transmitters comprises, in effect, a vector-valued 
transmitter, where components of each transmitted M-vector are 
symbols drawn from a QAM constellation. The power launched 
by each transmitter is proportional to 1/ M so that the total radiated 

power is constant and independent of M.
Let the Signal vector transmitted from M antennas is a= [ a1,a2,…..
aM]T with the co-variance E(aaH)=  .Then the received vector (r) 
is given by
r = H.a + w,     (1)
Where, w is the N×1 zero-mean circular symmetric complex 
Gaussian (ZMCSCG) noise vector with the zero mean and the 
covariance  IN and H= [ h1,h2 …..hM]=[ h1 h2……hM ] H  is the 
N×M complex matrix.hm and hm are the m-th column and the 
n-th row of H, respectively.
The Linear zero-forcing (ZF) estimate of a is
â=  H+ r = (HHH)-1HH  r.    (2)
Define  α=/The Linear minimum mean square error 
(MMSE) estimate of a is
â = (HHH+ αIM )-1 HH r.    (3)
Let R=(HHH+ αIM). Then the estimation error covariance matrix 
[4] P is given by 
P=R-1= (HHH+ αIM )-1    (4)
The Ordered successive Interference Cancellation (OSIC) 
detection detects M entries of the transmit vector ‘a’ iteratively 
with the optimal ordering.  In each iteration, the entry with the 
highest SNR among all the undetected entries is detected by a 
linear filter, and then its interference is cancelled from the received 
signal vector [2].
Suppose that the entries of ‘a’ are permuted such that the detected 
entry is aM ,the M-th entry. Then the Interference is cancelled 
by 
rM-1 = rM – hMaM     (5)
where, aM is treated as the correctly detected entry and the initial 
rM = r. Then the reduced order problem is
rM-1 =  hM-1 aM-1+ w    (6) 
where the deflated channel matrix HM-1= [ h1,h2 …..hM-1] and the 
reduced transmit vector aM-1 = [ a1,a2,.. aM-1 ]

 T. 
The Linear estimate of aM-1 can be deduced from (6).The detection 
will proceed iteratively until all entries are detected.

III. V-blast Detection Schemes

A. Basic Detection Algorithm   
The V-BLAST detection algorithm [5] can be described compactly 
as a recursive procedure, which includes the determination of the 
optimal ordering, as follows:
Initialization:
P1) Let i=M. compute the linear transform matrix (G) for nulling. 
The most common criteria for nulling are zero-forcing (7) and 
minimum mean square error (8) for which the corresponding linear 
transform matrix are
G = H+ = (HHH)-1HH    (7)
G = (HHH+ αIM )-1 HH    (8)
Where + denotes the Moore-Penrose pseudo-inverse and H denotes 
the Hermitian matrix
P2)  Determine the optimal ordering for detection of the    transmitted 
symbol by 
k=argmin || (G) j ||

2    (9)
Iterative Detection: 
P3)    Obtain the k-th nulling vector Wk by
                       Wk= (G) k    (10)
Where, (G) k is the k-th row of G
P4)   Using nulling vector Wk form decision statistic yk:                                                                 
         yk=Wk ri     (11)
 Where, r is the received symbols which is a column vector
P5)   Slice yk to obtain k
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âk =Q (yk)     (12)
 Where Q (.) denotes the quantization (slicing) operation appropriate 
to the constellation in use.
P6) Interference Cancellation or The Reduced order problem: 
Assuming that âk = , cancel ak from the received vector r resulting 
in modified received vector r1: 
ri+1= ri - âk (H)k     (13)
Where, (H)k denotes the k-th column of H
P7)   Deflate H denoted by   

      (14)
P8) Form the linear transform matrix (G) utilizing the deflated H 
depending upon the criteria for nulling chosen, zero-forcing (7) 
and minimum mean square error (8).
P9) Determine the optimal ordering for detection of the transmitted 
symbol by
k=argmin || (G)j ||

2    (15)
P10) If i > 1, let i=i-1 and go back to step P3

1. Simulation Results
The simulation is performed using the following parameters:

Table 1: Simulation Parameters
Antenna Configuration 8x8
Input Image Size 256x384
SNR 0 to 25
Compression Applied None
Frame Size Assumed 4

Channel 
Characteristics 

Rayleigh Flat Fading varying 
randomly with every frame

Modulation and 
Demodulation applied 16 QAM

From fig. 2(a), BER comparison between Zero-Forcing (ZF) and 
Minimum Mean Square Error (MMSE) we observe the Bit Error 
Rate obtained for MMSE is lower than that of ZF this is due to 
the regularization (αIM) introduced in MMSE which introduces 
a bias that leads to a much more reliable result than ZF when the 
matrix is ill-conditioned and the estimation of the channel is noisy. 
The gaps observed in the graph indicate that the transmitted image 
was received without any errors.
From fig. 2(b), we observe the difference in the quality of the 
image observed at the receiver compared to the original image 
that was transmitted. The Quality of the Image Reconstructed 
at the output of the Basic detection scheme employing MMSE 
has higher PSNR above SNR=8 than the Image Reconstructed 
employing ZF Algorithm. The gaps observed in the graph at SNR 
= 22, 24 indicate PSNR of Infinity.
From fig. 2(c), we observe the Number of Floating Point 
Operations(FLOPS) required for MMSE and ZF are equal for 
Number of Transmit and Receiving Antennas = 1 to 10 ,above 
which Number of Floating Point operations required for MMSE 
increases  when compared to ZF (one complex multiplication and 
addition requires six and two flops respectively). 
Fig. 2:(d), is the original transmitted Image, fig. 2(e),(f),(g),(h) 
are the Reconstructed Image at the receiver for SNR= 0 and 15 
for MMSE and ZF algorithm. The Quality of the image is directly 
related to the BER observed, since the BER of MMSE outperforms 
ZF the quality of image obtained using MMSE is high when 
compared to ZF. 

   (a)

   (b)

           (c)

                                    (d)
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            (e)

 
           (f)                                          

    
            (g)

             (h)
Fig. 2(a): BER Comparison Between Zero-Forcing (ZF) and 
Minimum Mean Square Error (MMSE), (b). PSNR Comparison 
Between the Reconstructed Output and the Original Image 
Transmitted for Zero-Forcing (ZF) and Minimum Mean Square 
Error (MMSE), (c). TOTAL FLOPS Required for ZF and MMSE, 
(d). Original Transmitted Image, (e). Reconstructed Output Image 
of ZF Algorithm at SNR=0, (f). Reconstructed Output Image of 
ZF Algorithm at SNR=15, (g). Reconstructed Output Image of 
MMSE Algorithm at SNR=0, (h). Reconstructed Output Image 
of MMSE Algorithm at SNR=15. 

(B). An Efficient Square-Root Algorithm For BLAST
The main computational bottleneck in the Basic BLAST detection 
algorithm is the “nulling and cancelation” step, where the optimal 
ordering for the sequential estimation and detection of the received 
signal is determined. An Efficient Square–Root Algorithm [8] 
for BLAST reduces the computational cost for the nulling and 
cancellation step. The algorithm is numerically stable since it is 
division free and uses only Orthogonal transformations such as 
Householders transformation or sequence of Givens Rotation 
[18][19]. The numerical stability of the algorithm also makes it 
attractive for implementation in fixed-point rather than floating-
point, architectures. 

1. Algorithm
Initialization:
P1)  Let m=M. Compute square root of P, i.e.,P1/2 and Qα   
        Form the so called (M+N+1) × (M+1) pre array                

                        
and propagate the pre-array N times: 

                                                    
Where ei is an N×1 vector of all zeros except for the i-th entry 
which is unity, P1/2 is the square root of an M×M linear transform 
matrix P for  MMSE is given by                                 
               P = (HHH+ IM )-1 HH   (17)
Bi is an N×M sub-matrix of Ώi and BN = Qα, “×”denotes not 
relevant entries at this time, and Δi  is any unitary transformation 
that block lower triangularize the pre-array Ώi 
Iterative Detection:
P2)  Find the minimum length row of P1/2 and permute it to be 
the last M-th row.
P3)  Find a unitary transformation Σ such that P1/2 Σ is block 
Upper triangular 

   (18)
Where    denote the last (M-1) ×1 sub-column 
and the (M,M)-th scalar entry, respectively.
P4)   Update Qα to QαΣ 
P5)   Form the linear MMSE estimate of am,

               (19)
Where qα,M is the M-th column of Qα.
P5)  Obtain am from   via slicing.
P6)  Cancel the interference of am in r (m) to obtain the reduced- 
order problem by 
                  (20) 
P7)   If m >1, let m = m − 1 and go back to step P2. With the 
corresponding r (m-1), Hm-1, P(M-1)/2 and  instead of P1/2 and 
Qα.
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          (a)

         (b)

            (c)

          (d)

         (e)

          (f)

          (g)

          (h)
 
Fig. 3(a): BER of Minimum Mean Square Error (MMSE), (b) PSNR 
of the Reconstructed Output and the Original Image Transmitted by 
Minimum Mean Square Error (MMSE), (c). FLOPS Required for 
Square Root Algorithm (MMSE), (d). Original Transmitted Image, 
(e). Reconstructed Output Image at SNR=0, (f). Reconstructed 
Output Image at SNR=5, (g). Reconstructed Output Image at 
SNR=10, (h). Reconstructed Output Image at SNR=15
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2. Simulation Results
The simulation is performed using the parameters from Table 
1. Fig. 3(a), shows the BER obtained for An Efficient Square-
Root Algorithm for BLAST employing MMSE since MMSE 
outperforms ZF only MMSE is considered during simulation. 
The gaps observed in the graph indicate that the transmitted image 
was received without any errors.
Fig. 3(b), shows the PSNR of the image received when compared 
to the transmitted image. The gaps observed in the graph at SNR 
= 23, 24 indicate PSNR of Infinity.
Fig. 3(c), compares the Number of FLOPS required for the Basic 
Detection scheme employing MMSE and ZF and An Efficient 
Square-Root Algorithm for BLAST employing MMSE (one 
complex multiplication and addition requires six and two flops 
respectively). The efficient square root algorithm outperforms the 
Basic detection scheme in terms of Number FLOPS required for 
detecting the received symbols. 
Fig. 3(d), is the original transmitted Image, fig. 3(e),(f),(g),(h) 
are the Reconstructed Image at the receiver for SNR= 0,5,10,15 
for An Efficient Square-Root Algorithm for BLAST employing 
MMSE algorithm. The Quality of the image improves at higher 
SNR which is directly related to the BER observed.

C. An Improved Square - Root Algorithm for BLAST
An improved square-root algorithm for Bell Labs Layered Space-
Time (BLAST) [9] system speeds up the original square-root 
algorithm in terms of the number of multiplications and additions 
utilizing intermediate results that were discarded without any usage. 
Since it uses unitary transformations to avoid the computation of 
any matrix inversion or “squaring” operation, it maintains the 
advantages of the square-root based algorithms that are numerically 
stable, robust, and hardware friendly. The previous algorithm An 
Efficient Square-Root Algorithm for BLAST algorithm computes 
the whole nulling matrices  for each deflated sub-channel matrix, 
while only one column of each is used (i.e., the optimum nulling 
vector); the intermediate results  computed in the algorithm 
are discarded without any usage. Thus An Improved Square Root 
Algorithm for BLAST find’s the optimum nulling vectors with 
the help of , avoiding the computation of . At the same time, the 
robustness of the improved square-root algorithm is maintained 
without any inverse or squaring operation.

1. Algorithm
  Initialization:
P1)  Let m = M. To Compute an initial F = F

(21)
                    Iteratively for i = 1, 2, . . . , N. 
Where “×” denotes irrelevant entries at this time and Θi is any 
unitary transformations that block lower triangularize the pre-
array Πi.
 Finally F =  is the square root of P where P= (HHH+ αI )-1 

Iterative Detection:
P2) Find the minimum length row of Fm and permute it to the 
last row. Permute Hm accordingly
 P3) Block upper-triangularize Fm by 

              (22)        
 Where Σ is a unitary transformation, um -1 is an (m-1) × 1 column 
vector, and λm is a scalar. 
P4)  Form the linear MMSE estimate of am, 

     .  (23)       
P5)  Obtain am from  via slicing.
P6) Cancel the interference of am in r(m) to obtain the reduced-
order problem by 
                   (24) 
P7) If m >1, let m = m − 1 and go back to step P2. With the 
corresponding r(m-1), am-1, Hm-1  and Fm-1.

2. Simulation Results
The simulation is performed using the   parameters from Table 
1. Fig. 4(a), shows the BER obtained for An Improved Square 
Root Algorithm for BLAST employing MMSE since MMSE 
outperforms ZF only MMSE is considered during simulation. 
The gaps observed in the graph indicate that the transmitted image 
was received without any errors. 
Fig. 4(b), shows the PSNR of the image received when compared 
to the transmitted image. The gaps observed in the graph at SNR 
= 21, 22, 23, 24 indicate PSNR of Infinity.
Fig. 4(c), compares the Number of FLOPS required for the Basic 
Detection scheme employing MMSE and ZF, An Efficient Square-
Root Algorithm for BLAST employing MMSE and An Improved 
Square Root Algorithm for BLAST employing MMSE (one 
complex multiplication and addition requires six and two flops 
respectively).The Improved Square Root Algorithm for BLAST 
outperforms the efficient square root algorithm in terms of Number 
FLOPS required for detecting the received symbols.
Fig. 4(d), is the original transmitted Image, fig. 4(e),(f),(g),(h) 
are the Reconstructed Image at the receiver for SNR= 0,5,10,15 
for An Improved Square Root Algorithm for BLAST employing 
MMSE algorithm. The Quality of the image improves at higher 
SNR which is directly related to the BER observed. 

     (a)
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       (b)

          (c)

        (d)

        (e)

          (f)

          (g)

          (h) 
Fig. 4(a): BER of Minimum Mean Square Error (MMSE), (b). 
PSNR of the Reconstructed Output and the Original Image 
Transmitted by Minimum Mean Square Error (MMSE), (c). 
FLOPS Required for Improved Square Root Algorithm (MMSE), 
(d). Original Transmitted Image, (e). Reconstructed Output 
Image at SNR=0, (f). Reconstructed Output Image at SNR=5, 
(g). Reconstructed Output Image at SNR=10, (h). Reconstructed 
Output Image at SNR=15

D. An Improved Square-Root Algorithm for V-BLAST Based  
on Efficient Inverse Cholesky Factorization
Further reduction in the number of FLOPS is achieved by employing 
a fast algorithm for inverse Cholesky factorization used to compute 
a triangular square-root of the estimation error covariance matrix, 
it is then applied to propose an improved square-root algorithm 
for V-BLAST, which speedups several steps in the previous one 
and can offer further computational savings in MIMO Orthogonal 
Frequency Division Multiplexing (OFDM) systems. Compared 
to the conventional inverse Cholesky factorization, the proposed 
one avoids the back substitution (of the Cholesky factor), and 
then requires only half divisions. The algorithm is faster than the 
existing efficient V-BLAST algorithms [10].

1. Algorithm
Initialization:

N1) Set m = M. Compute RM, ZM and the initial upper triangular 
F = FM. This step includes in the sub-steps N1-a, N1-b, N1-c and 
N1-d. 
N1-a) Assume the successive detection order to be [tm, tm-1, . . . , t1]. 
Correspondingly permute H to be H = HM = [ht1, ht2, . . ., htm].
N1-b) Utilize the permuted H to compute RM, where we can obtain 
all Rm−1s, vM−1s and βms   (for m = M, M -1, . . . , 2), as shown  

                       (25)
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Where R = HHH+ αIM.
N1-c) Compute F1 by F1 = Then use  

  (26)
To compute Fm from Fm−1 iteratively for m = 2, 3, . . . , to obtain 
the Initial F = FM.
N1-d) Compute   (27)
Iterative Detection:
N2) Find the minimum length row in Fm and permute it to be 
the last m-th row. Correspondingly permute zm, and rows and 
columns in R.
N3) Block upper-triangularize Fm by 

    (28)
Where Σ is a unitary transformation, um -1 is an (m-1) × 1 column 
vector, and λm is a scalar.
N4) Form the least-mean-square estimate  by 
             (29)
N5) Obtain am from  via slicing

N6) Cancel the effect of am in zm by

               (30)
Where  is the permuted zm with the last entry removed, and vm−1 
is in the permuted Rm
N7) If m >1, let m = m − 1 and go back to step N2 with the 
corresponding zm-1, am-1, Rm-1 and Fm-1. 

2. Simulation Results
The simulation is performed using the parameters from Table 1. 
Fig. 5(a), shows the BER obtained for An Improved Square-Root 
Algorithm for V-BLAST Based on Efficient Inverse Cholesky 
Factorization employing MMSE since MMSE outperforms ZF 
only MMSE is considered during simulation. The gaps observed 
in the graph indicate that the transmitted image was received 
without any errors. 
Fig. 5(b), shows the PSNR of the image received when compared 
to the transmitted image. The gaps observed in the graph at SNR 
= 20, 21, 22, 23, 24 indicate PSNR of Infinity.
Fig. 5(c), compares the Number of FLOPS required for  Basic 
Detection scheme employing MMSE and ZF, An Efficient Square-
Root Algorithm for BLAST employing MMSE, An Improved 
Square Root Algorithm for BLAST employing MMSE and 
An Improved Square-Root Algorithm for V-BLAST Based on 
Efficient Inverse Cholesky Factorization employing MMSE (one 
complex multiplication and addition require six and two flops 
respectively).An Improved Square-Root Algorithm for V- BLAST 
Based on Efficient Inverse Cholesky Factorization outperforms 
all the above mentioned Algorithms and is faster than the existing 
efficient V-BLAST algorithms.
Fig. 5(d), is the original transmitted Image, fig. 5(e),(f),(g),(h) 
are the Reconstructed Image at the receiver for SNR= 0,5,10,15 

for An Improved Square Root Algorithm for V-BLAST Based 
on Efficient Inverse Cholesky Factorization   employing MMSE 
algorithm. The Quality of the image improves at higher SNR 
which is directly related to the BER observed.

            (a)

          (b)
                                         

           (c)

                                                    
          (d)
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       (e)

       (f)

        (g)

                     (h)
Fig. 5(a): BER of  Improved Square Root Algorithm Based 
on Inverse Cholesky Factorization (MMSE), (b). PSNR of the 
Reconstructed Output and the Original Image Transmitted by 
Minimum Mean Square Error (MMSE), (c). FLOPS required 
for Improved Square Root Algorithm Based on Inverse Cholesky 
Factorization (MMSE), (d). Original Transmitted Image, (e). 
Reconstructed Output Image at SNR=0, (f) Reconstructed Output 
Image at SNR=5, (g). Reconstructed Output Image at SNR=10, 
(h). Reconstructed Output Image at SNR=15

IV. Channel Capacity
Multiple antenna techniques can be broadly classified into 
two categories: diversity techniques and spatial-multiplexing 
techniques [6]. The diversity techniques intend to receive the 

same information-bearing signals in the multiple antennas or to 
transmit them from multiple antennas, thereby improving the 
transmission reliability [11-12]. In the spatial–multiplexing 
techniques, on the other hand, the multiple independent data 
streams are simultaneously transmitted by the multiple transmit 
antennas, thereby achieving a higher transmission speed. When 
the spatial-multiplexing techniques are used, the maximum 
achievable transmission speed can be the same as the capacity of 
the MIMO channel; however, when the diversity techniques are 
used, the achievable transmission speed can be much lower than 
the capacity of the MIMO channel [13]. MIMO system capacities 
for deterministic and random channels are as follows:

A. Deterministic MIMO Channel Capacity

1. Channel Capacity When Channel State Information 
(CSI) is Known to the Transmitter Side
The capacity of a deterministic channel is defined as  
            bits/channel use  (31)
In which f(a) is the probability density function (PDF) of the 
transmit signal vector ‘a’ , and I(a:r) is the mutual information of 
random vectors ‘a’ and ‘r’. The channel capacity is the maximum 
mutual information that can be achieved by varying the PDF of 
the transmit signal vector.
From the fundamental principle of the information theory, the 
mutual information of the two continuous random vectors, ‘a’ 
and ‘r’, is given by 
                    I(a:r)=H(r)  ̶  H(r|a)   (32)
Where H(r) is the differential entropy of r and H(r|a) is the 
conditional differential entropy of ‘r’ given ‘a’. Using the statistical 
independence of the two random vectors ‘w’ and ‘a’ in (1) the 
conditional differential entropy H(r|a) is:  
                      H(r|a) = H(w)   (33)
Using (33), we can express (32) as
                  I(a:r)=H(r)  ̶   H(w)   (34)
Given that H(w) is a constant, the mutual information is maximized 
when H(r) is maximized. The differential entropy H(r) is maximized 
when ‘r’ is zero-mean circular symmetric complex Gaussian 
(ZMCSCG), Which consequently requires ‘a’ to be ZMCSCG 
as well. Then, the mutual information of ‘r’ and ‘w’ is given as:

   (35)

  (36)
Where Rrr is the auto-correlation matrix of r(received vector).
In [14], it has been shown that using (35), the mutual information 
of (34) is expressed as:  

 (37)
Where Ex is the energy of the transmitted signals, and N0 is the 
power spectral density M is number of Transmitting antennas and 
N is number of Receiving antennas, Raa is the auto-correlation 
matrix of a.
Then, the channel capacity of deterministic MIMO channel I(a:r) 
in bps/Hz is expressed as:     

 (38)
when CSI is available at the transmitter Power allocation scheme 
such as Water filling Algorithm are employed, the total power is 
unequally allocated to all transmit antenna which depends upon 
the scheme employed.
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2. Channel Capacity when CSI is Not Available at the 
Transmitter Side
When H is not known at the transmitter side, one can spread 
the energy equally among all the transmit antennas, that is, the 
autocorrelation function of the transmit signal vector x is given 
as
                       Raa=IM    (39)
In this case, the channel capacity is given as 
  (40)
When CSI is not available at the transmitter and thus, the total 
power is equally allocated to all transmit antennas.

B. Channel Capacity of Random MIMO Channels
In general, MIMO channels change randomly. Therefore, H is 
a random matrix, which means that its channel capacity is also 
randomly time-varying. In practice, we assume that the random 
channel is an ergodic process. The statistical notion of the MIMO 
channel capacity: 

  (41)                                             
 is known as an ergodic channel capacity.

The ergodic channel capacity for the open-loop (OL) system 
without using CSI at the transmitter side, from (40), is given as:   

  (42)                 
Similarly, the ergodic channel capacity for the closed-loop (CL) 
system using CSI at the transmitter side, from (38), is given as:

 (43)                                                                                      

C. Effects of Channel Correlation 
The MIMO channel gains are not independent and identically 
distributed (i.i.d.). The channel correlation is closely related to 
the capacity of the MIMO channel. Consider the capacity of the 
MIMO channel when the channel gains between transmit and 
received antennas are correlated. When the SNR is high, the 
deterministic channel capacity can be approximated as:

 (44)                                                                                                               
Since the second term is constant, the first term involving det(Raa) 
is maximized when Raa= IM.
Consider the following correlated channel model:

               (45)
Where Rx is the correlation matrix reflecting the correlations 
between the receive antennas (i.e., the correlations between the 
row vectors of H), and Hy denotes the i.i.d. Rayleigh fading 
channel gain matrix, Rz is the correlation matrix, reflecting the 
correlations between the transmit antennas (i.e., the correlations 
between the column vectors of H). The diagonal entries of Rz and 
Rx are constrained to be a unity.
From (h), then, the MIMO channel is given as:

  (46)
If  M=N, Rx and Rz are of full rank, and SNR is high, (46) can be 
approximated as

   (47)

From (47) the MIMO channel capacity has been reduced, and 
the amount of capacity reduction (in bps) due to the correlation 
between the transmit and receive antennas is                                                                                                      

   (48)
Since  for any correlation matrix R (48) is always 
negative.

D. Simulation Results
The Simulation is performed using the following Parameters:
The parameters considered for cumulative distribution function 
(CDF) of the capacity for the random MIMO channel when CSI 
is not available at the transmitter side are:

Table 2: Parameters Considered for CDF
Antenna Configuration 1x1;2x2;4x4;8x8;16x16

SNR Range 0 to 25 dB in Increments 
of 1

CDF Range 0 to 1
Number of iterations 50,000

From fig. 6(a), (b), (c), (d), we observe that the MIMO channel 
capacity improves with increasing the number of transmit and 
receive antennas when CSI is not available at the transmitter 
side.
The parameters considered for ergodic channel capacity (fig. 6(e) 
as varying the number of antennas when CSI is not available at 
the transmitter side are:

Table 3: Parameters Considered for Erodic Channel Capacity 
Antenna Configuration 1x1;2x2;4x4;8x8;16x16

SNR Range 0 to 25 in Increments 
of 1

Channel Assumed

Rayleigh flat Fading 
Channel Randomly 
varying for each 
execution.

Number of Iteration 1000
The parameters considered for ergodic capacities comparison for 
MIMO channels with and without using CSI at the transmitter 
side are (fig. 6 (f))

Table 4: Parameters Considered for Erodic Channel Capacities 
with and Without using CSI at Transmitter Side
Antenna Configuration 4x4

SNR Range 0 to 25 in Increments 
of 1

Channel Assumed

Rayleigh flat Fading 
Channel Randomly 
varying for each 
execution.

Correlation Matrix 
Assumed

Symmetric Matrix with 
Diagonal elements 
equal to 1

Number of Iterations 1000
Algorithm used in Closed 
loop system Water-Filling Algorithm

Fig. 6(f), shows that the closed-loop system provides more 
capacity than the open-loop system. However, we can see that 
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the CSI availability does not help to improve the channel capacity 
when the average SNR is extremely high. Similar results can be 
obtained with different Antenna configuration.  

             (a)

           (b)

             (c)

          (d)

            (e)

               (f)
Fig. 6(a), (b), (c), (d): Cumulative Distribution Function (CDF) 
of the Capacity for the Random 1x1, 2 x 2, 4 x 4, 8x8 MIMO 
Channel When CSI is not Available at the Transmitter Side for 
SNR 0dB, 5 dB,10dB,15dB, (e). Ergodic Channel Capacity as 
Varying the Number of Antennas for SNR= 0 to 25when CSI 
is not Available at the Transmitter, (f). Compares the Ergodic 
Capacities for 4x4 MIMO Channels with and Without using CSI 
at the Transmitter Side

Fig. 7: Capacity Reduction Due to the Channel Correlation for 
4x4 MIMO Channels

The Parameters considered for Capacity reduction due to the 
channel correlation are"
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Table 5: Parameters Considered Forcapacity Reduction Due to 
Correlation
Antenna Configuration 4x4

SNR Range 0 to 25 in Increments 
of 1

iid Channel 
Characteristics

Rayleigh flat Fading 
Channel Randomly 
varying for each 
execution.

Correlation Matrix 
Assumed
for generating a 
Correlated channel

Symmetric Matrix with 
Diagonal elements 
equal to 1

Number of Iterations 1000
From Fig. 7, we can observe that a capacity of  3.3 bps/Hz is 
lost due to the channel correlation when SNR is 18dB.Thus the 
channel capacity reduces with channel correlation.

V. Conclusion
A general V-BLAST system with M transmitting and N receiving 
antennas capable of realizing extraordinary spectral efficiencies 
over rich –scattering wireless channel was studied, and a 
comparison between different detection scheme which includes 
Basic detection scheme employing MMSE and ZF Algorithm, 
where MMSE outperforms the ZF algorithm in terms of the 
BER observed at the cost of increase in the number of FLOPS 
required when the number of transmitting and the number of 
receiving antenna is above 10,The efficient square root algorithm 
with MMSE employs unitary transformation to avoid squaring 
and inverse operations thereby reducing the number of FLOPS 
required for detection when compared to the Basic detection 
scheme employing MMSE, Further reduction in the number of 
FLOPS required for detection is accomplished by the Improved 
square root algorithm by utilizing intermediate results that 
were discarded without any usage in the Efficient square root 
algorithm, An improved square-root algorithm for V-BLAST 
based on efficient inverse cholesky factorization offers further 
computational savings by developing a fast algorithm to compute 
a triangular square root of the estimation error covariance matrix, 
it is then applied to the Improved square-root algorithm, which 
speeds up several steps than the previous one. The algorithm is 
faster than the existing efficient V-BLAST algorithms. Simulations 
were performed considering the an image of size 256x384 and the 
affects of the channel, Bit Error Rate (BER) observed, PSNR and 
the number of FLOPS required was studied and compared.The 
capacity offered by MIMO for deterministic and random channels, 
The affects of Channel State Information (CSI) on the capacity 
when CSI is available and not available at the transmitter and 
capacity of the MIMO channel when the channel gains between 
transmit and received antennas are correlated were also studied.
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