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Abstract 
This paper presents the modeling and simulation of the most innovative MIMO-VBLAST technique. Wireless communication has 

suffered from the fading problem ever since its first appearance in 1897, when Guglielmo Marconi transmitted a wireless signal to a 

ship in the English Channel. The following century witnessed the remarkable development of wireless communication, especially in 

the last decade. The capacity of traditional communication systems along with 1x1 antenna system would be very low because of multi 

path propagation within radio channels. The multi-path signals add up constructively or destructively at the receiver antenna to give a 

fluctuating signal, which can vary widely in amplitude and phase. When the amplitude of the signal experiences a low value it is 

termed fading and the capability of the wireless channel is severely limited. Several efforts into this direction have been carried out to 

make the radio channel more efficient and this has got remarkable progress. Efficient techniques, such as frequency reuse and 

OFDM, have been invented to increase the bandwidth efficiency; on the other hand, advances in coding techniques, such as Reed 

Solemn codes, Convolution codes and low density parity check (LDPC) codes make it possible to almost reach Shannon capacity the 

theoretical performance limit of the channel. However, the development of the techniques for a single channel has yet to catch up with 

the increasing demand for the capacity The most promising solution to combat this effect is to have antenna diversity scheme which 

can be implemented with many of ways such as BLAST structure, STBC coding technique, etc. With the implementation of antenna 

diversity i.e. MIMO, the capacity of the communication system as well as channel will increase in terms of improved error rate 

performance. Also with the implementation of  BLAST structure the data rate of the communication can be enhanced at the same 

amount of bandwidth.  Ultimately this paper concludes effect of MIMO-BLAST to provide array gain i.e high data rate for modern 

wireless scenario. 
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----------------------------------------------------------------------***-------------------------------------------------------------------- 

1. INTRODUCTION 

To achieve the maximum advantage of antenna diversity 

technique, MIMO is the best option where in the idea is lying 

within the fact that the multiple no. of transmitter and receiver 

antennas should be placed enough far apart so as to have at 

least one single path which incurs the least fading. 

 

 
 

Fig-1: A MIMO Wireless Channel 

Then in turn by selecting the best path, the signal quality can 

be improved to a greater extent thereby probability of error in 

the signal reception can be reduced dramatically[10]. 

 

MIMO employs diversity at both the transmitter and at the 

receiver side. The basic mechanism behind this technology is 

that the two different or similar data streams are transmitted 

through these spatially separated antennas and at the receiver 

side, using typical space time processing techniques i.e. 

alamouti and BLAST the streams are detected and received in 

more or less its original form. 

 

Two representative space-time systems, namely space-time 

block coding (STBC) and vertical Bell Labs layered space 

time (V-BLAST), can improve system performance by 

providing diversity gain and multiplexing gain, respectively. 

[1] The classification chart of MIMO systems is shown in 

Fig.2. 
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Fig-2: Summary Chart of MIMO systems 

 

In this paper, the critical performance analysis of V-BLAST 

system has been discussed with MIMO so as to find the most 

effective diversity implementation for modern wireless 

systems. First part deals with the basic architecture of V-

BLAST system and the second part constitutes the modeling 

and simulation of V-BLAST structure along with the 

simulation results in image form. 

 

2. V-BLAST TECHNIQUE 

BLAST stands for Bell Laboratories Layered Space Time. As 

already discussed that the traditional approach of wireless 

communication system analyzes fading as a culprit because 

the images arrive at the receiver at slightly different times and 

can thus interfere destructively but with the use of antenna 

diversity techniques this multipath structure has become the 

boon for the betterment of system capacity. As contrary to the 

alamouti technique in which multiple antennas are 

transmitting the same signal at a time and at the receiver side, 

multiple antennas are receiving those many copies of data 

stream out of which best path will get selected, in this case the 

data stream is bifurcated into substreams proportional to the 

no. of transmitting antennas and then individual antenna will 

transmit each independent substream which all are going to 

received and detected by multiple receivers. The idea behind 

the technique is to increase the data rate of the system 

dramatically by taking the advantage of multiplexing gain 

property of antenna diversity. 

 

 
 

Fig-3: V-BLAST Architecture 

 

Basically the two main techniques of BLAST are popular. One 

is Diagonal BLAST (D-BLAST) and the other is Vertical 

BLAST (V-BLAST). In case of D-BLAST, the ordering and 

decoding structure follow the diagonal pattern or circular 

pattern which will become more and more complex as the no. 

of transmitter and/or receiver antenna will increase. Hence to 

reduce the complexity, Fochini has introduced the simplest 

version of BLAST known as V-BLAST which has been 

thoroughly discussed in the forthcoming sections. 

 

In V-BLAST a single data stream is split into multiple sub-

streams and multiple transmitter antennas are used to 

simultaneously launch the parallel sub streams as shown in 

figure 3. All the sub-streams are transmitted by using the same 

frequency band, so spectrum efficiency will improve 

drastically. Moreover the user's data is being sent in parallel 

over multiple antennas, the effective data rate is increased in 

roughly in proportion to the number of transmit antennas used. 

One thing that has to be made sure is number of receivers for 

this system must be equal to or greater than that of the 

transmitter. The transmitted sub-streams are independent of 

one another. Individual transmitter power is scaled by 1/M. 

So, total power remains constant independent of number of the 

transmitters (M). 

 

At the receiver, again the multiple antennas i.e. array of 

antennas is used to receive the multiple transmitted data sub 

streams and their multipath replicas. Each receiver antenna 

receives all the data sub streams that are transmitted by no. of 

antennas. These all streams approaching to the individual 

receiver are not separate but are superimposed over one 

another. However, because of sufficient multipath scattering 

observed by different data substreams is different, by the use 

of quality signal processing algorithms the individual 

substreams will be detected from the multiple copies of it at 

each receiver side. In effect, the unavoidable multipath is 

exploited to provide a very useful spatial parallelism that is 

used to greatly improve data transmission rates. Thus, when 
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using the V- BLAST technique, the more multipath, the better, 

just the opposite of conventional systems. Basically there are 

three main methods for signal detection in V-BLAST receiver. 

1. Zero Forcing (ZF) Detection Algorithm 

2. Minimum Mean Square Error (MMSE) Detection 

Algorithm 

3. Maximum Likelihood (ML) Detection Algorithm 

 

Here the approach to a lower complexity design of the 

receiver is to use a “divide-and-conquer” strategy instead of 

decoding all symbols jointly. First, the algorithm detects the 

strongest symbol. Now as one symbol is detected, its effect on 

the remaining symbols should be nullified so as to have less 

interference hence as a next step the strongest symbol will be 

subtracted from the replicas of the data stream. The algorithm 

continues by canceling the effects of the detected symbol and 

the decoding of the next strongest symbol until all symbols are 

detected. The optimal detection order is from the strongest 

symbol to the weakest one. 

 

The Shannon’s channel capacity for this system is given by 

[5], 

 

 
 

3. MODELING & SIMULATION OF V-BLAST 

TECHNIQUE IN MIMO ENVIRONMENT 

The very first MIMO architecture to achieve high data rate 

was proposed by G. J. Foschini which was known as the Bell-

labs layered space time architecture (BLAST). [4] Vertical-

BLAST is the finest algorithm that can increase the channel 

capacity to a extent that is defined by Shannon’s channel 

capacity law under rich multipath scenario. In BLAST 

technique, multiple transmitting antennas transmit different 

data streams in parallel fashion which are spatially 

multiplexed. These data sub streams are transmitted 

simultaneously within the same bandwidth. With rich 

multipath scattering environment, these different streams are 

detected separately on receiver side based on the amount of 

fading experienced by all. 

 

V-BLAST architecture is designed by using MT spacially 

separated antennas that are transmitting corresponding data 

substreams and NR receiving antennas to receive all the 

replicas of data sub streams. After encoding process each sub-

stream is fed to an individual transmitter. The type of 

modulation method utilized in these systems usually is M 

Quadrature Amplitude Modulation (MQAM). QAM combines 

phase modulation with amplitude modulation, limiting the 

channel bandwidth and making it an efficient method for 

transmission of data. BLAST's receivers operate over all data 

substreams transmitted by MT transmitters and apply various 

signal processing algorithms to detect the individual sub 

streams. For efficient operation of the detection algorithms, it 

is usually required that NR > MT. 

 

 
 

Fig-4: MIMO-VBLAST Model 

 

As per the snap shot, the model is designed for 4x4 antenna 

system. Here the incoming data stream is bifurcated into four 

sub streams and is transmitted through four AWGN channels; 

all which are experiencing different amount of fading. This 

modulated data sub streams are mixed with some fixed size of 

pilots which are used to estimate the channel conditions. At 

the receiver side, these pilots are extracted and finally through 

ML detection algorithm, the data stream will be detected and 

received. At a final stage, demodulation and decoding is 

performed so as to recover the original signal back. 

 



IJRET: International Journal of Research in Engineering and Technology               eISSN: 2319-1163 | pISSN: 2321-7308 

 

__________________________________________________________________________________________ 

Volume: 03 Issue: 04 | Apr-2014, Available @ http://www.ijret.org                                                                                      952 

4. SIMULATION RESULTS & DISCUSSION 

As per the snap shot of VBLAST model shown in figure-4, by 

setting the value of SNR=24dB is simulated in MATLAB 

environment. 

 

 
 

Fig-5(a): Input Image 

 

 
 

Fig-5(b): Output Image 

 

Once the model is simulated, the performance will be 

evaluated by means of BER calculator measurement. 

 

 
 

Fig-5(c): BER Calculator 

By the transmission of almost same no. bits in terms of real 

time image signal, i.e. transmission of 527859 bits, 4886 bits 

get corrupted leading to the BER of around 0.009. 

 

5. CONCLUSIONS 

• Performs well when channel can be estimated properly. 

• Degradation due to channel estimation errors is fairly high. 

• Successive Interference Cancellation (SIC) makes for low 

complexity. 

• Danger of error propagation that is inherent of a SIC scheme. 

• Inferior to STBC due to lack of diversity gain at the 

transmitter. 

 

FUTURE WORK 

MIMO extremely promising but more validation work are 

needed. Currently MIMO with STBC is providing superb 

diversity gain but the data rate acquired is comparatively low, 

while with the implementation of MIMO-BLAST, though the 

data rate through multiplexing gain is high enough but the 

diversity gain at the transmitter side is nil. Plus the receiver 

complexity is also high with ML detection. So to combat with 

future demands, the hybrid MIMO i.e. combination of MIMO-

BLAST and MIMO-STBC would be the best solution. Further 

this can also be utilized in current wireless techniques so as to 

make them more efficient in terms of data rate or system 

capacity. 
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