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Abstract - Modern communication technology is the subset of 
wireless communication and the day by day innovations are 
somewhere, somehow connected to the wireless technology. The 
innovations are mostly belongs to this area of technological 
research which is all time favorite with researchers. The most 
excellent thing about wireless technology is that it facilitates every 
device able to connect to the world in seconds and share 
information or retrieve information as quick as possible of any 
kind (images, video, data, and voice etc.). this paper discuss about 
the technology is being worked and possible enhancements can be 
done without losing its performance, and to achieve such 
improvement a non-linear detection technique V-Blast, integrated 
with the basic wireless system with the linear detection technique 
because these techniques are very efficient. To maintain the 
quality of service additional technology MIMO-OFDM is also 
integrated in the infrastructure of proposed communication 
system. Outcomes of the system are analysed under BER vs SNR 
graphs for different data lengths, different number of transmitter 
and receiver antennas by adopting 2-PSK modulation scheme. 
From the simulation Results to reduce the error probability Zero 
Forcing(ZF) and Minimum mean square error(MMSE) with V-
Blast and Gaussian Filter made an extremely good combination. 

Keywords: Non-Linear, Linear Detection Techniques, MIMO-
OFDM and Gaussian Filter. 

I. INTRODUCTION 

In the past few years, theoretical research on multiple-input 
multiple-output (MIMO) systems that use multiple transmit 
and receive antennas in a rich scattering communication 
channel have provided brilliant results. They have given a 
linear increase in system capacity and spectral efficiency 
with respect to the number of transmit antennas as long as 
the number of receive antennas is greater or equal to the 
number of transmit antennas. In a MIMO communication 
system, multiple transmission paths can be used to improve 
diversity and /or multiplexing gain. In the V-BLAST 
transmitter, every antenna transmits its own independently 
coded symbols and the V-BLAST receiver, uses a spatial 
domain decision feedback equalizer. The process involves 
each symbol is decoded and then fed back to cancel its 
interference with other symbols. This process repeats until all 
the symbols are decoded. The decoding order can be 
optimized by decoding the symbol with largest signal to 

noise ratio (SNR) first. Due to this decision feedback 
structure, the V-BLAST system with MIMO technology 
yields a very good spectral efficiency in a scattering rich 
environment. The benefits are achievable without increasing 
the transmission bandwidth or power.   

 
Figure 1.1 MIMO channel model. TxM for transmitter and RxM 

stand for receiver antennas. 

MIMO System:  

Wireless communication System was developing 
continuously and during this advancement procedure it uses 
various technologies as per the demand and to provide 
quality of service in Wireless Communication System see 
figure 1.2. In this there were some earlier technologies which 
are as follows [8][9]:  

a. SISO – Single Input Single Output System 

b. SIMO – Single Input Multiple Output System 

c. MISO – Multiple Input Single Output System 

 
II. BELL LABORATORIES LAYERED SPACE-TIME 

Bell Laboratories Layered Space-Time (BLAST) is a 
transceiver architecture for offering spatial multiplexing 
over multiple-antenna wireless communication systems. This 
type of system has multiple antennas at both the transmitter 
and the receiver in an effort to exploit the many different 
paths between the two in a highly-scattering wireless 
channel. BLAST was invented by G. Foschini at Bell 
Laboratories. Proper antenna allocation of the data being 
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transmitted, many data streams can be transmitted 
simultaneously within a single frequency band the data 
capacity of the system then grows directly in line with the 
number of antennas. BLAST algorithm was first developed 
as Diagonal Blast and due to implementation complexity it is 
modified and introduced Vertical-Blast Technique.  

a. D-Blast : Diagonal Bell Labs Layered Space 
Time 

b. V-Blast : Vertical Bell Labs Layered Space Time 

D-BLAST: 

The diagonally-layered space-time architecture proposed by 
Foschini, now known as diagonal BLAST (Bell Laboratories 
Layered Space-Time) or D-BLAST is one that approach. D-
BLAST uses multi element antenna structure at both 
transmitter and receiver and an elegant diagonally layered 
coding structure in which code blocks are dispersed across 
diagonals in time and space. In an free Rayleigh scattering 
model, this processing structure leads to theoretical rates 
which grow linearly with the number of antennas (assuming 
equal numbers of transmit and receive antennas) with these 
rates approaching 90% of Shannon capacity [16].  

 
Fig. 2.1 D-Blast System 

V-BLAST: 

The diagonal approach suffers from  certain implementation 
complexities which make it inappropriate for initial 
implementation. In this thesis, we describe a simplified 
version of BLAST known as vertical BLAST or V-BLAST, 
which has been implemented in real time in the laboratory. 

We have demonstrated spectral efficiencies of 20 - 40 bps/Hz 
at average SNRs ranging from 24 to 34 dB. Although these 
results were obtained in a relatively benign indoor 
environment, we believe that spectral efficiencies of this 
magnitude are unprecedented, regardless of propagation 
environment or SNR, and are simply unattainable using 
traditional techniques. 

 

Fig. 2.2 V-Blast System 

The essential difference between D-BLAST and VBLAST 
lies in the vector encoding process. In DBLAST, redundancy 
between the substreams is introduced through the use of 
specialized inter substream 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 Tx and Rx. In V-BLAST, 
still, 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 type, is needed, though conventional coding of the 
individual sub streams may certainly be applied[1]. 

Multipath refers to the phenomenon by which multiple 
copies of a transmitted signal are received at the receiver, 
due to the presence of multiple radio paths between the 
transmitter and receiver. These multiple paths arise due to 
reflections from objects in the radio channel. Multipath is 
manifested in several ways in communications receivers, 
depending on the degree of path difference relative to the 
wavelength of propagation, the degree of path difference 
relative to the rate of signalling, and the comparative motion 
among the transmitter and receiver.  

 

Fig.1.3 Wireless Channel Model 
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Multipath from scatterers that are spaced very close together 
will cause a random change in the amplitude of the received 
signal. Due to central-limit effects, the resulting received 
amplitude is often modeled as being a complex Gaussian 
random variable. 

This results in random amplitude whose envelope has a 
Rayleigh distribution, and this phenomenon is thus termed 
Rayleigh fading[14][19]. Other fading distributions also 
arise, depending on the physical configuration. When the 
scatterers are spaced so that the differences in their 
corresponding path lengths are significant relative to a 
wavelength of the carrier, the signals arriving at the receiver 
along different paths can add constructively or destructively. 
Which enhances fading that depends on the wavelength (or, 
equivalently, the frequency) of transmission, which is 
therefore called frequency selective fading. When there is 
relative motion between the transmitter and receiver, such 
type of fading also lay upon on time, since the path length is 
a function of the radio geometry. This results in time-
selective fading. (Such motion also causes signal distortion 
due to Doppler effects.) A related phenomenon arises when 
the difference in path lengths is such that the time delay of 
arrival along different paths is significant relative to a 
symbol period. As a results in dispersion of the transmitted 
signal, and causes intersymbol interference (ISI); that is, 

contributions from multiple symbols arrive at the receiver at 
the same time.  

Many of the advanced signal transmission and processing 
methods that have been developed for wireless systems are 
designed to contravene the effects of multipath. For example, 
wideband signaling techniques such as spread spectrum are 
often used as a countermeasure to frequency selective fading. 
These all minimizes the effect of deep frequency-localized 
fades and facilitates the resolvability and subsequent 
coherent combining of multiple copies of the same 
signal[17][20]. Similarly, by dividing a high-rate signal into 
many parallel signals with lower rate, OFDM reduces the 
effects of channel scattering on high-rate signals. 
Alternatively, high-data-rate single-carrier systems make use 
of channel equalization at the receiver to counteract this 
dispersion.  

III. PROPOSED METHODOLOGY 

The working block diagram of the Proposed MIMO-OFDM 
system with 2-PSK modulation using Gaussian Filtering 
Methodology is shown in Fig. 3.1. Here the proposed 
methodology utilizes 2-PSK modulation with Gaussian Filter 
and Different MIMO Antenna Configurations has been used 
to reduce the Bit Error Rate which is analysed with different 
levels of SNR.  

 

Fig. 3.1 Block Diagram of Proposed Methodology 

The Block Diagram in the transmitter section very firstly the 
data is modulated by 2-PSK modulator and then OFDM 
Modulation i.e. Inverse Fast Fourier Transform (IFFT) is 
applied for multiplexing then after addition of cyclic prefix is 
data signal transfer through the channel the noise is mixed in 
the receiver section then cyclic prefix is removed Fast 
Fourier Transform (FFT) is applied for de-multiplexing then 
2-PSK Demodulation has been done then after V-BLAST 
with MMSE and ZF linear detection methods have been 
adopted and in final stage the Gaussian Filter is adopted to 
reduce the BER.   

As the flow graph shows the whole simulation flow of 
Proposed Methodology in this firstly, the environmental 
variables initialized then the data is generated, PSK 
Modulates then IFFT Technique is used after that addition of 
cyclic prefix then noise mixed with data signal during 
transmission. Then Cyclic Prefix is removed FFT is adopted 
and PSK demodulator is implemented then V-BLAST ZF & 
MMSE with Gaussian Filter for minimizing the BER. 
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Fig. 3.2 Flow Chart of Proposed Methodology 

IV. SIMULATION RESULTS 

The proposed system is explained in the previous section. In 
this section the results of simulations performed on the 
proposed system is discussed. The system in evaluated under 
different data lengths and with PSK modulation. The results 
is compared for V-Blast with ZF, V-Blast with MMSE and 
both with and without filter. The results are shown in below 
figures. 

In Fig. 4.1 the simulation results with 2x2 antenna system is 
displayed, and the performance of the V-Blast with Zero 
Forcing using filter perform better than other techniques. So 
here Filtered V-blast ZF is optimum for system. 

 
Fig. 4.1 Performance of V-Blast MIMO-OFDM System using ZF 

and MMSE detection with Gaussian Filter and 2x2 Antennas 

 
Fig. 4.2 Performance of V-Blast MIMO-OFDM System using ZF 

and MMSE detection with Gaussian Filter and 4x4 Antennas 

 
Fig. 4.3 Performance of V-Blast MIMO-OFDM System using ZF 

and MMSE detection with Gaussian Filter and 8x8 Antennas 
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In Fig. 4.2 the simulation results with 4x4 antenna system is 
displayed, and the performance of the V-Blast with Zero 
Forcing using filter enhanced a little bit than previous 
configuration. So here Filtered V-blast ZF is again optimum 
for system. 

In Fig. 4.3 the simulation results with 8x8 antenna system is 
displayed, and the performance of the V-Blast with Zero 
Forcing using filter enhanced again a little bit than previous 
configuration. So here Filtered V-blast ZF is again optimum 
for system. 

V. CONCLUSION AND FUTURE SCOPE 

The outcomes of the simulation of proposed system are 
shown in the last section. In the outcomes it is clearly shown 
that the minimum mean square(MMSE) and zero forcing 
(ZF) with V-blast performs better with MIMO-OFDM 
system and it will be enhanced when Gaussian filter is used 
with this technique. The OFDM technology is widely used 
technique to transfer large data over narrow bandwidth 
wireless media, as a result proposed work has added better 
BER performance to the system. In future improvements the 
OFDM base wireless systems more sophisticated modulation 
techniques with definitely perform better and gives as low as 
possible error than existing systems, in addition with the 
system efficient detection techniques will help to reduce the 
noises presents in the signal at the receiver. 

REFERENCES 

[1]. Samundiswary, P.; Kuriakose, S., "BER analysis of MIMO-
OFDM using V-BLAST system for different modulation 
schemes," Computing Communication & Networking 
Technologies (ICCCNT), 2012 Third International 
Conference on , vol., no., pp.1,6, 26-28 July 2012. 

[2]. Joshi, S.A.; Rukmini, T.S.; Mahesh, H.M., "Performance 
analysis of MIMO technology using V-BLAST technique for 
different linear detectors in a slow fading 
channel," Computational Intelligence and Computing 
Research (ICCIC), 2010 IEEE International Conference on , 
vol., no., pp.1,4, 28-29 Dec. 2010.  

[3]. Iqbal, A.; Kabir, M.H.; Kyung Sup Kwak, "Enhanced Zero 
Forcing Ordered Successive Interference Cancellation scheme 
for MIMO system," ICT Convergence (ICTC), 2013 
International Conference on , vol., no., pp.979,980, 14-16 Oct. 
2013. 

[4]. Kamdar, B.; Shah, D.; Sorathia, S.; Rao, Y. S., "Design and 
hardware implementation of a low complexity MIMO OFDM 
system," Communication, Information & Computing 
Technology (ICCICT), 2012 International Conference on , 
vol., no., pp.1,3, 19-20 Oct. 2012. 

[5]. Wu Nian; Wang Zhongpeng; Zhang Shaozhong, 
"Performance comparison of sub-optimal algorithms based on 

MIMO-OFDM systems," Communication Technology, 2008. 
ICCT 2008. 11th IEEE International Conference on , vol., no., 
pp.190,193, 10-12 Nov. 2008.  

[6]. Jiming Chen, Shan Jin, and Yonggang Wang, “Reduced 
Complexity Mmse-Sic Detector In V-Blast Systems”, 18th 
Annual IEEE International Symposium on Personal, Indoor 
and Mobile Radio Communications 2007. 

[7]. Theodre Rappaport, Wireless Communication, 2nd edition, 
Prentice Hall, 2002. 

[8]. Kai Wu; Lin Sang; He Wang; Cong Xiong; Dacheng Yang; 
Xin Zhang, "Detection Algorithm for V-BLAST Systems with 
Novel Interference Cancellation Technique," Vehicular 
Technology Conference, 2009. VTC Spring 2009. IEEE 69th , 
vol., no., pp.1,5, 26-29 April 2009.  

[9]. C. P. Schnorr and M. Euchner, “Lattice basis reduction: 
improved practical algorithms and solving subset sum 
problems,” Math. Programming, vol. 66, pp. 181–191, 1994.  

[10]. JohnG.Proakis, Masoud Salehi, Communication Systems, 3rd 
edition, Pearson Education, 2005. 

[11]. D. Gesbert, M. Shafi , D. S. Shiu, P. Smith, A. Naguib, From 
Theory to Practice: An overview of MIMO space-time coded 
wireless systems. IEEE Journal on Selected Areas in 
Communications, VOL. 21, NO.3, Apr 2003. 

[12]. G. J. Foschini and M. J. Gans, “On limits of wireless 
communications in a fading environment when using multiple 
antennas,” Wireless Personal Communication., vol. 6, pp. 
311-335, Mar. 1998. 

[13]. V. Tarokh, N. Seshadri, and A. R. Calderbank, “Space-time 
codes for high data rate wireless communication: performance 
criterion and code construction,”, IEEE Transactionson 
Information Theory, Vol.44, No.2, March 1998. 

[14]. Ancuta MOLDOVAN, Traian VILA, Tudor PALADE, 
Emanuel Puschit, Performance analysis of mimo technology 
in mobile wireless systems, acta technica napocensis 
Electronics and Telecommunications, Volume 49, Number 4, 
2008. 

[15].  J. W. Choi, A. C. Singer, J. Lee, and N. I. Cho, “Improved 
linear soft-input soft-output detection via soft feedback 
successive interference cancellation,” IEEE Trans. Commun., 
vol. 58, no. 3, pp. 986–996, Mar. 2010.  

[16]. P. Li, R. C. de Lamare, and R. Fa, “Multiple feedback 
successive interference cancellation detection for multiuser 
MIMO systems,” IEEE Trans. Wireless Commun., vol. 10, 
no. 8, pp. 2434–2439, Aug. 2011.  

[17]. A. D. Kora, A. Saemi, J. P. Cances, and V. Meghdadi, “New 
list sphere decoding (LSD) and iterative synchronization 
algorithms for MIMOOFDM detection with LDPC FEC,” 
IEEE Trans. Veh. Technol., vol. 57, no. 6, pp. 3510–3524, 
Nov. 2008.  

[18]. J. Wang, O. Y. Wen, and S. Li, “Soft-output MMSE OSIC 
MIMO detector with reduced-complexity approximations,” in 
Proc. 2007 IEEE Workshop Signal Process. Adv. Wireless 
Commun., pp. 1–5.  

[19]. U. Fincke and M. Pohst, “Improved methods for calculating 
vectors of short length in a lattice, including a complexity 
analysis,” Math. Comput., vol. 44, pp. 463–471, 1985.  

www.ijspr.com                                                                                                                                                                                    IJSPR | 24 



INTERNATIONAL JOURNAL OF SCIENTIFIC PROGRESS AND RESEARCH (IJSPR)                                              ISSN: 2349-4689 
Volume-14, Number - 01, 2015  
 
[20]. P. W. Wolniansky, G. J. Foschini, G. D. Golden, and R. A. 

Valenzuela, “V-BLAST: An architecture for realizing very 
high data rates over the rich-scattering wireless channel,” in 
Proc. ISSE, Sep. 1998, pp. 295-300. 

[21]. M. S. Raju, A. Ramesh, and A. Chockalingam, “BER analysis 
of QAM with transmit diversity in Rayleigh fading channels,“ 
in Proc. 2003 IEEE Globecom, pp. 641–645.  

[22]. R. de Lamare and R. Sampaio-Neto, “Minimum mean-
squared error iterative successive parallel arbitrated decision 
feedback detectors for DS-CDMA systems,” IEEE Trans. 
Commun., vol. 56, no. 5, pp. 778– 789, May 2008.  

[23]. H. Lee, B. Lee, and I. Lee, “Iterative detection and decoding 
with an improved V-BLAST for MIMO-OFDM systems,” 
IEEE J. Sel. Areas Commun., vol. 24, no. 3, pp. 504–513, 
Mar. 2006. 

 

www.ijspr.com                                                                                                                                                                                    IJSPR | 25 


