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ABSTRACT- Orthogonal frequency division 
multiplexing (OFDM) is a famous technique for high 
information rate remote transmission. OFDM might be 
joined with antenna arrays at the transmitter and recipient to 
expand the differences pick up and/or to upgrade the 
framework limit on time-variant and frequency-specific 
channels, resulting in a multiple-input multiple-output 
(MIMO) arrangement.  In this paper we are introducing 
MIMO-OFDM. We measured the performance of different 
modulation techniques with respect to BER and SNR. We 
compare the results and conclude that in the case of even 
power, bit error rate is lower as compare to odd power. 

Keywords- Multiple-input multiple-output (MIMO), 
orthogonal frequency division multiplexing (OFDM), 
software radio, space–time coding, syn-chronization. 

1. INTRODUCTION  
Over wireless signals transmission OFDM (Orthogonal 

frequency division multiplexing) is latest method and used in 
wide variety of ways. Along with other popular wireless 
standard, OFDM is used in other wireless standards like 
metropolitan area network, local area network, digital video 
broadcasting, and digital audio broadcasting. For 4G mobile 
technology OFDM work as a potential candidate and same as 
for road side to vehicle communications it work as a 
dedicated short-range communications (DSRC). With 
parallel transmission of block data character on sub-carriers 
OFDM is used which work as block modulation scheme. As 
compare to single-carrier system, OFDM time period is very 
huge. Following by analog-to-digital converter (ADC), 
implementation of OMDF is performed on inverse discrete 
Fourier trans-form (IDFT) on every set of data character.  

 
MIMO is the arrangement of multi input and multi out as the 
name suggest and for this multiple antennas is used for 
sending and receiving data. For gaining both the diversity 
and capacity for the combat signal fading MIMO is 
implemented in many typically ways. MIMO is divided into 
three categories:  

 With the help of highest spatial diversity, power 
efficiency of the system is enhanced. This method of 
increasing the power efficiency includes and space–time 

trellis codes (STTC), delay diversity and space–time 
block codes (STBC). [4] [5] [6]. 

 For enhancing the capacity, layered technique is used. 
Popular example of this is V-BLAST, in this fully spatial 
diversity is regularly not achieved. 

 In the sender side, this helps to utilize information [8].  
 

 
                           

Fig. 1 MIMO-OFDM system 
 

2. SYSTEM MODEL FOR MIMO-OFDM 
Work both for the purpose of modulation and 

demodulation, multicarrier technique can be perfectly 
executed with the help of FFT and Inverse FFT (IFFT) 
respectively. The waveform that is send contain two 
parameters first is the frequency” domain coefficients and on 
the output side this contain “time” domain samples. Above 
Fig 1 shows the MIMO-OFDM implementation. 

  
Let  𝑋 = {𝑥 , 𝑥 , … … . 𝑥 } designate the length- data 

symbol block. The IDFT of the date block X produce the 
time domain sequence = {𝑥 , 𝑥 , … … . 𝑥 } , i.e, 

 

       𝑥 = 𝐼𝐹𝐹𝑇 {𝑋 }(𝑛) 
 
To reduce the consequences of channel delay spread, a guard 
interval incorporate of either a CP or suffix is attached to the 
sequence. In case of a CP, the transmitted sequence with 
guard interval is 

 
𝑥 =  𝑥( ) , 𝑛 =  −𝐺, … . , −1,0,1 … … , 𝑁 − 1         
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Fig. 2 OFDM Frame structure 

 
The separate length- time domain training order are 

acquired by assuming an point IDFT of the order{𝑆
( )

},  , 
protecting the initial N1 time-domain coordinates and leave 
the rest. A CP is supplement to every length-N1 time-domain 
order. Let Hij be the vector of sub channel coordinates among 
the Ith sender and the Ith receiver antenna and let 

{𝑅
( )

},  be the received sample order at the destination 
antenna. After removing the guard interval, the Ith received 

samples {𝑅
( )

},  are imitated I times and demodulated 
with the help of an N-point FFT as 

𝑅
( )

= 𝐹𝐹𝑇  {𝑟( )}(𝑘)             
 

∑ 𝐻
( , )

𝑆
( )

+  𝑊
( )            

 
Where k = 0… N-1. The demodulated OFDM sample matrix 
RK of dimension (Q*L) for the Kth subcarrier can be 
indicated in way of the sending sample matrix SK of 
dimension (Q*Q), the channel coordinates matrix Hk of 
dimension (Q*L) and the additive white Gaussian noise 
matrix Wk of dimension (Q*L)  [24] as 
 

𝑅 , × =  𝑆 , ×  . 𝐻 , × +  𝑊 , ×                                            
 

In the above equation R,H and W is either the group of N 
matrices of dimension Q *L or the group of Q* L vectors of 
length N. 
 
3. OVERVIEW OF MIMO AND OFDM 
Orthogonal frequency-division multiplexing (OFDM) used 
different subcarriers for the transmission of data stream after 
dividing it into N parallel streams, for the purpose of 
decreasing data rate. In other word, we can say that it is a 
type of multicarrier digital communication technique. 
OFDM is going to complete 40 years and was initially 

introduced in year 1960s to year 1970s. For frequency, 
OFDM was firstly found when the work is performed to 
decrease the interference between channels close to one 
another. As the asymmetric DSL and audio and video 
broadcasts, OFDM seen at very different place. Because of 
OFDM large data rate sending capacity, large bandwidth 
efficiency and its robustness to multi-path delay, OFDM is 
very strongly applied to a large diversity of wireless 
communication. For high-speed data sending over wireless 
links in multipath surrounding, OFDM has been designed as 
a sending technique support. In past years, OFDM has 
designed into a famous theory for wideband digital 
transmission, even if wireless or over wires, worn in 
operations like digital TV and audio reporting, wireless 
networking and broadband network service. OFDM is a 
transmission method that regulates many carriers at an 
instant. 
 
Despite the fact that their spectra cover, the transmitted 
transporters can be demodulated orthogonally, given that 
right time windowing is utilized at the beneficiary. Since the 
OFDM-based framework has large phantom efficiency and 
is hearty against inter symbol interference (ISI) and 
frequency-selective blurring channels, it has been generally 
decided for European computerized sound/video television 
and remote nearby/metropolitan zone system benchmarks, 
and now, it is utilized as a part of most broadband remote 
correspondence frameworks. Likewise, traditional went 
before OFDM frameworks additionally have the disservice 
of a high crest to-normal force proportion (PAPR). 
 
As of late, OFDM has turned out to be more famous in 
remote communications. For remote applications, an 
orthogonal frequency division multiplexing-based 
framework diminishes the intricacy of equalizers and gives 
higher insusceptibility to multi-way blurring. OFDM 
incorporated into advanced video/sound television standard 
in IEEE 802.11, the Europe, and IEEE 802.16 is contained 
in remote broadband access frameworks. Additionally, the 
fundamental bad mark of OFDM sign is large (PAPR) crest 
to-normal force proportion that causes execution decrement 
or poor force quality to transmit power intensifier. To 
decrease the top to-normal power, a few strategies have 
been proposed. Like cut-out, halfway transmit grouping, 
coding, interleaving, chose mapping, had amard changes, 
nonlinear companding changes, and some different 
techniques and so on. These strategies can fundamentally be 
composed into various sign scrambling strategies, similar to 
flag bending, for example, companding, cut-out, and PTS 
systems. Those all PAPR decrease strategies, the regular 
technique are utilized for section process. 
 
In spite of the fact that, while utilizing cutting procedure it 
causes both out-of-band and in-band mutilation and 
moreover blunder bit rate has been expanded of the 
framework. As other strategy, a companding shows great 
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execution as opposed to cut-out plan in light of the fact that 
the inverse extending change is utilized as a part of collector 
end to diminish the mutilation of sign. The Hadamrd change 
diminishes the PAPR of OFDM sign amid the mistake 
probability of framework is not improved. In this 
proposition, a helpful diminishing PAPR strategy in light of 
joint hadamard and companding change technique is given. 
This strategy contrasts and unique framework with essential 
companding procedure for decrease PAPR. 
To remove given genuine bad marks, different plans have 
been presented, similar to square coding, group of stars 
interpretation, cut separating. Cut separating is a most 
straightforward technique however it causes genuine out-
band radiation. For heavenly body interpretation and square 
coding have less likelihood to out-band radiation, however 
an advancement administration procedure to get the Noise Q 
is PAPR. In this theory, for the most part spotlights on the 
relationship between PAPR likelihood and OFDM 
information grouping. Hadamard Transform system is 
utilized to bring down the association relationship of 
orthogonal recurrence division multiplexing info succession. 

In remote situations, transmitted signs take after a 
few spread ways. At the point when reflected from 
encompassing items these ways achieve the recipient with 
various proliferation defers that causes delay spread, 
between inter-symbol interference (ISI), blurring, and 
arbitrary stage contortion. For instance, the deferred 
duplicates of the transmitted sign will meddle with ensuing 
signs, bringing about ISI. The transmitted image rate is 
subsequently restricted by the postponement spread of the 
channel. OFDM has been utilized as a part of remote LAN 
gauges, for example, American IEEE802.11a and the 
European identical HIPERLAN/2 and in sight and sound 
remote administrations, for example, Japanese Multimedia 
Mobile Access Communications [5]. 802.11 is an 
arrangement of IEEE norms that represent remote systems 
administration transmission techniques. They are regularly 
utilized today as a part of their 802.11a, 802.11b, and 
802.11g adaptations to give remote framework gauges in the 
home, office and business foundations. The 3 802.11a 
standard uses the same center convention as the first 
standard, works at 5 GHz band, and uses a 52-subcarrier 
orthogonal recurrence division multiplexing (OFDM) with a 
most extreme crude information rate of 54 Mbit/s, which 
yields sensible net achievable throughput in the mid-20 
Mbit/s. Since the 2.4 GHz band is  
intensely used to the point of being swarmed, utilizing the 5 
GHz band gives 802.11a a huge favorable position 
[6].OFDM is likewise connected in 802.16 and WiMAX 
innovations. IEEE 802.16 standard is the IEEE Standard for 
Wireless Metropolitan Area Networks (MANs), otherwise 
called WiMAX and Wireless LAN [7].  

Wi-max is an acronym that stands for Worldwide 
Interoperability for Microwave Access. It is an information 
transfer’s innovation that gives remote information in an 
assortment of routes, from point-to-point connections to full 

versatile cell sort access [8]. MIMO has been produced for a 
long time for remote frameworks. One of the most punctual 
MIMO to remote correspondences applications came in 
mid-1980 with the leap forward improvements by Jack 
Winters and Jack Saltz of Bell Laboratories [9]. They 
attempted to send information from numerous clients on the 
same recurrence/time channel utilizing different receiving 
wires both at the transmitter and collector. From that point 
forward, a few scholastics and architects have made critical 
commitments in the field of MIMO. Presently MIMO 
innovation has excited interest as a result of its conceivable 
applications in computerized TV, remote neighborhood, 
metropolitan range systems and portable correspondence. 
Contrasting with the Single-info single-yield (SISO) 
framework MIMO gives improved framework execution 
under the same transmission conditions. 

In the first place, MIMO framework significantly 
builds the channel limit, which is in relative to the aggregate 
number of transmitter and beneficiary clusters. Second, 
MIMO framework gives the benefit of spatial assortment: 
every one transmitting sign is identified by the entire locator 
cluster, which enhanced framework power and unwavering 
quality, as well as decreases the effect of ISI (entomb image 
impedance) and the channel blurring following every sign 
determination depends on N distinguished results. At the 
end of the day, spatial differences offers N free imitations of 
transmitted sign. Third, the Array addition is likewise 
expanded, which implies SNR pick up accomplished by 
centering vitality in fancied heading is expanded [10].On the 
other hand, MIMO additionally cost more vitality including 
both the transmission vitality and the circuit vitality 
utilization. Vitality effectiveness examination of MIMO 
framework is imperative theme in MIMO research. 

IV. RESULTS 

 
 

Fig 3. Comparison graph between BPSK, QAM and QPSK 
 

Above graph shows the comparison between the BPSK, 
QAM and QPSK modulation. From the graph it is clear that 
Bit Error Rate (BER) of BPSK Modulation is very low as 
compare to other modulation and this rate is gradually 
decreasing till the end. In the case of QAM and QPSK, it is 
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seen that QAM give low bit error rate as compare to QPSK. 
At a point when SAR is near about 25, these both values 
overlap and after some flotation meet at one point. 

 
Fig 4. Comparison line graph of QAM on different Mod 

 
This graph compares the different Mod value of QAM. Our 
experimental results proof that on the even power of 2 the 
bit error rate is very low as compare to odd power rate. User 
can see in below bar graph in which bit error rate on QAM 
256 is very low as compare to others. One major thing to 
remember is that all these modulation is done over 2 
transmitters and 2 receivers.  To simplify above line graph, 
we are also showing bar graph below. 

  
Fig 5. Comparison bar graph of QAM on different Mod 

 

Below graph show the comparison of QAM on three 
different transmission mediums. First of all, it is clear from 
graph that when 2 transmitters and 2 receivers are taken for 
information sending, bit error rate is very high.  

 
Fig 6. Comparison graph between QAM at different transmission 

and receiver 
Whereas bit error rate of 4 transmitters and 4 receivers is 
lower than that of the first case. But the rate is very low in 
the case of 8 transmitters and 8 receivers. 
 
Table 1 
 

Parameters 
QAM 16, 32, 64, 128, 256 
QPSK 16, 32, 64, 128, 256 
BPSK 2 
Transmitter antenna 2,4, 8  
Receiver antenna 2, 4, 8 

 
4. CONCLUSION 

 
This paper contains the explanation of MIMO-OFDM. 

System model for MIMO-OFDM method is explained. 
Mathematical equation shows the accuracy of this method. 
Experiment results of this article conclude that, bit error rate 
is depend upon square of 2.  In the case of even power, bit 
error rate is lower as compare to odd power. QAM 256 is at 
very low bit error rate and also depends upon the number of 
transmitters and receivers. If large number for transmitters 
and receivers are used the bit error rate is low and same is 
true for opposite. From the above results, we conclude that 
BPSK give best performance as compare to rest but QAM is 
more secure.  
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