
FPGA Implementation of Channel Estimation Technique in 

MIMO-OFDM System 

 
                                   R. Rakesh 

PG Student in VLSI Design and Embedded Systems  

CMR Institute of Technology, Bangalore  

Visvesvaraya Technological University  

  

 
     Abstract—Supporting high mobility will be an important 

character of the future wireless communication systems. It 

challenges the channel estimaton technique a lot and there are 

two tough problems in front of us, they are multipath fading 

channel and bandwidth efficiency. Orthogonal Frequency 

Division Multiplexing (OFDM) technique changed the 

frequency selective multipath fading channels into flat fading 

channel in frequency domain, which effectively mitigates the 

effects of multipath propogation and, hence, increases data 

rate. We summarize and analyse the exciting channel 

estimation methods in mimoofdm system.  In this paper, we 

propose a new hardware implementation of channel estimation 

for MIMO-OFDM. Our target is to minimize hardware 

resource utilization. At first, proper algorithm is chosen in 

consideration of hardware feature as well as communication 

theory for fast proto typing. Based on the algorithm, our 

architecture performs channel estimation by simple calculation 

logic without redundancy. Theoretical analysis and numerical 

results show that the new channel estimation scheme can offer 

a good performance and a high ability to track the time 

varying channel.  

 

 

Index Terms—FPGA,OFDM , mimo-ofdm, channel 

estimation 

I .INRODUCTION 

 

Multiple-input multiple- output (MIMO) and orthogonal 

frequency division multiplexing (OFDM) are two key 

techniques for broadband wireless mobile communications.  

Multiple Input Multiple Output Orthogonal Frequency 

Division Multiplexing (MIMO-OFDM) technology is an 

attractive transmission technique for wireless 

communication systems with multiple antennas at 

transmitter and receiver. The core of this technology is that 

it divides one data stream to many. Hence, data rate,  
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reliability and diversity can be increased along with the 

stability for multi-path signals.  

 

Future wireless communication system have to be designed 

to integrate features such as high data rates, high quality of 

service and multimedia in the existing communication 

framework. Increased demand in wireless communication 

system has led to demand for higher network capacity and 

performance. Higher bandwidth, optimized modulation 

offer practically limited potential to increase the spectral 

efficiency. Hence MIMO systems utilizes space multiplex 

by using array of antenna’s for enhancing the efficiency at 

particular utilized bandwidth. MIMO use multiple inputs 

multiple outputs from single channel. These systems defined 

by spectral diversity and spatial multiplexing. The aim of 

this paper is to design and implement of channel estimation 

method and modulation technique for MIMO system. The 

design specifications are obtained using MATLAB. The 

RTL coding is carried for the design to be implemented on 

Xilinx FPGA.  

 

Next generation broadband wireless communications 

systems will be based on multiple-input multiple-output 

orthogonal frequency division multiplexing (MIMO-

OFDM) [1] in order to deliver constantly increasing 

multimedia contents. MIMO-OFDM is a promising 

technique due to its different modulation schemes, 

implementation flexibility and robustness against channel 

frequency selectivity. In order to achieve a preset quality of 

service in MIMO-OFDM  

systems, channel estimation and detection techniquesare 

mandatory. In the literature, depending on the type of 

MIMO-OFDM system, several channel estimation and 

detection techniques have been proposed [2][3]. Bit error 

rate (BER) and implementation complexity are the main 

performance aspects when comparing their performances. In 

[2], reduced complexity single-input single-output OFDM 

(SISO-OFDM) channel estimation techniques have been 

proposed minimum mean square error (MMSE). The same 

procedure has been applied also to least squares (LS) type 

leading to an improvement in performance with a little 

increase in complexity. In this paper, an extension of these 

algorithms has been applied to MIMO-OFDM systems. 

Moreover, a rapid prototyping of these channel estimation 

techniques is proposed in order to compare hardware 

resources needed in case of FPGA implementations of these 

algorithms. The rest of the paper is organized as follows: in 

section 2, the SISO-OFDM and MIMO-OFDM systems are 
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introduced. Channel estimation techniques are presented in 

section 3. In section 4, simulation  results is presented . 

Finally, the conclusion is given in section 5. 

 

II.OFDM SYSTEM 

       A.SISO-OFDM  Structure 

 

In conventional SISO-OFDM, shown in Figure 1, a blockof 

N data symbols is fed into an inverse fast Fourier 

transform(IFFT) before cyclic prefix (CP) insertion in order 

to form anOFDM symbol. The CP, named also a guard 

interval, isinserted to mitigate the effects of intersymbol 

interference (ISI)caused by channel delay spread. The 

OFDM symbol isconverted from parallel to serial (P/S) in 

order to betransmitted. The impulse response of the 

multipath channel canbe represented by (1) 

 

g(t) =  𝛼𝑚𝛿𝑚  𝑡 − 𝜏𝑚𝑇𝑠 ………………………………….(1) 

where𝛼𝑚are complex valued multipath coefficients, 𝜏𝑚  

theircorresponding delays, 0≤ 𝜏𝑚𝑇𝑠 ≤ 𝑇𝐺 ,𝑇𝑠the  

sampling periodand 𝑇𝐺 the maximum channel delay.The 

received signal, obtained by channel convolution andwhite 

noise addition, is converted   

from serial to parallel (S/P).Then, an FFT is applied to the 

received signal after CPremoval. The output of FFT block 

can be modeled by: 

 

 

Fig1:SISO-OFDM System 

 

𝑦 = 𝐹𝐹𝑇𝑁  𝐼𝐹𝐹𝑇𝑁 𝑥  # 
𝑔

 𝑁
+  𝑛  ……….(2) 

Fig 3. Where # represents the cyclic convolution ,𝑥 =
 [𝑥0𝑥1  ……… . 𝑥𝑁−1]𝑇 ,   𝑦 =  [𝑦0𝑦1  ……… . 𝑦𝑁−1]𝑇 , 

𝑛 =  𝑛 0𝑛 1 ………𝑛 𝑁−1 
𝑇white Gaussian noise and  𝑔 =

 [𝑔0𝑔1  ……… . 𝑔𝑁−1]𝑇  . From [1] 

 

𝑔𝑘 =
1

 𝑁
  𝛼𝑚𝑒−𝑗

𝜋

𝑁
(𝑘+(𝑁−1)𝜏𝑚 ) sin⁡(𝜋𝜏𝑚 )

sin⁡(
𝜋

𝑁
(𝜏𝑚 − 𝑘))

 

𝑚

 

A SISO-OFDM system can be described as an N 

independent parallel channels : 

𝑦𝑘 = 𝑕𝑘𝑥𝑘 + 𝑛𝑘 , 𝑘 = 0 ………𝑁 − 1 

Where 𝑕𝑘  is the complex-valued channel fading coefficients 

given by 𝑕 =  [𝑕0𝑕1  ……… . 𝑕𝑁−1]𝑇  = 𝐹𝐹𝑇𝑁(𝑔)and 

𝑛 =  [𝑛1𝑛2  ……… . 𝑛𝑁−1]𝑇 = 𝐹𝐹𝑇𝑁 𝑛  .  

Or in a more compact form :𝑦 = 𝑋𝐹𝑔 + 𝑛 

Where X is a diagonal matrix with diagonal elements being 

𝑥𝑘  and FFT matrix: 

 

𝐹 =  
𝑊𝑁

00 … 𝑊𝑁
0(𝑁−1)

… … …

𝑊𝑁
 𝑁−1 0 … 𝑊𝑁

 𝑁−1 (𝑁−1)
 , 𝑊𝑁

𝑛𝑘 =
1

 𝑁
𝑒−𝑗2𝜋

𝑛𝑘

𝑁  

 

 Fig 2 :MIMO-OFDM Model
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B. MIMO-OFDM Structure

 

 

Recent research in information theory has shown that 

Multiple-Input Multiple-Output (MIMO) wireless 

communication systems can achieve high gains in capacity, 

reliability and data speed transmissions in future wireless 

communications [4]. This is achievable by exploiting the 

spatial diversity made possible by multiple antennas at the 

transmitter and the receiver; especially when the channel 

and array structures are such that the transfer functions 

between different transmit and receive

 

antenna pairs are 

sufficiently uncorrelated [5]. A simple MIMO-OFDM 

scheme is shown inFigure 2. It represents a simple extension 

of the SISO-OFDM

 

system. In all OFDM systems with 

frequency selective channels, an equalizer is mandatory. In 

this paper, a simple zero-forcing equalizer is considered [3]. 

In order to apply such equalizer, a channel estimation 

technique is necessary. Channel estimation techniques 

considered in this study are presented in

 

the next section.

 

 

III. CHANNEL ESTIMATION

 

 

When the channel is not available at the receiver, it can be 

estimated through the transmission of an N × 1 training 

sequence

 

𝑥𝑡𝑟𝑎𝑖𝑛 . We recall that an OFDM transmission 

involves multiple time-serial OFDM sequence 

transmissions, where the training data corresponds to a 

predetermined number of known OFDM sequences at the 

beginning of each transmission. In such a case the OFDM 

receiver incorporates the training sequence and the 

transmitter HPA transfer function to perform ML estimation 

of the baseband channel as follows.

 

The ML estimate of the channel vector c takes the form𝑐𝑀𝐿 =  

argmax𝑐 

 

𝑓

 

𝑦 |𝑐=𝑐 

 

(𝑦 )

 

Where 𝑦 

 

denotes the corresponding observation data 

vector.Since nis considered

 

AWGN, the maximization in 

(19) becomes

 

 

𝑐 𝑀𝐿

 

= arg min𝑐  𝑦 −

 

𝑐 ⊗

 

𝑡𝑔 2

 

       = argmin𝑐  𝑦 − 𝑊𝐻

 

𝑑𝑖𝑎𝑔 𝑊𝑐𝑧𝑝  

 

𝑊𝑡𝑔 
2

 

       = argmin𝑐  𝑦 − 𝑊𝐻

 

𝑑𝑖𝑎𝑔 

 

𝑊𝑡𝑔 

 

𝑊𝑐𝑧𝑝  
2

 

       = argmin𝑐  𝑦 − 𝑊𝐻

 

𝑑𝑖𝑎𝑔 

 

𝑊𝑡𝑔 𝑊1:𝑁,1:𝐿𝑐  
2

 

 

Where 𝑐 

 

𝜖

 

𝐶𝐿, 𝑡𝑔= 𝑔(𝑊𝐻𝑥𝑡𝑟𝑎𝑖𝑛 )  is the nonlinearly 

amplified inverse DFT of the training sequence,diag(v) 

denotes the diagonal matrix whose diagonal is the vector 

v,and 𝑐𝑧𝑝   is the zero padded channel impulse response.The 

above problem results in 

 

 

 

𝑐 𝑀𝐿

 

=

  

(𝐴𝐻𝐴)−1𝐴𝐻𝑦

 

 

 Observe that the ML estimate takes into account the PA 

nonlinear characteristics.
 

 Fig3 :BER versus Pin for plain OFDM, ML & Quasi-ML

 
 

 Fig4 : Main OFDM Simulation Plateform Characteristics

 
 

 Fig5 :BER performance of  ML Channel Estimation Technique for MIMO-

OFDM system with 2 transmit and 2 receive antennas

 

 

IV. SIMULATION RESULTS
 

To analyze the impact of reducing the complexity on
 channel estimation techniques in a MIMO-OFDM system, 

we have realized a Matlab simulation platform based on [6]. 

The main OFDM characteristics are summarized in table 1. 

To reduce the implementation complexity, several modified 

versions have been simulated in order to quantify the 

performance loss while reducing the complexity.  

Performance of channel estimation techniques cannot be 

solely compared in basis
 

of their BER but also in their 

hardware implementation. In this study, FPGA platform is 

thetarget and the algorithms are 
 
compared in terms of space 

required within an FPGA. AccelDSPallows us to rapidly 

synthesis a part of Matlab code of interest. 
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V.CONCLUSION 

 

Channel estimation techniques for MIMO-OFDM havebeen 

compared in terms of their BER performance and 

implementation complexity using rapid prototyping. This 

will allow us toincorporate different equalizers and analyze 

the impact in performance and complexity. 

- 

VI . ACKNOWLEDGEMENT 

 

I would like to express my heartfelt gratitude to my Guide 

Dr. Ramesh,Associate Prof, Electronics And 

Communication Engineering, CMR Institute of Technology, 

for his timely advice on the technical support and regular 

assistance throughout the review work. 

 

 

REFERENCES 
 

[1] G3GPP TS 36.211 V8.9.0, “3rd Generation Partnership Project (3GPP); 
Evolved Universal Terrestrial Radio Access (EUTRA); Physical 

Channels and Modulation (Release 8),” tech. rep., Dec. 2009. 
[2] J.-J. van de Beek, O. Edfors, M. Sandell, S.K. Wilson, and P.O. 

     Borjesson, “On channel estimation in OFDM systems, “ IEEE45th 

Vehicular Technology Conference, Volume 2, July 1995, PP. 815-819. 
[3] M Jiang, and L Hanzo, “Multiuser MIMO-OFDM for Next- Generation 

Wireless Systems,” Proceedings of the IEEE, Vol. 97, No. 5, 2007, pp. 

1430-1469. 
[4] A.J. Paulraj, D.A. Gore, R.U. Nabar and H. Bolcskei, “An overview of 

MIMO communications - a key to gigabit wireless,” Proceedings of the 

IEEE, vol. 92, Issue: 2, 2004, pp. 198-218. 
[5] A. Lozano and C. Papadias, “Layered Space-Time Receivers for 

Frequency-Selective Wireless Channels,” IEEE Trans. On 

Communications, Vol. 50, No. 1, January 2002, pp. 65–73. 
[6] J. Wang, and B. Daneshrad, “Performance of Linear Interpolation-based 

MIMO Detection for MIMO-OFDM Systems,” IEEE Wireless 

Communications and Networking Conference, Vol. 2, March 2004, PP. 
981 - 986. 

 

1694

Vol. 3 Issue 5, May - 2014

International Journal of Engineering Research & Technology (IJERT)

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV3IS051794

International Journal of Engineering Research & Technology (IJERT)


