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Abstract—Many software based OFDM techniques were 

proposed from last half decade to improve the performance of the 

system. This paper tried to implement the same with Hardware 

implementation. We created Hardware based MISO platform 

with OFDM. We implemented Alamouti algorithm on this test 

bed. The test bed is implemented with the help of Field 

Programmable Gate Array (FPGA). The test bed is 

functionalized with the help of FPGA through Xilinx based 

system generator for DSP. In this paper we considered the 2×1 

MISO implementation with Alamouti algorithm. The simulation 

results showed that BER and SNR are considerably high for 

MISO than SISO. The results also proved that proposed OFDM 

based Alamouti implementation for MISO is excellent in all 

performance criterions. 

 
Keywords—MISO, SISO, FPGA, Xilinx, BER, SNR, Alamouti, 

LTE 

I. INTRODUCTION 

HE Wireless systems are playing important role in the 

society with respect to information transfer from one 

system to other system with high data rates. In future, this data 

rate speeds need to be improved and hence many broadband 

wireless networks are introducing Orthogonal Frequency 

Division Multiplexing (OFDM). With this, network operators 

are expecting to achieve high data rates. The recent advanced 

technologies like Long Term Evolution (LTE) and its 

Advanced (LTE-A) version is also using OFDM [9,13]. The 

efficiency of the service of a broadband wireless networks 

depends on the use of multiple antennas at transmitter/receiver. 

Multiple Input Multiple Output (MIMO) is one such 

technology to improve the performance of the system and also 

to mitigate the channel fading. By incorporating multiple 

antennas at both transmitter and receiver, we can improve the 

capacity of the system [22]. 

With MIMO, we can achieve antenna diversity and also we 

can increase multiplexing gain. This paper mainly focused on 

the antenna diversity technique. In [6,10], the authors proposed 

space time frequency coding schemes to implement MIMO at 

the transmitter with multiple antennas and the design of 

receiver with efficient signal processing. In [27], they 

proposed space time frequency coding with the combination of 

OFDM to achieve MIMO optimization.  

We come across various test beds in the implementation of 

OFDM systems based on Software Defined Radio (SDR). One 
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test bed which gathered our attention is the implementation of 

OFDM modulation with synchronization technique and error 

controlling phenomenon as explained in [16]. In [1], to transfer 

OFDM signals with Quadrature Phase Shift Keying (QPSK), 

they used GNU radio. With this analysis they found packet 

received radio of the system to analyze Quality of Service 

(QoS) issues. In [21], they proposed various possible WARP 

platforms to implement MIMO. In [17], the authors 

implemented OFDM system with Alamouti block code. In this 

work, they mainly focused on 2×1 (transmitting antennas =2 

and receiving antenna =1) Multiple Input Single Output 

(MISO). In [7, 21], the authors designed high level models 

using Xilinx operated FPGA system for 802.11a and 802.16 

modulators. In [13], they made an attempt to implement LTE 

communication standards. In this paper, we are presenting the 

SDR system in the implantation of both pre-coding and post-

coding. We considered the Single Input Single Output (SISO) 

platform to design reconfigurable OFDM transceiver. This 

transceiver interfaces the Up/Down converter to the Radio 

Frequency unit. Here, we are considering this platform to 

implement the Alamouti techniques.  

Frame synchronization is very important at the receiver side 

and it will determine the channel estimation parameters and 

provide channel equalization. The information or state of the 

channel is required for pre and post processing algorithms. 

Hence, we can conclude that, for a better optimization receiver 

should have 2 features, one is synchronization and the other is 

channel estimation. Synchronization should be achieved 

between the received RF carrier (RF-C) and local oscillator 

(LO). This will happen only when the receiver approximate 

frame arrival time and frequency off set (between LO and RF-

C). Like other existed systems, 802.11a/g, this system does not 

train any sequence to achieve Time Domain Synchronization 

(TDS).In general an OFDM symbol will carry information 

about both coded data (Information) and control data. The 

receiver has the prior knowledge about the transmitted value of 

carrier in symbol. The coded data should be codified in such a 

way that the system is reconfigurable. To achieve this 

reconfiguration, an OFDM symbol is coded in the order of 

data, zeros and pilots. In [32], the authors attempted to design 

optimum SISO-OFDM chain based on LTE. In our proposed 

analysis, we consider this arrangement as a primary reference. 

We introduced two transmitting antennas are placed instead of 

single antenna as implemented in SISO.  

The proposed system aims at designing of efficient 

reconfigurable OFDM receiver with the help of FPGA. With 

this design, our objective is to achieve Time Synchronization, 

channel estimation and optimum Zero Force (ZF) 
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equalizations. The proposed system is a high level design with 

the help of simulink, Matlab, FPGA and Xilinx. In the next 

sections, we explained OFDM transceiver implementation with 

the help of FPGA. We also explained the modified MISO from 

existed SISO using Alamouti algorithm. Finally, we 

implemented test bed and shown some of the validation 

results. 

II. OFDM TRANSCEIVER 

The following section explains about the convention SISO 

OFDM implementation. 

A. Transmitter 

The figure 1 shows the basic architecture of OFDM 

transceiver. Here, we used M-QAM modulation. Transmitter 

should be in a way that the codified OFDM symbols should be 

assembled in a flexible way to transmit and each symbol has 

the data and pilots to the sub-carrier and are mapped in a 

codifying vector. These set of vectors will represents the 

symbol type. There are various symbol types may generated, 

as an example one for synchronization and other for only data 

carrier information.  

 

 
 

Fig. 1.  OFDM Transceiver 

 

The following figure 2 will give you overlook on 

implementation of flexibility in our system. Here, carrier index 

is given to ROM, where it has address of frequency carriers 

and be saved in a matrix form. the matrix has rows and 

columns, where rows represents subcarrier index type and 

columns have addresses and symbols. ROM codifies the 

available information in such a way that the specific carrier, 

data, pilots and zeros are in the proper order. In this total data, 

the least significant 10 bits has the information regarding 

frequency carrier index value.   

We used 2 multiplexers here to observe how the sequence is 

formed  with the  attributes  of data, pilots and zeros are placed 

 

 
 

Fig. 2. Assembly block Diagram 

 

in symbol. As we already told, symbols has many types, hence 

based on the type of symbol, multiplexer 1 will select 2 bits 

out of 4 bit column matrix.  
 

[𝑏13𝑏12][𝑏11𝑏10][𝑏9𝑏8 … . 𝑏2𝑏1𝑏0] 
 
 
 
Selection of column depends on 2 factors, they are  

• Sequence of symbol types in frame 

• How symbols are stored in sequence register 

From the figure 2, we can observe that the multiplexer 2 

depends on multiplexer 1 output and then multiplexer 2 decide 

to multiplex data, pilots and zeros. This data placed in the right 

sequence to fill the symbol memory. This set up allows 

accommodating different types of symbols. In transmitter we 

are generating data by using Inverse Fast Fourier Transform 

(IFFT) of QAM symbols. This modulation scheme is 

implemented with 1024 sub-carriers.  

B. Receiver 

In MIMO, the receiver function is more complicated than the 

transmitted part. It involves with many functions includes 

synchronization of received signal, frame detection and error 

detection and correction. Now, we will explain how all these 

complicated tasks handled by our receiver with respect to 

above defined conditions. 

C.  Time Domain Synchronization 

In wireless network operating system, transmitter and receiver 

has their own local oscillators and both are independent of 

each other. But, efficient demodulation requires 

synchronization. The received bits have the information of 

start bit, end bit and transmitted information. Now, the 

transmitted information should synchronize with the receiver 

with respect to time or frequency.  

 

𝑟(𝑘) = 𝑠(𝑘 − 𝜏)𝑒
𝑗2𝜋𝜀𝑘

𝑁 + 𝑛(𝑘) 

Where ε represents Carrier Frequency Offset (value to be 

normalized) and τ is the time which represents information 

about frame arrival time. S(k) id the total signal which is 

transmitted from the transmitter and N represents the total 

data                        address 



HARDWARE IMPLEMENTATION OF MISO ON ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING PLATFORM … 139 

 

number of available samples. Here k value ranges from 0 to 

1023, i.e. 1024 sub carriers and is also called as a sample index 

of symbol and n(k) is the noise entered into the system. In this 

paper, we assumed additive white Gaussian noise. Moose in 

[2] and Beek in [28] proposed a simple model to calculate 

received signal at receiver. In [18], the authors introduced a 

robust algorithm with the method of preamble repetition.  

In our paper also, we used the method of preamble repetition 

along with the help of Zadoff-Chu (ZC) sequences. This 

sequence used at frame starting point to make synchronization. 

ZC sequence has excellent autocorrelation properties and this 

technique is a part of 3GPP. Beek algorithm was used in our 

method due to low complexity and is shown in figure 3.  

The time domain synchronization is always a challenging task 

and can be handled with the help of an algorithm 3 steps. This 

proposed algorithm used the concept of Beek algorithm and 

the subsystem created fir its purpose and adapted to the frame 

pattern as shown in figure 4 is illustrated in figure 5. Beek used 

the correlation of CP with correlation with CP Delay. In this  

process, if we find out any repeated pattern, then the peak is 

observed and it indicates that the frame is arriving and the 

resultant phase difference between these two patterns will give 

carrier frequency offset.  

This algorithm consists of 2 parts, i.e. in one part, we 

calculated energy term and in other part, we calculated 

correlation term. These two parameters are essential to 

calculate arrival time and frequency offset. The following 

equations will give information about energy term and 

correlation term. 

 

𝑒𝑛𝑒𝑟𝑔𝑦 =
𝜌

2
∑ |𝑟(𝑘)|2 + |𝑟(𝑘 + 𝑁)|2

𝑚+𝐿+1

𝑘=𝑚

 

 
 

𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 =  
𝜌

2
∑ |𝑟(𝑘)| ∗ |𝑟(𝑘 + 𝑁)| 

𝑚+𝐿+1

𝑘=𝑚

  

 

Estimation of channel is an important task and also challenging 

task. With this, we can mitigate fading effects at the  receiver 

 also.

 

 

 

   
Fig. 3: Beek model for Synchronization 

 

 

 

 

  

   
Fig. 4. Beek estimation with the help of XILINX system 
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Fig. 5. Frame format of 2 antennas 

 

Spectral efficiency of any OFDM system depends on the 

Channel State Information (CSI). The proper estimation of CSI 

depends on demodulation and decoding process. We should 

find the channel response at all available carrier frequencies in 

decoding process. The defined synchronization algorithm also 

defined the phase offset ambiguity. Channel estimator initially 

estimate frequency offset correction and the same can be 

eliminated in equalization process.  

In this paper, we used common rectangular pilot pattern. We 

implemented the 12 symbol OFDM in which 1st, 5th and 9th 

symbols represents pilot sequence. As explained in [8, 12], to 

achieve Minimum Mean Square Error (MMSE), all existed 

pilot carried carriers should be equidistance from each other 

and also be equally power up (all existed sequences).  

From the above analysis, we should note down that the 

consecutive pilots are separated by 6 sub-carriers. The frame 

structure is shown in figure 6. In [3, 23, 31], authors proposed 

the channel estimation algorithm. Extrapolate edge carriers as 

explained in [19, 30] are the complex issues which may rise in 

estimation. To overcome this problem, the proposed frame 

structure is defined with pilots at both edge sub-carriers.  

In this paper, LS estimator algorithm [24] is used in the 

estimation of pilot subcarriers. This is the conventional 

channel estimator which does not take any advantage of 

correlation of channel across subcarriers in frequency. This 

also has the advantage of complexity reduction in 

implementation process. This requires only two simple 

mathematical operations such as inversion and multiplication. 

For kth pilot, the received subcarrier p(k) can be expressed as  

 

𝑢(𝑘) = 𝑠(𝑘)ℎ(𝑘) + 𝑛(𝑘) 

 

Here, h(k) represents the channel values which is effecting the 

kth pilot sub-carrier. The output of the LS estimator can be 

given as 
  

ĥ(𝑘) =
𝑝(𝑘)

𝑠(𝑘)
= ℎ(𝑘) +

𝑛(𝑘)

𝑠(𝑘)
 

 

In [23] and some other works, the channel estimation output 

deals about both data subcarrier and pilot sub carrier. In case 

of our proposed method, it only estimates the information 

about pilot subcarriers. Now, we have to estimate the 

remaining sub carriers information i.e. data sub carriers. It can 

be done very easily by increasing the current channel 

estimation to the nearest pilots in frequency domain and if 

necessary in time domain also. In this paper, we used both time 

and frequency domains. This method can be only useful if the 

correlation of neighboring CFR is almost similar. That means, 

this is only an acceptable solution where the channel 

characteristics varies very slowly and where the delay spread is 

very limited. We used linear interpolation method with respect 

to frequency domain to design the transceiver. The similar 

model is implemented in [14, 29], they used primary order 

polynomial to define the line which can bifurcate the two 

neighboring points. This method is improvisation of [20]. If 

the designer focused on accuracy of the system, we should use 

the higher order systems as explained in [5, 11 and 25]. 

III. MISO WITH ALAMOUTI ALGORITHM 

In this section, we explained the implementation of Alamouti 

algorithm. We implemented this algorithm with the help of 

SISO hardware. This platform is very useful to encode 

transmitted signals and also to decode the received signal. The 

proposed system requires both pre and post processing at both 

ends of the system. Antenna diversity is implemented with the 

help of Alamouti encoding and decoding. This implementation 

does not focus on higher data rates but focused on link 

robustness. This should be achieved without increasing the 

bandwidth of the system and also the power of the system. 

Here, we used 2 transmitting antennas and 1 receiving 

antennas. The system has gain of 2 with uncorrelated condition 

channel. The designed code at transmitter is a simple code 

generated with the help of spatial and time diversity. We used 

linear decoding at the receiver side with low complexity.  

A. Alamouti Transceiver 

The following figure 6 represents transmitter and receiver 

architectures. We used the same hardware components of 

SISO OFDM and additionally added Alamouti encoder and 

decoder blocks. We focused on MISO, so SISO converted to 

MISO by changing the position of transmitter after the encoder 

block. Channel estimation can be done with the help of pilots 

carried by OFDM symbols. These symbols should have in 

each branch and their respective pilot sub carriers are placed in 

non-coincident indexes. In each branch, the OFDM symbol, 

pilot occupied 6th position and between two pilots, zero is 

transmitted. In the next branch, we interchanged the positions 

of pilots and zeros. With this arrangement, we can estimate the 

channel at the receiver. Two different channels can be 

estimated with two different pilot sub carriers.   
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Fig. 6. Alamouti Transceiver 

 

B. Alamouti encoder/decoder 

The process of coding consists of 2 set of codes, they are code 

1 and code 2. Code 1 gives information about transmitter 

without any modifications and code 2 is Alamouti code. For 

the defined frequency k, antenna 1 can define sequence sk and 

antenna 2 can define the sequence sk+1. For the frequency 

k+1, antenna 1 can define the sequence in relate to the antenna 

1 as –sk+1 and antenna 2 can define the sequence to the relate 

of antenna 1 code as sk*. This defined implementation needs 

data time sequence swapping between 2 symbols. This 

swapping can be performed with the help of following circuit 

as shown in figure 7. 

 

 
 

Fig. 7. Time sequence reversal process 

 

Initially, we should create 2 sequences in such a way that one 

sequence to be in delay with other sequence. Then using 

multiplexer, we can perform sampling alternatively. With this 

time order of sequences can be achieved. Additionally, we 

need counter to count between zeros and ON.  

 

C. Channel Estimation 

To decode, one should require channel estimation. Channel 

estimation can be done only with the help of transmission 

between antenna 1 and receiver and also between antenna 2 

and receiver. We used QPSK modulation to resolve this 

problem. Antenna 1 should transmit symbols where the pilot 

subcarriers of antenna 2 are set to zero. We should observe 

relative index of two pilot subcarriers by two positions. This 

means that when antenna 1 is transmitting data, antenna 2 set 

to be null and follows vice-versa. 

IV. NUMERICAL RESULTS 

For simulation analysis, we considered MISO SDR platform. 

In this we assumed 2 transmitting antennas and 1 receiving 

antenna. Alamouti algorithm is implemented on transmitter. 

We used Rayleigh channel model to model the channel 

between transmitter and receiver. The channel modeling 

analysis is done with the help of simulink. We used MATLAB 

to find out the filter coefficients. Initially we considered 

Additive White Gaussian Noise (AWGN) spread over the 

channel and we calculated Bit Error Rate (BER). In next 

scenario, we considered SISO with Rayleigh channel 

modeling. In other scenario, we considered 2 transmitting 

antennas transmitting to one receiving antennas with Rayleigh 

channel model. The following figure 8 will give you outlook 

on MISO Alamouti comparison with SISO.  

 

  
 

Fig. 8. SNR Vs BER for MISO, SISO 

 

MISO system simulation assumes Gaussian channel because 

two channels will improve the performance of the network.  

 

A. Hardware Platform 

We used 2 Xilinx boards to implement this set up. One board 

is for transmitter and other board is for receiver. Transmitter 

was connected via LPX and HPC interfaces. RF board has the 

features of modulator and demodulator, Digital to Analog 

Converter (DAC) and Analog to Digital Converter (ADC) and 

other basic modules.  
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Parameters and their Specifications 

Oscillator frequency = 7.9MHz 

Base band frequency = 15 MHz 

Scheme = QPSK 

Separation between carriers  =18 KHz 

Bandwidth =  10 MHz 

FFT length = 1024 

V. SIMULATION RESULTS 

We simulated Digital Signal Processor using system generator 

to validate the working of algorithm. For channel simulations 

between the transmitter and receiver, we used different lengths 

of cables and a power combiner.  The following figure 9 shows 

the ADC output at receiver end. 

 
  

Fig. 9: ADC signal at the receiver input 

 

This signal represents the received signal with the combination 

of two transmitting inputs. From figure 9, we can also observe 

that there are many peaks existed; this is due to frequency 

pilots.  

 

 
 

Fig. 10. OFDM symbol offset before compensation and after compensation 

 

 
 

Fig. 11. QPSK constellation after decoding and equalization 

The following figure 10 represents the estimated channel 

between antenna 1 and receiver and antenna 2 and receiver. It 

also shows about the phase and amplitude of the received 

signal. The simulation results are observed as flat frequency 

response curves with respect to magnitude and phase. The 

figure 11 shows the working of encoder and decoder. These 

results are shown the expected results which indicate the 

proper function of encoding and decoding blocks. 

VI. CONCLUSION 

In this paper we presented Alamouti scheme implementation 

with the help of FPGA. The Alamouti scheme may simple for 

simulate but it requires enough attention to implement in a 

hardware platform. The real time test bed was implemented 

and analyzed with the help of Xilinx system generator for 

DSP. The simulation results showed that BER and SNR are 

considerably high for MISO than SISO. The results also 

proved that proposed OFDM based Alamouti implementation 

for MISO is excellent in all performance criterions 
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