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ABSTRACT 
 
 With the rapid growth of Radio frequency identification (RFID) in wireless communication, many 
technologies have been invented and used to improve communication performance. One of those technologies is 
the multiple-input single-output (MISO) which transmits and receives information with more reliability by using 
multiple antennas at receiver side. In this paper, software defined radio (SDR) simulation model were developed 
including transmitter, channel and receiver with match filter. The performance of MISO system for RFID signal 
is evaluated using SDR program by bit error rate (BER) and signal-to-noise ratio (SNR) for different diversities 
under fading channel. 
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Introduction 
 
The MISO is used in the multiple antennas at the transmitter end of a wireless communication system to 
improve communication performance. It is the extension of smart antennas system and can achieve capacity 
increases, under multi-environment, that vary linearly with the number of antenna used without increasing 
premium bandwidth or power. It can also offer increased diversity advantages over traditional wireless systems 
(Islam et al., 2009; Li et al., 2009). 
 In recent years SDR-based wireless communication became the preferred methodology for designing and 
simulating complex technical systems. Designs of embedded systems, like RFID readers, are often based on the 
development of a detailed formal system specification, whereby an expectably high effort is often spent to 
ensure the correctness of their specifications (Hannan et al., 2010; Pei et al., 2010). 
 The complexity of RFID simulations involve special purpose of the SDR systems that are carried out as 
embedded multi-processor systems. There are two challenging tasks in such environment are considered such as 
the development of an accurate model, which follows all real requirements precisely and to obtain a flexible and 
high performance SDR system. A recent framework has been developed for a RFID system validation with the 
stress on the antenna parts of the transmitter and the receiver in Rykaczewski et al., (2005). 
 MIMO is one of the key technologies in wireless communications for the high capacity. It can achieve 
compared to the conventional communications (Bellorado, et al., 2006; Kim et al., 2010; Wallace et al., 2006). 
However, in point-to-point wireless links, MISO systems utilize multiple antennas at receivers that can 
considerably increase the link capacity as well as link reliability compared to conventional single-input (SI) 
systems in Zangi and Krasny (2006). The advantages of MISO originate from the multiple spatial channels, 
which are provided by the multiple antennas together with the scattering environment surrounding the 
transmitters, TX and the receivers, RX, respectively in Goldsmith et al., (2003). 
 In this paper, MISO system is developed based on SDR workbench for multiple RFID signals to investigate 
the performance of the proposed system. The developed system is generated the data by SOURCE, then 
modulated and coded into symbols to be transmitted by TX. Signals are passed through channel, CH where 
fading and noise are introduced. Transmitted bits are detected at RX and sent to SINK, where BER result is 
calculated and evaluated the system performance. 
 
SDR Framework: 
 
 The main focus of this paper is to design the SDR prototype that would be used to simulate several RFID 
scenarios. One of the main scenarios of the system is to monitor the object and collect the data coming from the 
readers paced along the object, analyze those, calculate the object location, velocity and then determine whether 
there is a congestion or not. 
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 The SDR workbench is executed into three phases considered as initializations of all functions and 
parameters, data transmission and results calculation. There are five main modules in the SDR workbench such 
as SOURCE, TX, CH, RX and SINK, as shown in Fig. 1. 
 The SOURCE generates data bits that are to be transmitted. Then the data bits are encoded and mapped into 
symbols in the TX before they are sent to the antennas. Through CH, the discrete-time signal is received at the 
RX, where the data bits are detected. The results such as BER and spectral efficiency are computed in the SINK 
in graphical format. The TX and RX consist of several generic sub-modules such as bit processing unit (BPU), 
symbol processing unit (SPU), digital random units (DRU) and analog random units (ARU), respectively which 
are dedicated for channel estimation and link adaptation for the purpose of adaptation.  
 Since TX and RX have complicated signal processing procedures, it is necessary to divide them into sub-
procedures that are treated separately by sub-modules. For example, in TX, BPU T include all the bit processing 
units like data bit scrambler, convolution channel coding and block inter-leave. SPU T deals with the symbol 
processing part. It maps the bits into symbols and operates some application specific functions like MISO 
encoding. DRU T is comprised of the blocks that are located before the DA-converter such as RFID modulation, 
interpolation and channel filtering. ARU T includes the DA-converter, frequency translation, power amplifier 
and transmitter filter. At the receiver, the sub-modules such as BPU R, SPU R, DRU R and ARU R are function 
in reverse order of the transmitter. 
 The CH is made up of three sub-modules such as generator channel (GCH) to generate the complex valued 
channel matrix, Forward channel (FCH) is used to feed the transmitted signal through the GCH and backward 
channel (BCH) feedback signal from RX to TX which is used in an adaptive system that needs channel state 
information at the transmitter. 
 

 
 
Fig. 1: Block diagram of the SDR Workbench. 
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SDR Control: 
 
 The SDR workbench control interface is deals with adaptive transmission that adjusts the transmission 
parameters such as rate and power depending on channel state information (CSI). As the transmission starts, CH 
is called to generate channel response samples, according to the selected channel model. Channel estimation is 
carried out with the assistance of training sequences. Based on the estimated channel, the channel quality is to 
be identified. If bad channel quality is detected, a new channel realization is generated and followed by the same 
route as described above. If the channel quality is good, the best suited transmission parameters are fed back to 
the transmitter. Data transmission is initiated based on the feedback information. We assume the channel 
remains unchanged; thereby the same channel realization is to be used. At the receiver, the estimated channel 
from the previous estimation is employed for reverse detection.  
 The loop is a parameter in the control interface to get an average measure of the performance for each SNR 
point. Since the transmission depends on the estimated CSI from the receiver, the execution of data transmission 
is placed after the channel estimation. To improve the program efficiency and get error-free channel estimation, 
the channel estimation by using preamble is substituted by ECH. Based on the perfect CSI obtained from 
estimated channel, the transmission parameters such as modulation order are computed by estimation and 
adaption units. If the effective SNR is lower than the cut-off threshold, then no data is going to be transmitted 
and a new channel realization starts. Otherwise the transmission parameters are fed back through BCH to TX 
and a conventional transmission is carried out. 
 
Results and Discussion 
 
 Based on the RFID generated bit sequence and the reconstructed bit sequence, the performance of the 
system obtained through plotting the bit error rate (BER) versus signal-to-noise ratio (SNR). Multiple antennas 
at transmitter and single antenna in receiver sides are used to mitigate the effects of fading over a 
communication link. Generally, MIMO needs a high channel capacity due to multiple number of receiving 
antennas. However, the proposed MISO systems offer a smaller capacity gain than that of MIMO systems as 
shown in Fig. 2. 
 It can see that the multiple antennas with nt=2 and nr=3 provides a higher gain than that of MISO. While, it 
changed the number of antennas to nt=3 and nr=2, with keeping same diversity, it is seen that the gain is parallel 
to each other, but still higher compare to MISO. Several MIMO channel capacity between different diversities is 
compared. Thus, it can conclude that MISO system is always lesser gain than that of MIMO gain, which is more 
flexible to transmit the signal. 
 Again, the bit error rate (BER) over different diversities is plotted to see whether the MISO system gives 
better performance compared MIMO in terms of gain as shown in Fig. 3. The vertical axis is the bit error rate 
and the horizontal axis is the signal to noise ratio in dB of the RFID signal. These plots reveal two things. 
Firstly, data rate and bit error rate are increased with the same signal to noise ratio. Followed by higher the 
spreading gain factor is the more diversity order. It is seen that the MISO system depicted the lower the bit error 
rate than that of MIMO. Again, it can be explained the black color plot represents the frequency and temporal 
diversity gain with factor of 4, red color plot stands for the temporal diversity gain with factor of 2 and blue 
color plot corresponds to diversity gain with factor of 1, i.e., there is neither frequency nor temporal diversity. 
Thus, it is concluded that the black plot or MISO system has the lowest bit error rate while the blue plot has the 
highest bit error rate at the same signal-to-noise ratio. 
  

 
 
Fig. 2: Capacity comparison of several multiple antenna systems. 
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It is seen as the data rates decrease, the performance curves of the red and blue plots move closer to each other 
in low SNR as shown in Fig. 3. This is due to the same number of transmit and receive antenna such as nt=3, 
nr=3 and nt=2, nr=2. Thus, the proposed SDR based MISO system is better than MIMO system in terms of the 
BER vs SNR ratio. 
 

 
 

Fig. 3: Performance of MISO in term of BER vs SNR. 
 

Conclusion: 
 
 In this paper, RFID simulation based on SDR is designed for MISO system. The simulation has been used 
to test BER performance degradation for fading channel at different diversities. The obtained results show that 
MISO has the best performance in term of BER under different capacity channel, which indicate the 
performance of proposed SDR is better than conventional transmitting system. Thus, it can be concluded that 
the use of multiple antennas at the transmitter can improve the received SNR of the RFID signal and also 
provides noteworthy improvement of BER characteristics of the MISO system. 
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