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Abstract : 
 

This paper presents, optimal design for the software defined radio (SDR) based Field 
Programmable Gate Array (FPGA) using modern software programs from Mathworks and 
Xilinx. The SDR mode have to be used which is extremely in meeting the increasing 
demands of the wireless communication and mobile industry. Nowadays, all digital 
communication systems need to easy adopted with more complicated coding and 
modulation techniques. The shortest and efficient paths to design an FPGA using 
MATLAB, Xilinx System Generator, ModelSim, synplify Pro and Integrated Software 
Environments (ISE) software tools is introduced in this research. The floating point design 
in MATLAB has been moved to fixed point values using the most attractive and friendly 
Xilinx Digital Signal Processing (DSP) system generator software a model based approach 
associated with assistance software from Mathworks and Synplicity. Result obtained shows 
an important utilization in Look Up Table (LUTs) and Slices in FPGA design.  
Keywords- FPGA , SDR, MATLAB, System Generator, ISE 
 

  التصمیم الامثل للنظام الرادیوي المعرف برمجیا باعتماد مصفوفة البوابات المبرمجة
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  :الخلاصة 

 

 باعتماد مصفوفة البوابات المبرمجة (SDR)التصمیم الامثل للنظام الرادیوي المعرف برمجیاھ البحث یقدم ھھذ
 تتصالاالا في الطلبات المتزایدة لتامینستعمل بشكل ملحوظ ت نا بجی (SDR)تقنیة  .البرامجیات أحدث باستخدام
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، في ھذه لذلك. ،تبني تقنیات تحمیل وتشفیر أكثر تعقیدا ل الرقمیة الاتصالأنظمة  لكللسماح ل النقالة  والصناعة لاسلكیھا
 مولد النظام من خلال استخدام برنامج مصفوفة البوابات المبرمجة صمیمه لتق الأقصر والكفوءیالطر یعتمد على ،بحثال
تمثیل میم تص. ھ مدقم أدوات برامج و )المتكاملة بیئات البرامج ( pro ISE , MATLAB , Synplifyو ModeSimو

شیوعا وحداثة المتمثل بقاعدة المعالج  كثرالأ باستخدام البرنامج الثابتة  القیمإلى  یحول ماتلاب برنامج في  الإعدادقیم 
النتائج التي تم الحصول .ورموزھا یمكن اكتشافھا بالاعتماد على دائرة قفل الطور  الإشارةحاملات  إن.  للإشارةالرقمي 

تصمیم مصفوفة البوابات  في  (Slices)والشرائح (LUT)تحسین وتقلیل عدد الجداول إمكانیةعلیھا تؤكد  على 
  . المبرمجة

 

1. Introduction 
 

The SDR offer a flexible wireless communication resolution for a extensive range of 
claims, as well as cellular phones, Global System of Mobile (GSM) and military 
communication radios [1]. Since all hardware is physically automatic using software turn out 
to be fairly easy and make the SDR extremely cost effective [2]. In the surrounded applications 
of communication systems, the Field Programmable Gate Array is extensively used due to its 
reconfigurability. The very important preference of SDR claimis FPGA because it’s not 
required hardware change out and increase the device life by repair data stream file. The level 
of investment an entire system is FPGA developed on a single chip, while permit in platform 
testing and correcting of the system. Additionally, it present an opening of utilizing hardware-
software co-design to extend a high performance system for unusual applications by 
excluding processors  for definite software functions [3-6]. The digital design of FPGA can be 
realize by using Hardware Description Languages (HDL) which involve more information 
and skills in the tools such as VHDL and Verilog. The environment for model-based design in 
MATLAB/simulink is almost cover all industrial and scientific areas [7]. In 2008, the 
Implementation of a BPSK Transceiver on Hybrid Software Defined Radio Platforms is 
proposed by [8]. The number of slices and LUTs occupied by this research is quit high in 
which the power consumption will be high also. However, Multi-Standard Programmable 
Baseband Modulator For Next Generation Wireless Communication is presented by [9] which 
is used extremely low LUTs in the FPGA design. At 2012, the Dynamic Reconfiguration 
Technologies Based on FPGA in Software Defined Radio System is proposed by [10] with low 
slices and LUTs.   

In this paper, the Xilinx digital signal processing (DSP) tool in system generator is 
investigated with graphical interface environments based MATLAB/ simulink and block set 
of DSP cores is used to model the DSP system. The model based SDR system is designed and 
implemented using FPGA. The conventional design flow go behind for this work is clarify 
during the block diagram as shown in Figure(1) [11]. Firstly, MATLAB/simulinkblock set has 
been used to build up a software model for the system followed by hardware physically in 
Very High Speed Description Language (VHDL)  and validate its practical simulation using 
ModelSim. Subsequently, this VHDL model is ported into the MATLAB –Simulink model 
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using System Generator block set talent. The functional of hardware is validate with the data 
generated from the model. The Xilinx integrated software environment (ISE) tools be used to 
implement the design  on Xilinx FPGA vertix-4. In the early 1990s, the FPGA began to 
approach gate counts and speeds of Application Specific Integrated Circuit (ASIC), although 
ASIC remains superior for both parameters. However, when FPGA reached a semi-equivalent 
status, it became more attractive than ASIC for design and development work, due to its 
flexibility and reprogram ability [12]. With efficient massive parallel MAC (Multiply-
Accumulate) structures, FPGA quickly became the method of choice for most of the Digital 
Signal Processing (DSP) algorithm implementations leading to high level of integration of 
various functionalities. However, the design flow for DSP algorithms and digitallogic design 
via FPGA.s did not develop in unison. The DSP design flow is much shorter. One of the most 
world-renowned software tools for DSP algorithm design is Matlab, produced by 
MathworksInc [13]. Many companies researching and developing DSP, controls, and 
communication algorithms currently realize all of their high level modeling in Matlab, 
including all of the necessary test harnesses. In some cases, especially for real time 
applications, these designers would utilize a subprogram of Matlab, called Simulink. Simulink 
is a block diagram approach (connect boxes together) to system modeling that allows for 
modeling of streaming data, multi rate systems, and other numerically application intensive 
areas [14].The issue that arose was that there was a gap between the Matlab/Simulink design 
flow, and FPGA design flow, as is illustrated by Figure(1) [15]. In conventional approaches, 
the digital designs on FPGA are implemented by using hardware description languages, 
which requires prior knowledge and experience in the tools such as VHDL and Verilog. In 
our preliminary investigation, it has been shown that the FPGA-based embedded system can 
be efficiently designed using Xilinx Vertix-4 kits and Verilog together. The Xilinx tools 
enable the designer to focus on the design in system level, instead of struggling in the details 
of programming. However there is still a long learning curve to be familiar with these new 
tools. MATLAB/Simulink is an environment for model-based design, which covers almost all 
industrial and scientific areas. It is worthwhile to bridge over MATLAB/Simulink and FPGA 
design [16]. 

Designers needed the parallel processing advantages offered by FPGA implementation. 
However, there was no software suite of tools that would allow a DSP algorithm designer to 
interface directly with an FPGA system architect. Furthermore, there was no streamlined 
process to verify equivalency of a hardware implemented DSP algorithm against the original 
test harnesses used in MATLAB. To solve this separation in design flow issue, a new 
electrical engineering work force skill began to be requested by companies around the world 
who specialized in both DSP algorithm development and FPGA design. This skill was the 
ability to execute brute force translation of MATLAB and C++ code into Verilog or HDL [17].   
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Fig .(1)  HDL Verifications of DSP and FPGA Design Flows [11]. 
 
 

2. Proposed FPGA Design Flow 
 

In this section, the design method and investigational setup of the FPGA design flow is 
approved as shown in Figure (2). Software and hardware for SDR model  was designed at 
register transfer level (RTL) manually in HDL. This is qualified by summarized the HDL 
code in the Xilinx block set from Xilinx system generator library. The hardware block is 
coupled to the simulink data during Xilinx gateway blocks  for input and outputs. The 
functionality of hardware is confirmed by using HDL code. This methods permit to 
simulating hardware blocks with MATLAB simulink blocks design. The outcome of HDL 
simulation are changed from double precision values ( floating point)  to fixed point  
arithmetic values using output gateway blocks and passed through the block connected to the 
SDR model. The latency due to hardware is built-in in the model design by using delay block. 
The verification process between floating point and fixed point were done before connect 
together to become integrated design.  
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Fig .(2) : Proposed FPGA design flow 
 

 
 
2.1 Simulink Model  

 

To ensure and prove the proposed FPGA design path, an SDR model is designed and 
modeled using MATLAB and System Generator as illustrated in Figure (3). The model 
consist the transmitter, channel and receiver including all necessary part like modulation and 
filtering.  
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Fig .(3). SDR Model Using MATLAB and System Generator 
 
 

2.2 Floating-to- Fixed Point Design 
 

The majority realistic FPGA designs are incomplete to limited precision signal 
processing using fixed-point arithmetic because of the cost and complexity of floating point 
hardware. The  mapping applications against FPGAs,a DSP algorithm designer, who 
frequently build up his applications in MATLAB, must find out the dynamicrange and 
preferred precision of input, intermediate and output signals in a design implementation to 
ensure that the algorithm reliability criterion are meet. The initial step in a flow to drawing 
MATLAB applications into hardware is the exchange of the floating point MATLAB 
algorithm into afixed point description using system generator. The floating point calculation 
in MATLAB can be  transformed to a fixed point of exact accuracy for hardware design using 
system generator. The methods have been included in the Accel FPGA behavioral synthesis 
tool that reads inhigh-level descriptions of DSP applications written in MATLAB, and 
generates synthesizable RTL models in VHDL or Verilog by system generator and mapped 
onto the Xilinx Virtex-4 FPGAs. Tow phenomenon could happen through the floating point to 
fixed point transition, overflow and quantization error. To simulate the simulink model via 
system generator design, the signal have to convert before they reach any Xilinx blocks 
devoted for hardware. Therefore, they first converted from double precision floating point 
values to fixed point values represented in binary format with decimal for hardware accepted 
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as shown in Figure (4).  In this case, the total number of bits is 12, and the binary point is 9, 
leaving 2 bits for integer plus the sign bit. Quantization shown in the right side of Figure 3, 
always occurs in the floating point to fixed point conversion process, since there must be 
some limit set to the number of decimal places that are kept for hardware representation.  In 
this case,  the whole number of bits is 12, and the binary point is 9, leaving 2 bits for the 
integer, plus the sign bit. Quantization, shown in the right side of Figure 4, always occurs in a 
floating point to fixed-point conversion, since there must be some limit set to the number of 
decimal seats that are reserved for hardware demonstration.  
 

 
 

Fig .(4) : System Generator Gateway Double to Fixed-Point Conversion 
 
 
2.3 HDL Design of Integrated system 

 

The ModelSim software is used to design HDL module of activation system (plug-in 
Avnet Electronic Marketing P240 Analog Module)and Virtex-4 FPGA on-board ICS8442 
Programmable low voltage differential signaling (LVDS) Clock Synthesizer with exact 
configurations. The HDL module of activation system should include all the specifications, 
characteristics, and features  to ensure that ADC and DAC in P240 can function correctly [18-

23].  The HDL module of activation system and HDLnetlist of SDR system in Verilog 
language are verified first before they are combined to become the HDL module of the 
integrated design. The simulated result of HDL netlist of the SDR system  is similar to the 
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simulation result of the system generator design. It should be noted that these simulation 
results are similar to the system generator design. Based on the real-time implementation of 
the integrated design using FPGA and P240 Analog Module, the ADC and DAC in P240 are 
activated and configured first before the FPGA design is run to avoid instability of ADC and 
DAC, which can produce undesired output to or from FPGA during the process of 
configuring ADC and DAC. Thus, the main clock enable (CE) of FPGA design is disabled 
during the transfer of serial programming interface (SPI) codes to ADC and DAC in P240. 
Controlling the main CE rather than the clock would be easier. This enable clear (CE_CLR), 
which requires additional logics to adjust the sampling phase of all the multi-sample data 
when de-asserted. The simulation results of the HDL module of integrated design is given in 
Figures (5).  
 

 
 

Fig .(5) Simulation Result of HDL Module of Integrated Design 
 

2.4  HDL Synthesis  
 

            Although Xilinx ISE ( integrated software environment) has its own synthesis tool 
called XST (Xilinx Synthesis Technology), it can only synthesize HDL netlist generated from 
the System Generator. Therefore, the Synplify Pro software is used to perform logic synthesis 
for the HDL module of integrated design in two stages, Logic compilation and optimization 
and Technology mapping. The Verilog HDL module of integrated design is compile to Xilinx 
FPGA structural elements and then optimize the integrated design to make it as small as 
possible to improve circuit performance. The Mapping step is to optimize the integrated 
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design to Xilinx FPGA logic components using ar
characteristics comprise another important fact
implementation. Thus, the estimated period (required path delay) for the FPGA element must 
not exceed the requested clock period. For this reason, the timing slack (requested period 
estimated period) should have a positive value; otherwise, the integrated design has to be 
reworked. The clock frequencies used for ADC/DAC are set to 100 MHz for CLK_100 
(ADC/DAC SPI process) and 80 MHz for LIO_CLKIN_1 (16
receiver). The estimated timing report f
as shown in Tables(1).  
 

Table (1)

 
2.5 FPGA Implementation  
 

The final step in FPGA designing  is the implementation of  design model on Xilinx 
Virtex-4 using ISE software tools. The synthesis output files generated by the ISE software in 
electronic design interface file (EDIF) and user constraints file (UCF) forms 
optimized netlist of integrated design, timing constraints, and FPGA pin assignment that have 
been implemented into the FPGA development board by three steps called 
place &Route. The Translate step is  convert the netlist file of integrated design in EDIF 
format to native generic database (NGD) file, which contains logic description of hierarchical 
components and Xilinx primitives for the integrated design using NGD build 
Map process is to Perform logical DRC on the NGD file and map the design logic to slices 
and input-output (I/O) cells in FPGA to create native circuit description (NCD) 
and Route is the LUTs design in mapped NCD file is place and route into FPGA bas
timing constraints using timing analysis tools with no errors found. 
generation and program download is used to generate configuration bit
format form, and subsequently downloaded into FPGA via JTAG cable using th
program. 

The timing requirement is satisfied as shown in the post
illustrated in Figure (6) and Tables 
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design to Xilinx FPGA logic components using architectural-specific technique. 
characteristics comprise another important factor that affects the performance of FPGA 
implementation. Thus, the estimated period (required path delay) for the FPGA element must 
not exceed the requested clock period. For this reason, the timing slack (requested period 

positive value; otherwise, the integrated design has to be 
reworked. The clock frequencies used for ADC/DAC are set to 100 MHz for CLK_100 
(ADC/DAC SPI process) and 80 MHz for LIO_CLKIN_1 (16-QAM SDR transmitter and 
receiver). The estimated timing report for the synthesized design meets the time constraints, 

Table (1)  Estimated Timing Report 
 

 

The final step in FPGA designing  is the implementation of  design model on Xilinx 
The synthesis output files generated by the ISE software in 

electronic design interface file (EDIF) and user constraints file (UCF) forms represent the 
optimized netlist of integrated design, timing constraints, and FPGA pin assignment that have 

the FPGA development board by three steps called Translate, Map and 
step is  convert the netlist file of integrated design in EDIF 

format to native generic database (NGD) file, which contains logic description of hierarchical 
components and Xilinx primitives for the integrated design using NGD build program. The

ss is to Perform logical DRC on the NGD file and map the design logic to slices 
output (I/O) cells in FPGA to create native circuit description (NCD) file. The
is the LUTs design in mapped NCD file is place and route into FPGA bas

timing constraints using timing analysis tools with no errors found.  Finally, 
and program download is used to generate configuration bit-stream file in BIT 

format form, and subsequently downloaded into FPGA via JTAG cable using th

The timing requirement is satisfied as shown in the post-PAR static timing report as 
 (2) 
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specific technique. Timing 
or that affects the performance of FPGA 

implementation. Thus, the estimated period (required path delay) for the FPGA element must 
not exceed the requested clock period. For this reason, the timing slack (requested period - 

positive value; otherwise, the integrated design has to be 
reworked. The clock frequencies used for ADC/DAC are set to 100 MHz for CLK_100 

QAM SDR transmitter and 
or the synthesized design meets the time constraints, 

 

The final step in FPGA designing  is the implementation of  design model on Xilinx 
The synthesis output files generated by the ISE software in 

represent the 
optimized netlist of integrated design, timing constraints, and FPGA pin assignment that have 

Translate, Map and 
step is  convert the netlist file of integrated design in EDIF 

format to native generic database (NGD) file, which contains logic description of hierarchical 
program. The 

ss is to Perform logical DRC on the NGD file and map the design logic to slices 
file. The Place 

is the LUTs design in mapped NCD file is place and route into FPGA based on 
Finally, The Bit 

stream file in BIT 
format form, and subsequently downloaded into FPGA via JTAG cable using the iMPACT 

PAR static timing report as 
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Fig. (6) post

Table (2

 
The implementation steps shown in 

of three major steps: translate, map, and place and route. 
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post-PAR (final) static timing report 
 
 

2)  Post-PAR Static Timing Report 

The implementation steps shown in Figure (7) are read in the constraints file that consists 
of three major steps: translate, map, and place and route.  

2014, ISSN 1813- 7822 
 

 

 

are read in the constraints file that consists 
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Fig .(7) FPGA Implementation ISE Steps 
 

The translate step essentially flattens the output of the synthesis tool into a large single 
netlist. A netlist in general, is a large list of gates which is compressed at this stage to remove 
any hierarchy. The map step groups the logical symbols in the flattened netlist into physical 
components, specific to the target device. The place and route step places each of these 
physical components onto the FPGA chip and connects them through the switch matrix and 
dedicated routing lines. 

 
 

3. Results  
 

Figure (8) shows the input and output signals of the proposed SDR model. The 
difference between the original and the recovered message bits is zero, and the difference 
between the original and the recovered symbol integers is also zero. This indicates that the 
timing synchronization between the transmitter and the receiver is optimized and the symbol 
remapping removes the noise caused by AWGN using the tolerance range of threshold in 
decision-making technique. In this technique, the threshold level is limited by three values 
(0.667, 0.333, and 0.125) that represent the tolerance range in I and Q channels.  
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Fig .(8)  Input and output signal of proposed software defined radio 
 

The transmitter and receiver project status and device utilization summary are reported by 
the ISE program, as shown in Table (3). These tables provide the total number of slices and 
LUTs used in this design, which represent the total area used in FPGA. Depending on the 
number of devices used in FPGA, the total power consumption in the SDR model 
implementation can be seen, according to the number of slices and LUTs. The total LUP for 
proposed design is 390 with 514 Slices and illustrated in utilization summary.  

 
 

Table (3)  FPGA utilization summary 
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The minimum number of slices and LUTs obtained by the conventional designs are 519 
and 1149, respectively [9]. This means that the proposed SDR implementation is more 
efficient than the conventional design in terms of area and power consumption. A comparison 
between the proposed design and conventional design is shown in 
provides different resource of slices and LUTs.
 

Table (4) FPGA Slices and LUTs comparison

 

 
4. Conclusions 

 

In this paper, a talented paths to design of Virtex
improved to work with 4G system and 
used to reduce the LUT and slices in FPGA area therefore, decrease the power consumption 
and size in future implementation of FPGAs. The proposed technique paths is incorporate 
with MATLAB/ simulink and system generator. The Synplify pr
is also used to synthesis the HDL code and generate the bit stream to download it to FPGA 
board. Results obtained from the implementation of this design, has shown that the proposed 
algorithm reduces the FPGA logic utilization 
elements of slices and LUTs respectively, compared to conventional designs. In addition, a 
design and implementation of software defined radio model was done to verify the design 
performance under channel noise. 
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