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Abstract: In this paper, an effective design and implementation of the Multi-user orthogonal frequency division multiplexing based orthogonal chaotic
vector shift keying (Multi-User OFDM-OCVSK) system over multipath fading channel by using field programmable gate array (FPGA) platform is
presented. The system model is designed and implemented using Xilinx system generator (XSG) tool with Vivado 2019.1 software. The Xilinx System
Generator (XSG) is used because it is more reliable, flexible, easy to update and modify the system design in addition to give the perfect design for
FPGA technique compared with the traditional FPGA design. The VHDL code file is generated and the hardware co-simulation of the suggested system
is performed on the Kintex 7 KC705 evaluation kit. The system is routed in successfully using Vivado 2019.1 program with 100 MHZ clock frequency.
The results of hardware simulation prove that the system is worked in the correct form in real time process.
Index Terms: Multiuser OFDM-DCSK, OCVSK, FPGA.

——————————  ——————————

1 INTRODUCTION
BEING non periodic, wide-band, sensitive to initial conditions,
random-like nature with easiness to generate, chaotic signals
are more suitable for communication with the spread-spectrum
[1],[2]. The Differential Chaos Shift Keying (DCSK) is preferred
among numbers of chaotic modulation schemes due to its
robustness to multipath fading environments and non-coherent
ability of implementation and simple transceiver requirement.
In DCSK system every bit duration is split into two equal
segments and a reference chaotic sequence is transmitted
within the first time duration. According to the value of the bit
to be sent, the reference signal is either copied or inverted and
sent within the second time slot [1]-[3]. Many DCSK systems
have been studied to evaluate its performance under different
scenarios. In fact, the primary defect of the DCSK is that half
of the bit’s time slot in this system is employed for bearing
reference signals so it is spent sending no-data. This can be
considered as a significant data rate reducer and energyinefficient for transmission [4]-[9] Orthogonal Frequency
Division Multiplexing (OFDM) is the more dominant multicarrier
modulation for discrete signals in nowadays technology [10][12]. OFDM-DCSK system is suggested to combine the
advantages of OFDM and DCSK system, decrease the
complexity of the multicarrier DCSK system and offer better
spectral efficiency compared to conventional DCSK systems
[13]-[15]. In [16] the authors presented the multi-user OFDMDCSK to support multi-user communication. Although this
system enhances the spectral and energy efficiency, it
increases multiple access interference (MAI). To decrease the
multiple access interference (MAI) of multi-user OFDM_DCSK
system the authors in [17] increasing the orthogonality of the
chaotic sequences and design an improved system with
orthogonal chaotic vector shift keying (OCVSK) using GramSchmidt orthonormalization process. In the modern
communication systems field programmable gate array
(FPGA) is preferred among different kinds of implementations,
because it is very cost-effective, enhances the processing
speed and highly flexible solution, that provides best system
performance and enables easy system improvement [18].
Xilinx system Generator (XSG) is supported tools to implement
the digital systems in FPGA that is a flexible, and reliable tool
used for building different models and generating VHDL code
with easiness to upgrade the design for the system. It provides

different building blocks of digital processing (DSP) that exists
in XSG block set in Simulink tools to build a different model
and generate VHDL code for the system design with optimum
way [19]. An effective FPGA design of DCSK system is
presented in [20] the authors used the DSP builder technique.
Using XSG, in [21] the implementation of the non-coherent
differential chaos shift keying (DCSK) system over AWGN
channel for different values of spreading factor is presented.
FPGA technique is also used in [22] to implement Haar
Wavelet Packet Modulation (HWPM-DCSK) in efficient way
with high clock rates. In this paper, we use FPGA technique to
implement the hardware design of MU-OFDM-OCVSK system
which is analyzed and compared with multi-user OFDM-DCSK
system [17]. The proposed system is implemented using an
FPGA Kintex7 KC705 evaluation kit integrated with Vivado
2019.1 software. The rest of the paper is organized as the
following: section II introduce the architecture of MU- OFDMOCVSK communication system and Section III contains XSG
based MU-OFDM-OCVSK system. In Section Four the
simulation results and the XSG waveforms are presented, and
FPGA results, the synthesis reports and The Hardware cosimulation are shown in Sections V and VI respectively.
Finally, the conclusion is drawn in the VII Section.

2 MULTI-USER-OFDM-OCVSK
COMMUNICATIOM SYSTEM
The proposed two-users OFDM-OCVSK system block diagram
is shown in Figure 1 which include three main parts: the
transmitter, channel , and the receiver of two-users. The input
data of each user is converted to parallel bits du,p (p= 1,….,M)
using serial to parallel converter. The chaotic reference is
generated by chaotic generator that is used to spread the
digital signal over a wideband to obtain a modulated signal
with spreading factor value equal to 16. The modulated signal
is then passing through 16 point IFFT producing the
multicarrier signal. A parallel to serial converter is taken place
after that to convert the parallel stream of data bits to serial bit
stream in order to be sent through the channel. Two flat fading
channels (one for each user) and AWGN are taking place to
produce the received signal. At the receiver side, an inverse
action to that of the transmitter side with serial to parallel
converter, FFT, and a non-coherent DCSK demodulation
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(correlator and threshold ) will be applied to the combined
received signal to reproduce the original data bits of each user.

2.1 Review Stage

Fig. 2 Xilinx System Generator block diagram of 2 UsersOFDM_OCVSK transceiver.

(a)

3.1 Transmitter Section
This section contains the blocks of binary input source, chaos
generator, serial-to-parallel (S/P) converter, mapping,
spreading and zero padding, IFFT and finally, TDM as shown
in figure 3. Each one of these blocks has been implemented
using XSG in Simulink/Matlab..
3.1.1
Binary input source
The binary input signal is generated using Bernoulli binary
generator block which is Simulink/MATLAB (S/M) function
generate a stream of binary sequence. This binary data will be
used for testing the proposed system performance. The type
of the output data of this block should be doubled and the
sample time must be 1 with 0.5 probability of zero to produce
ones and zeros with same probability. The gateway-in and
gateway-out are used to convert from S/M to System
Generator (SG) and from SG to S/M environment respectively.

Fig. 1 Block diagram of the system model (a) Transmitter (b)
Receiver.

3 XSG IMPLEMENTATION OF MU-OFDMOCVSK SYSTEM DESIGN
The communication system model presented in section 2 is
performed using XSG as shown in Figure 2, each block shown
in the figure is designed with a certain parameters to
correspond the blocks in Figure 1. At the transmitter side (for
each user), the input bits are generated using Bernoulli binary
signal generator of 100 Mbps rate. A serial-to-parallel
converter is used to convert the serial input bits into 8 parallel
bits with rate varying to 12.5 Mbps. Every bit in the parallel
group is mapped to +1 or -1 depends on the value of the bit
whether it is 1 or 0 respectively using the mapping block
function. After that, DCSK system is used to spread the
symbol which will be passed through the IFFT to generate the
OFDM signal. After that, the signal will be distorted by
Multipath Rayleigh fading channel with AWGN. The receiver
side is designed to perform the reverse operation to that of the
transmitter to recover the binary bit stream of each user. The
details of each block will be explained individually in the next
subsections.

Fig. 3 XSG block diagram of OFDM-OCVSK transmitter.

3.1.2
Chaos generator block
The XSG block diagram of the chaos signal generator is
shown in Figure 4. Chaotic signal is generated using the
Chebyshev Polynomial Function (CPF) of order two according
to Equation (1). This signal represents the reference of the
system that is used for spreading the input data sequence.
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(1)
The output data format is assigned by a word length of 20 bits
with 16 bits for fractional length.

Fig. 4 Xilinx System Generator block diagram of the chaos
generator.

3.1.3
Serial-to-parallel converter block
The S/P block is existing in the XSG library with the number of
bits is 8 and the latency is 1 the output is a symbol of 8 bits
that need a set of 8 blocks of slices (one slice block for each
bit) which is available in XSG library used to convert the 8 bits’
symbol into parallel bits. The slice blocks are used for
selecting the range of bits for each input sample. The output
data in each slice is unsigned and the bit number is 1. The
XSG block diagram of the serial to parallel converter is shown
in Figure 5.
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diagram of the mapping block is shown in Figure 6.
3.1.5
Spreading and zero padding block
The spreading process is done by multiplying the input
mapping data with the chaotic sequence. The Spreading block
consists of eight multipliers with a constant block of zero value
used for zero padding. The multiplier is used for spreading
information by multiplying the mapping data with the chaotic
sequence. The output data format for each multiplier is signed,
the word length is 16 and the Fraction Length is 14 bits. The
XSG block diagram for spreading and zero padding block is
presented in Figure 7.
3.1.6
Inverse Fast Fourier transform (IFFT) block
After the spreading process, the signal is passing through
IFFT to obtain the OFDM signal. IFFT is carried out by
paralleling techniques in which the throughput is increased
because multiple functions can be performed at the same time
[23]. IFFT changes the spread signal domain from frequency
to time domain. The XSG block diagram of 16-point IFFT is
shown in Figure 9. First, the 16 signals are mixed according to
bit reversal order. Then, the mixed data is passing through
Stage-1, Multiplication-1, Stage-2, Multiplication-2, Stage-3,
Multiplication-3 and Stage-4 modules that are implemented
using XSG. The fixed-point precision word length for each
operation is 24 bits with 16 bits for fractional.

Fig. 6 XSG block diagram of the mapping block.

Fig. 5 XSG block diagram of the serial to parallel converter.

3.1.4
Mapping block
The mapping block is used to map the parallel bits into 1 and 1. It consists of 8 ROM blocks where every bit of the parallel
data has represented as an address to the ROM block to
indicate either the phase of {00} or the phase of {1800}, when
the initial value vector for the ROM is [-1 1]. The output data
format for each ROM block will be signed with word length 2
bits and fraction point of 0 bits. A delay block of 8 latency has
been linked to the enable pin of each ROM block to mask all
the bits till they are ready for the map process. The XSG block

Fig. 7 XSG block diagram of spreading and zero padding blocks.
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3.3 Receiver Section
The 16 parallel OFDM signal must be converted to serial
symbol once again. Time division Multiplexing (TDM) block is
used to multiplex the parallel samples into serial symbol. Each
OFDM signal requires two 16 input TDM block one for the real
part of the signal and the other for the imaginary. Then the two
serial complex OFDM signals are passed through the
multipath fading channel.

The receiver section is shown in Figure 11. It consists of the
following blocks:

3.3.1

Fig. 8 Xilinx System Generator block diagram of 16 points
decimation in time IFFT.

3.2 The channel
Figure 9 shows XSG block diagram of two-users multipath
Rayleigh fading with AWGN channel. Where the transmitted
signal of each user passes through two paths channel
implemented using white Gaussian noise generator block
available in XSG communication library with seed value 512,
multiplied by the channel coefficient of each path (1/3, 2/3).
The XSG block diagram of user’s channel is shown in figure
10. The two users’ channels are added together then added
with AWGN signal, where the noise signal is produced using
White Gaussian Noise Generator block and the output is
multiplied by the standard deviation of the noise power (𝜎) that
is associated with the Signal to Noise Ratio (SNR).

Fig. 11 Xilinx System Generator block diagram of
OFDM_OCVSK receiver.

Fast Fourier Transform (FFT)

First, the two complex received signals are demultiplexed into
16 parallel samples using Time Division Demultiplexing (TDD)
block where each received signal requires two TDD one for
the real part and the other for imaginary. Then, the parallel
samples are applied to FFT function to recover the original
signal. The implementation of FFT block is similar to IFFT
block except for the twiddle factor becomes conjugate. The
XSG block diagram of FFT is presented in Figure 12.
3.3.2
Despreading
The XSG for the dispreading block is shown in Figure 13. This
block is implemented using eight complex multipliers that
perform the reverse action of the spreading block. The format
of the output data of each multiplier block is signed, the word
length is 24 bits with 16 bits for fractional.

Fig. 12 XSG block diagram of 16 points decimation in time FFT
receiver.
Fig. 9 XSG block diagram of two-users multipath Rayleigh
fading channel.

Fig. 10 XSG block diagram of single user channel.

3.3.3

Correlator and decision block
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The correlator block is implemented using 8 subsystems that
carry out the correlation function between the chaotic
reference signal and the chaotic data sequence. Each
subsystem is implemented using 16 shift registers for the real
part and 16 shift registers for the imaginary part of the signal
and one relational XSG block for decision. Each shift register
output is fed to a complex addition block where 15 complex
addition blocks must be used in each subsystem. The enable
pin in complex addition block is used to start reading the
parallel data simultaneously. The result signal is compared to a
zero value constant using the relational block. The function of
the relational block is demapping the parallel data. The
correlator XSG block is shown in Figures 14 and 15.

ISSN 2277-8616

registers, and then the multiplexer read out one sample at a
time based on the assignment of the counter. The function of
the delay block is for synchronization and the linear feedback
shift register (LFSR) block has been used as a control signal
to enable the registers. The XSG block diagram of the parallel
to serial converter is shown in Figure 16.

Fig. 16 XSG block diagram of the parallel to serial converter
block.

4

XSG SIMULATION RESULTS

The XSG simulation time waveforms that describe the outputs
of every part in multi-user OFDM-OCVSK system model have
been plotted using MATLAB program. Figure 17 shows the
XSG waveform of the serial to parallel block where the number
of the parallel bits is 8. So, 8 slices are used in this block to
obtain 8 parallel bits. The output of the first slice is appeared in
this figure. The XSG simulation waveforms of the mapping
block are shown in figure 18. Every 0 is mapped into -1 and
every 1 is mapped into +1. It is shown in the figure that the
parallel data (bit 1) are not mapped until the enable pin turned
into 1.

Fig. 14 XSG block diagram of the correlator and decision block.

Fig. 17 XSG simulation waveforms of the serial to parallel block.

Fig. 15 XSG block diagram of the subsystem in correlator and
decision block

3.3
Parallel to serial converter
The parallel demapping samples are converted to serial
samples using this block. It is not obtainable in the XSG
library. It has been implemented using 8 registers, delays,
LFSR, multiplexer and counter XSG blocks. When the enable
pin is activated the parallel samples are latched to the

Fig. 18 XSG simulation waveforms of the mapping block.
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Figure 19 presents the XSG simulation waveforms of the
spreading and zero padding block where the input data are
multiplied by the chaotic reference signal with spreading factor
of (β =16). The XSG simulation waveforms of 16 input
decimation in time IFFT are presented in figure 20.

Fig. 23 XSG simulation waveforms of the despreading block.
Fig. 19 XSG simulation waveforms of the spreading and zero
padding block.

In Figure 24 the XSG simulation waveform of the parallel to
serial block is depicted where the multiplexer is read out one
sample each time based on the assignment of the counter.
The comparison between transmitted and the received signal
waveforms of the first user has been illustrated in Figure 25.

Fig. 20 XSG simulation waveforms of the IFFT block

The XSG simulation waveforms of the two-users multipath
fading channel are illustrated in Figure 21. The waveforms of
the despreading block and the correlator block are shown in
Figures 22 and 23 respectively.

Fig. 21 XSG simulation waveforms of the multipath fading
channel.

Fig. 24 XSG simulation waveforms of the parallel to serial block.

Fig. 25 Transmitted and received data waveforms of the first
user.

5 SYNTHESIS RESULTS
The VHDL codes or Bit stream file are generated by selecting
the board Kirtex-7 KC 705 evaluation platform 1.1 from the
System Generator token. Then Vivado Design Suite 2019.1
analyze and verify the system at a Register Transfer Level
(RTL), to perform synthesis and implementation processes.
Many reports (hardware and software) will be produced, that
explain issues regarding implementation operations like the
device resources utilization, power consumption, clock and
timing analysis reports. Figures 26 and 27 present the
resources utilization for the transmitter and receiver side of the
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Xilinx Mu-OFDM-OCVSK model, respectively

Fig. 28 Timing analysis report for the transmitter side of Xilinx
Mu-OFDM-OCVSK model.

Fig. 29 Timing analysis report for the reciever side of Xilinx MuOFDM-OCVSK model.

The power consumption and junction temperature is estimated
by power report based on the inputs of the design. the reports
of power analysis for the transmitter and receiver side design
are shown in Figures 30 and 31, respectively. It can be seen
from these reports that the transmitter side consumes about
47% from the total power of the chip, while the receiver side
design consumes about 73% from the total power of the chip.
This power consumption is divided among the Input/ Output
pins, clocks, signals, and logic with specific rates.

Fig. 26 The area of utilization report for the transmitter side of
Xilinx Mu-OFDM-OCVSK model.

Fig. 30 The report of Power analysis for the transmitter side of
the OFDM_OCVSK model.

Fig. 27 The area of utilization report for the receiver side of Xilinx
Mu-OFDM-OCVSK model.

The timing analysis reports summary for the transmitter and
receiver sides are illustrated in Figures 28 and 29 respectively.
These reports indicate that there is no timing conflict in the
design.

Fig. 31 The report of Power analysis for the receiver side of the
OFDM_OCVSK model.

6 HARDWARE CO-SIMULATION
The final step of the design is to test the performance of the
system in a hardware real time. Hardware Co-Simulation is a
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method provided by System Generator to transform the
designs built using SIMULINK into hardware. The System
Generator transfer the design to FPGA target board through
―Joint Test Action Group (JTAG)‖ connection to simulate the
system on the FPGA platform. Then, the output is read back
from JTAG and transfer again to SIMULINK to compare with
system generator results. Figures 32, 33 present a photograph
for FPGA hardware co-simulation for the MU_OFDM_OCVSK
transmitter and receiver respectively. The FPGA board used is
Kintex7 (XC7k325ti-2lffv900) with a JTAG connection. It can
be seen from these figures, that no error between the input
data and the output from the MATLAB simulation model as
well as the output from the FPGA board which confirm that the
proposed system model has been loaded successfully onto
the FPGA board.

7 CONCLUSION
In this paper, Multi-User OFDM based OCVSK system is
designed and implemented by XSG software tools over
multipath fading channel. The software tools Vivado 2019.1
design suite with Xilinx Kintex7(XC7k325ti-2lffv900) board with
clock frequency 100 MHz are used in the implementation. The
results of hardware simulation prove that the system is worked
in correct form. The real time operation results show that the
signal is recovered correctly at the receiver side and the VHDL
code file is generated successful

Fig. 32 Hardware Co-simulation for the MU_OFDM_OCVSK
transmitter.

Fig. 33 Hardware Co-simulation for the MU_OFDM_OCVSK
receiver.
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