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Abstract: Multiple-input multiple-output orthogonal frequency division multiplexing (MIMO-OFDM) is
a powerful technique to increase the capacity of wireless communication system and decrease the effect
of selective fading to flat fading channel. In this paper 2x2 MIMO-OFDM system is implemented using
Xilinx system generator (XSG). Simple MMSE equalizer is implemented at the receiver to detect the
signal over MIMO channel. The following features are implemented and added to the proposed system:
increasing security of the system using chaos based scrambling, using 16-ADQAM modulation to solve
the ambiguity problem and implement FFT in pipelining method. The results show that the original data
is recovered successfully at the receiver. The VHDL code file is generated for this system for Xilinx
Virtex-4 device for hardware implementation purposes. The system is routed in successfully using ISE
14.1 program with resources of 21% slices Flip Flop, 57% LUT, 71% occupied slices and 87% DSP 48s
numbers from the selected device. The Xilinx system generator is more flexible, easier, and reliable and
gives optimum design for FPGA technique comparing with conventional FPGA design.

Keywords: MIMO, OFDM, MMSE, Chaos based PRBG, ADQAM, Xilinx System Generator, FPGA.
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1. Introduction

Orthogonal Frequency Division Multiplexing (OFDM) is a multi-carrier
transmission. This technique transform a frequency selective channel into a group of flat
narrowband channels that it is immunity against large delay spreads of the wireless
channel by preserving orthogonality in the time and frequency domain[1]. This
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technique can be integrated with multiple input multiple output (MIMO) system to
increase either communication diversity as space time block coding (STBC) [2]or
capacity as spatial multiplexing (SM)[3].

Field programmable gate array (FPGA) is widely used in communication system
because it enhances the processing speed, explored the parallelism in implementation
and reduces the cost of the design [1]. In the recent years, spatial multiplexing MIMO-
OFDM implementation by using FPGA technique becomes the most interest for the
researchers [4-11]. Kerttula [4] designed and implemented 2x2 MIMO-OFDM system
with List sphere detector (LSD) algorithm using FPGA. Yoshizawa [5] designed
minimum mean square error (MMSE) MIMO detection using pipeline processing for
2x2 and 8x8 MIMO-OFDM system. In the same year, Park [6] designed Pipelining
processing for fast Fourier transform (FFT) an applied to MIMO-OFDM system. In [7]
Chen implemented a 4x4 MIMO-OFDM software defined radio (SDR) system using
MMSE detector and convolutional code. MIMO channel estimation in MIMO-OFDM
system was designed and implementation in [8] and [9].Babu [10] optimized MIMO-
OFDM system using convolutional code and Viterbi decoder. Sathya [11] designed and
implemented Fixed Sphere Decoding (FSD) to reduce complexity in MIMO OFDM
detection.

In this paper 2x2 MMSE MIMO OFDM is implemented using Xilinx system
generator. Three points are added to enhance the system: increase the security using
chaos stream ciphering, use Angle differential QAM (ADQAM) to solve the ambiguity
problem and implement fast Fourier transform (FFT) in pipelining manner. Also the
system can be designed in optimal and flexible way using system generator (SG) tools.

2. Xilinx System Generator (XSG)

System generator (SG) is the one of useful Xilinx DSP design tool that provides over
90 blocks of DSP such as multiplexer, shift register, adder, accumulator and multipliers
for implementing specific application. Also provides complex DSP blocks such as
convolutional encoder, FIR filter and FFT. Designer in SG is thinking in the same
manner as Matlab Simulink environment and can be integrated with Simulink block set
to test or help in the design in friendly way. When the system is implemented using
Xilinx system generator the optimum hardware description language (HDL) netlists or
Bitstreams compilation file can be generated directly including synthesis and Xing flow
routing to be used for programming the FPGA device using Integrated System
Environment (ISE) design suite program. A testbench representation can be generated in
Matlab Simulink environment for use with Xilinx ISE simulator or ModelSim. XSG can
be specified at the hardware design details for the specific FPGA Xilinx device [18].
Fig. 1 shows the SG design flow.

The advantage of using System Generator can be summarized as: reducing the time
spent by the designer for simulation of the system, flexibility due to update the design
parameters in quickly and test the effect on the system, The HDL files of the system can
be generated using compilation for ISE and Xilinx FPGAs, XSG blockset can be
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integrated with Matlab Simulinlk blocks for helping and co-simulating the system
designing, the design can be implemented in optimal way with minimum cost [18].
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Figure 1. Design flow of SG [18].

3. Mmse Mimo-Ofdm System

The proposed 2x2 MMSE MIMO OFDM system is shown in Fig. 2. In the first, the
bit streams are scrambled using chaos technique to increase the security of information.
Then convolutional code is used to enhance error performance of the system. Block
interleaving is take place after that to delete the affect of burst errors, block interleaving
Is used here for its simplicity. To overcome ambiguity problem in 16-QAM, 16-
ADQAM instead is used. Parsing makes data stream to be separated into multiple
independent channel each one is passing through 16 points IFFT and cyclic prefix with
4 points. 2x2 MIMO flat fading channel and AWGN are take place to produce the
received signal where MMSE MIMO detection is used at receiver side  to detect the
multiple received data after remove cyclic prefix guard and FFT are taken. All other
blocks in the receiver side are designed in inverse mode to that at transmitter side to
recover the original stream bits. We assume here the MIMO channel parameters are
perfect estimated at input of MIMO detection. The detail description of MIMO OFDM
blocks are summarized in next subsections.
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Figure 2. MMSE MIMO-OFDM system
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3.1. Chaos Based Scrambling

The security of communication system can be increased by encrypt or scramble the
data source before sending across the channel. One of the popular encryption techniques
for digital communication is stream cipher. The stream cipher system depends on
pseudo random bit generator (PRBG) XOR with data source to produce the ciphered
message at the receiver side the original message can be deciphered by XOR with the
same key bit generator that is synchronized with that at transmitter side. PRBG can be
generated using linear feedback shift register (LFSR) [12] or using the chaos technique.

Chaos based PRBG is used in the last years for increasing the security of the systems
like communication and encryption message due to have more randomness and security
than LFSR [13].

In this paper, PRBG can be generated using two logistic maps that were proposed in
[14]. The simple mathematical model of the logistic map is expressed as [14]:

Xapr = 0¥, (1—X,) (1)

where X, is a state variable, which lies in [0,1] values and « is the system parameter. In
this paper ¢ = 4. Figs. 3 and 4 show block diagram for chaos based PRBG and
scrambling system respectively. Two Chaotic logistic maps are used to generate PRNG
each with different initial conditions, X(=0.939243 and Y(=0.162343 for the first and
second generation respectively.The PRBG at receiver side is identical to that at
transmitter side. The key stream in the transmitter and receiver sides must be
synchronized to recover the original data source.

X,=0.93924

A 4

En = oyXp(1 —Xy)

(1 i Xpy > Yoo 1010111010
PRBG= 0 ifXp,=Vpy —

Y(=0.16234 N
0 Vg =ap¥(l-Y)

v

Figure 3. Block diagram of Chaos based PRBG

. Received
C'Bhimd Ciphered Data
Original Data —»{ XOR —a>a ----------- —| XOR |— Original Data
i ream Bi
Stream Bits Key Strea ts
Stream
Chaos based Chaos based
PRBG PRBG
A o A
L--_______Synchronization ____ .

Figure 4. Block diagram of Chaos based scrambling System
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3.2. Angle Differential Quadrature Amplitude Modulation (16-ADQAM)

The widely used in digital modulation is 16-QAM (Quadrature Amplitude
Modulation) because it has good power and spectral efficiency. Although the square
QAM has disadvantaged that it suffers from ambiguity problem. Therefore angle
differential QAM (ADQAM) was studied in [15] is used to solve this problem. This
study showed that 16-ADQAM has degraded in SNR about 0.5 dB only when compared
with coherent QAM over AWGN channel. In this paper, 16-ADQAM is implemented
using Xilinx system generator (XSG).

16-ADQAM requires four bits group and there are 2* possible transitions between
two consecutive transmitted symbols s(i) and s(i-1). The transmitted symbol s(i) can be
expressed in terms a quadrant center C(i), and a displacement D(i) as [15]:

s(i)=C(i)+D(i) (2
C(i)=C(i-1) ei48: (D 3)
D(i)=D(i-1) e*=(D 4)

where A8; and A8, are the differential angles which can be determined from the first

two bits (bg,b;) and second two bits (bp,bz)of QAM symbol respectively as shown in
Table 1.

Table 1. Dibit to differential angle mapping for 48, and 4B,

Dibit )
00 0
01 /2

11 I

10 3m/2

s(0) is initialized by assuming C(0)=Rie™* and D(0)=R,e™’*, where R;=2v2
represents the distance between the origin point and the quadrant center point, and R,
=2 is the distance between the quadrant center point and the constellation point.

At the receiver, the symbols s(i) are corrupted with AWGN , n(i). The receiver
symbols, y(i) can be written as [15]:

y(i)=s(i) €%+ n(i) (®)

where @ is the phase ambiguity which takes any value between 0 and 3m/2 in step /2.

A two stage differential decoding is used for 16-ADQAM demodulation. Substituting
Equation (2), get:

y(i)=C(i) & + D(i) & + n(i)
=C,(i) + D(i) + n(i) (6)
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where C.(i) and D,(i) are the quadrant center and displacement symbols that are rotated
by angle @ respectively. C.(i) can be detected from the received symbols, y(i) as [15]:

C.(1) = Ry x [sgn(real[y(D]) +j sgn(imag[y(D])] @)

where sgn (.) is the signum function, real (.) is the real part of a complex signal and
imag(.) is the imaginary part. The differential angle A8; can be detected from the

present and previous values of C.(i) as [15]:

(0 if C, (i) x (Er(i— 1})3 _ R,
26,(1) = 1 2 ifﬁﬁr(i} X Eﬁr(i - 1}2* = lei o
n 6@ x (E.G- 1) =-R,
X :iﬂ ifﬁr(i} >< (E[‘{i_ 1})* _ _lez

s

D,(i) can be detected from the difference between y(i) and C,(i) as [15]:

B.(i) = R, x [sgn(really(®) — €.(]) +j sgn(imag[y D — €.(D])] ©)

The differential angle AB, can be detected from the present and previous values of

D, (i) as [15]:

=

(0 ifB,Mx(B.G-1) =R,’
— o ¥ -
; lfDr(I} X (D[‘(I - 1}:] = jREL
A8, () =1 2 ~ - . . (10)
m if B, x (B, - 1) =-R,
3 - = ., * . 2
== 1D, x (B,i—-1) =R,

A two stage decoding of 16-ADAM system is shown in Fig. 5.

N (i)E‘" Phase NS
y(ll > Sgn() J > Detector —> (l)ﬂﬂl

-1

]
(0D, Phase i)AG
> L 5 (i)aF
b sgn() Detector :

Z—l
(i-1)DL.

Figure 5. Block diagram of 16-ADQAM detection.
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3.3 Fast Fourier Transform (FFT)

16 points decimation in time fast Fourier Transform (FFT) algorithm can be
implemented by pipelining techniques in which different functions can be executed at
the same time therefore the throughput is increased [16]. However, the pipelining
required more hardware than to that of a system without pipelining. Fig. 6 shows flow
diagram of 16-point decimation in time FFT algorithm. To implement 16 points FFT,
four stages are required {stage_1, stage 2, stage_3 and stage_ 4} in this modules only
addition and subtraction operation required. Also three multiple modules {Multiple_1,
Multiple_2, and Multiple_3}is required where in this modules the incoming complex

samples from the previous module is multiplied by twiddle factor wi, =e'= |

n= {0,1,2,3,4,56,7}.Inverse fast Fourier transform (IFFT) is implemented in the same

manner only twiddle factor is replaced by wi* =e "2=. For Stage_1 module there are

8 functions of 2 points each with two complex additions. For Stage_2 module there are
4 functions of 4 points each with 4 complex additions. For Stage_3 module there are 2
functions of 8 points each with 8 complex additions. Stage_4 module has one function
of 16 points with 16 complex additions. Each of Mutilple_1, Mutilple_2 and Mutilple_3
has 8 complex multiplications. The total complex additions is 16xlog,(16)=64 and the
total complex multiplications is (16/2)x10g,(16)=32.

: ,_Em_:‘y__:: " 4 points _!| 1 & points :

j1r== Rl [ adiaiaiaiide H
|

.-a' -—.a- o

T

g~

| ! /\ : :X(ll)
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Figure 6. 16-points decimation in time FFT algorithm [19].
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3.4 Mimo Detection

Spatial multiplexing (SM) technique increases the capacity gain linearly by increasing
number of transmitter and receiver antennas without requiring any additional spectral resources.
The relation between the transmitted and received signal for N, transmitter antennas and N,
receiver antennas MIMO channel is given by [5]:

v=Hx+n (11)

where x=[X1, Xa,..., th]T and y=[vy1, Y2, ..., :.ryr]T are transmitted and received symbol
vector respectively. n=[ns, np, ..., ny ] is additive white Gaussian noise vector with

variance @ . H is Np< Ny MIMO channel matrix. For 2 x2 MIMO channel:
Y1 _ [ hlz] x1] | [nl
[yz] N [hn ol b2l * [n2) (12)

Where hi3,hi2,h21 and hy, are random independent coefficients of channel matrix that are
generated from Gaussian random distribution and needed to be estimated at the receiver
side by using channel estimation techniques[7].

There are different MIMO detections techniques that are used to detect the original
data from the received signal in MIMO system. One of the simplest methods studied is
minimum mean square error (MMSE) linear detector. The output complex estimated
signal of MMSE detector can be expressed as [9]:

%amse = (HPH + ¢?1)71HRy (13)

where (.)™ is Hermitian transpose and | is identity matrix of size NxN; .

4. Mimo-Ofdm Implementation Using Xilinx System Generator

The block diagram of the proposed designed 2x2 MIMO-OFDM transceiver system
is shown in Fig. 7. Each block is built using Xilinx system generator (XSG) tools with
master clock period 10 ns. The parameters used for MIMO-OFDM system are
summarized in Table 2.

In transmitter side the random bit generator, with rate 100 Mbps, is scrambled using
chaos based stream ciphering method. The Convolution encoder encodes the binary
scrambled stream bits with code rate %, the output rate becomes 200 Mbps, and then
matrix interleaver is used to produce interleaved stream bits. 16-ADQAM modulation is
used and produces complex modulated signals with symbol rate 50 M samples/s. The
signal then converted from serial to 2 parallel samples to get rate about 100 M samples
/s. The signal after will be passed through the Inverse Fast Fourier Transform (IFFT)
block to produce the OFDM signal, here we ignore adding cyclic prefix guard. The first
signal is send in one antenna and the other in the second antenna. This operation
increases the capacity of the system by two to becomel00 M sample/sec. After that the
signals are corrupted with MIMO channel with flat fading channel and AWGN
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channels. In the receiving side linear MMSE MIMO detection is used to recover the
clean signals. Here we assume that the channel is perfected estimation therefore the
parameters of the channels are directed entered to the MMSE MIMO detection. All the
operations in the transmitted side are inversed in the received side to reconstruct the
binary stream bits. The detail descriptions of each block are illustrated in the next

subsections.
Table 2. MIMO-OFDM System Parameters
Antenna . Number of . Coding MIMO MIMO
Clock . . Modulation . Coding . L
configuration subcarrier rate processing Signaling
iv
V' N
System Resource S2P1
Generator Estimator Real 1 |_rp{in1 outl __|
rbin Real_2 P> out2 »in1 "?"e:g'i
Real2
outl » _|—> Din > QAM_I IFFT_1 L Imag2
In2 h11
In I P{In1 Dserial Doutl I " hll:[\
Random PRBG h12_r
Integer stream_ifjput reset reset » QAM_Q s2p2 »ins iz
Rag‘;‘:"e"ra':'éffer Ciphering onvolutional Code |Matrix Interleave] 16ADQAM Mod imagl_1 {12 outt i
Din | e h22 i
= N Imag_2 t~p»{In2 out2
v FFT 2 MIMO Channel
Fromé
Delay 74
Eror Regreway out3 E
Calculation
Tx
Eror Rate Rlidy |
Calculation INT ‘IReau 1 = "
Rx ant1_real R2(y Loz iz e
Gateway Outl received_| ¢ IN2 12 (4
isplay outl input Din Q—L - Imagl h11_r e FFT_1
outl received_Q P2s_1 i
‘l In1 {—]Output Dout 14
RES reset (e reset [CELF 2y
16ADQAM Demod I hi2.i 47
DeCiphering Convolutional Decoc Matrix Delnterleaver antl_real h21_r
IN2 ] outt  Int jeH
o h22_§ ouz  In2 [
reset Goto FFT 2
MMSE MIMO Detection
From5
. Binary .
100 OFDM with . Spatial
2%2 16 convolutio 1/2 MMSE S
MHz 16-ADQAM Multiplexing
nal code

Figure 7. XSG block diagram of MIMO-OFDM transceiver.

4.1 Transmitter Section

4.1.1 Random Stream Bits generator

Random integer generator block in Simulink is used to generate random stream bits
with Bernoulli distribution function. The data rate is 100 M bps.
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4.1.2 Data Ciphering Using Chaos

XSG block diagram of ciphering technique is shown in Fig. 8.The format operation
is 24 fixed point precision with 16 binary points.

Two chaotic logistic maps are implemented from Equation 1 and then compared
using relational block to obtain the PRBG that is used as key stream bits.

In chaotic logistic map generator, the single pulse is on only for one cycle to select
the initial condition. In the remaining time the feedback signal is selected in the
multiplexer.

Chaotic Logistic Map Generator-1
Xpr1 = agXy(1 - Xy)

1 1
1 1
1 1
ut sel a I
P e
: single plus P do Sonsant b RS »2 :
| Addsub b AP
| EEe | L [t 2T,
: Constant M Congant2 __ 4'M " :
! X,=0.939243 oy = i .
! L ! Key stream Bits
: L r ! . PRBG te=i  Ciphered Data
= et
Ut b xor  —p(1)
=t | Relational outt
1
! ut = [ a
: e =
1 single plusl do consant o RS a : int Assertl
: AddSubl " I’ X" | o
! foassosrs]-pyas D v ! v Original Data Source
1 Constant3 Muxd Constant5 H n+1
1
1
1
! Y0=0.16234 L o =4 |
. L < |n :
1 Delayl h
1
1

Chaotic Logistic Map Generator-2
Yp.1= 0¥l — )

Figure 8. XSG block diagram of ciphering mode.

4.1.3 Convolutional Encoder

The convolutional encoder 7.0 is Xilinx communication blockset that is IP core
implemented in XSG. Fig. 9 shows the convolutional code with the following
parameters: code rate=1/2, constraint length=7 and the code generator [133 171] in octal
form. The output of convolutional encoder is then converted to stream bits by using
parallel to serial converter.

~—> data_in

data

Convert

—‘—‘} P
@T rst data_out_v 1

reset en & s
Dserial
rst
1 en Parallel to Serial
enable Convertl
Convolution Encoder 7.0 1 Z'(Z;ag
enablel

Figure 9. XSG block diagram of convolutional code.
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4.1.4 Block Interleaver

Interleaving is effective way to delete the effect of burst errors due to channel noise.
It works by spread out the burst errors to be appeared as random at the decoder. One of
the most used type for interleaving is block interleaver.

A block interleaver is implemented by writing the bits into a matrix row by row and
then reading them column by column [17]. Fig. 10 shows XSG block diagram of block
interleaver for 4x4 matrix.

Direction of writing

C—— >

[

g £y

z

4 T

% o e e
:ﬁ L Ll 52
E VEREE] m
T g e

Figure 10. XSG block diagram of block interleaver.

4.1.5 16-ADQAM Modulator

XSG block diagram of 16-ADQAM modulation is shown in Fig. 11. The stream
interleaved data is converted to parallel four bits {bsb,b;bo} by using serial to parallel
blockset. Each two bit is concatenated to unsigned value using concatenate blockset and
used as addressing in RAM memory to select one of the following phase { 0,1.5708, -
1.5708, 3.141} with fixed point of word length=13 and fractional bits length=10, this is
suitable format for this function.

After that sine and cosine functions of the differential angle (A8) are calculated using

CORDIC SINCOS blockset to produce e, Then, e and e*% are multiplied by

C.(i-1) and D((i-1) respectively using complex multiplication (CM) block to produce
C.(i) and Dy(i) as in (3) and (4) respectively. Complex multiplication block is shown in
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Fig. 12. Finally, the complex s(i) can be calculated using AddSub blockset between
Ci(i) and D(i) according to (2).

2t pl—

1
Serial to Parallel

4.1.6 Serial to parallel Converter

)

enable2

Figure 12. XSG block diagram of two complex number multiplication.
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Figure 11. XSG block diagram of 16-ADQAM modulation.
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The serial 16-ADQAM symbols are converted from serial symbols to two parallel
symbols using serial to parallel block shown in Fig. 13.This produce two symbols one
to be used for the first channel and the other for second channel to produce two
transmits signal. We need two block of serial to parallel converter one for real and the
other for imaginary part.

dout’

LFSR1

Figure 13. XSG block diagram of serial to parallel converter.
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4.1.7 Inverse Fast Fourier Transform (1fft)

In the first the signal is converted to parallel 16 samples as shown in Fig. 14. The
XSG block diagram of serial to parallel converter of 16 samples is shown in Fig. 15.
The complex parallel 16 samples are then ready to enter into IFFT to obtain OFDM
signal. IFFT converts the ADQAM signal from frequency to time domain. These 32
parallel complex symbols split into two frame each of 16 complex symbols. The first
frame entered the first IFFT block to produce the first OFDM complex signal and the
second 16 complex symbols are entered to the second IFFT block to produce the second
OFDM complex signal. Fig. 16 shows XSG block diagram of IFFT. In the first the 16
complex signals are shuffled according to bit reversal order. After that the shuffled data
is passing through Stage 1, Multiple_1, Stage_2, Multiple_2, Stage 3, Multiple_3 and
Stage_4 modules that it are implemented using XSG as shown in Figs. (17-23)
respectively. Each format operation is fixed points with 20 word length bit and 16
fractional bits. This format is optimum choose for IFFT when compared with that of
Matlab values we obtain about 0.005 mean square error.
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Figure 14. XSG block diagram of IFFT.

Figure 15. XSG block diagram of serial to parallel 16 samples
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Figure 16. XSG block diagram of 16 points decimation in time IFFT.
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Figure 22. Multiple_3 Module of IFFT Figure 23. Stgae_4 Module of IFFT

The 16 parallel OFDM signal is then converted to serial symbols again using parallel to
serial converter. It is required two converters for each OFDM signal one for real and the
other for imaginary part. Fig. 24 shows XSG block diagram for one of parallel to serial
converter. These two serial complex OFDM signals are spatially multiplexed over
MIMO channel.
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Figure 24. XSG block diagram of parallel to serial converter

4.1.8 MIMO Channel

Fig. 25 shows XSG block diagram of 2x2 MIMO flat fading with AWGN channel.
Each element in H matrix {hi1,hi2,ho1 and hy,} is implemented using white Gaussian
noise generator blockset in communication Xilinx reference blockset.
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Figure 25. XSG MIMO block diagram of flat fading with AWGN channel.

168



Journal of Engi ing and S inable Develop t Vol. 21, No. 01, January 2017 www.jeasd.org (ISSN 2520-0917)

4.2 Receiver Section
4.2.1 Fast Fourier Transform (FFT)

In the first, the received two complex signals are converted into 16 parallel samples.
It is required two converters for each received signal one for real and the other for
imaginary part. The total 4 serial to 16 parallel converters required. Secondly, the
parallel samples are entered into FFT to recover the original modulating signal and after
that re-back to serial sample. Fig. 26 shows XSG block diagram of FFT. XSG block of
FFT is identical to IFFT block only difference the twiddle factor becomes conjugate.
Also serial to parallel and parallel to serial is identical to Figs. 15 and 25 respectively
only difference is setting times.
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Figure 26. XSG block diagram of FFT.

4.2.2 MMSE Signal Detection

Fig. 27 shows the XSG block diagram of MMSE 2x2 MIMO detection. We assume
here the channel matrix is perfect estimated, therefore the coefficients of H matrix is
directly entered into the MIMO detection.
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Figure 27. XSG block diagram of MMSE detector.
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4.2.3 16-ADQAM Demodulator

XSG block diagram of 16-ADQAM demodulation is shown in Fig. 28. This system
is implemented according to (7-10). Fig. 29 shows XSG block of bit detection that is
implemented according to (9) and (10). The precision format of C, and D, are 20 fixed
points with 16 fractional bits. Cast blockset needs to convert 20 fixed points precision to
6 fixed points with O fractional bits.

R
e

F C
axbf— P20
b
Threshold1

N
1y

;

enablel

Figure 28. XSG block diagram of 16-ADQAM demodulation.

MMMMM

a) Bit Detection (bg b4) b) Bit Detection (b, bs)

Figure 29. XSG block diagram of bit detection module.

4.2.4 Block Deinterleaver

The same block interleaver can be used to deinterleaver and recover the original
stream bits and its addressing.
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4.2.5 Viterbi Decoder

Fig. 30 shows XSG block diagram of Viterbi decoder. In the first the serial bits it is
converted to parallel 2 bits and then using Viterbi decoder version 7.01 Xilinx blockset
to decode the signal. The parameters of the block are constrain length=7, hard coding,
output rate=2 and code generator [133 171] in octal form.
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Figure 30. XSG block diagram of Viterbi decoder.

4.2.6 Descrambling Using Chaos

The block diagram of deciphering is identical to that at transmitter the only different
is the pseudo random bit generator followed by delay components. This delay
component must be found by time synchronization between the transmitter and the
receiver. This work does not exist here.

5. Matlab Simulation Results

The MIMO-OFDM system is simulated using Matlab 7.12 with the following
parameters: 16 subcarrier numbers, convolutional code (7 constraint length, %2 code rate
and [133 171]octar generator polynomial) and 2x2 MMSE MIMO detection. Fig. 31
shows the performance comparison of MIMO-OFDM under flat fading channel with
and without channel coding. We assume in this simulation the channel is perfect
estimated. It is seen that from this figure at BER=107, there is 7 dB gain can be added
by using convolutional code.
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Figure 31. Performance of MIMO-OFDM system over flat fading channel.
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6. Xsg Simulation Results

The Resulting waveforms that explain the outputs of each component in MMSE
MIMO-OFDM system that are implemented using XSG are plotted using MATLAB
program. Fig. 32 shows XSG simulation waveforms of ciphering system. X, and Y, are
chaos signals used to generate the key signal, PRBG where is adding mod 2 with
original data source to produce ciphered message. The bit rate is remaining the same.
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o5 ] |11 ] I e
. - | | | r oo
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Yn Choas Signal
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. M ] ———] 1] ]
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0 5 10 15 20 25 30 35 40 45 50
Time(s)

Figure 32. XSG simulation waveforms of the ciphering system.

Fig. 33 shows XSG simulation waveforms of convolutional code. It can be seen from
this figure the rate is increased by two to become 200 Mbps. Fig. 34 Shows
Experimental signals of Matrix Interleaver for 4x4 matrix. The control signal is used to
start loading the signals to registers to become serial at the output of multiplexer. This
signal becomes on every 16 bits cycle.

The output rate remains the same. Fig. 35 shows XSG simulation waveforms of 16-
ADQAM modulation. As can be seen from this figure the rate at the output of serial to
parallel converter is 50 M samples/sec (20 ns).

The 16-ADQAM signal is parsing into two signals one for each channels to become
the rate 100 M samples/sec (40 ns). Fig. 36 shows the OFDM transmitted complex
signals the received complex signal and the MMSE detection complex signal of the first
channel. Fig. 37 shows the comparison results between transmitted and received signals.
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Figure 33. XSG simulation waveforms of convolutional code.
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Figure 34. XSG simulation waveforms of Matrix Interleaver for 4x4 matrix.
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Figure 35. XSG simulation waveforms of 16-ADQAM modulation.
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Figure 36. XSG simulation waveforms of OFDM and MMSE detection.
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Figure 37. Comparing transmitted and received data.

7. Synthesis Report

After completing system design and simulation results, VHDL Code or Bitstream
file is generated using select device which is virtex 4. Fig. 38 shows the parameters of
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system generator. Resources used for the system are found by using ISE 14.1 program

as shown in  Table 3.
B System Generator: MIMOOFDN
¥ & @
Compilation Clocking General

Compilation :

(2] | HOL Netiist | Settings ..

Part:

[>])|virtexs xcavsxSS-101f1148

Synthesis tool : Hardware description language :

XST - VHDL -

Target directory :

/netlist Browse... J

Project type :

Project Navigator -

Synthesis strategy : Implementation strategy :

Create interface document eate
Performance T:ps]\ 1 Generate } | OK ‘ [ Apply 1 ‘ Cancel J \ Help
Figure 38. System generator parameters.
Table 3. Development system resources
Device Utilization Summary

Logic Utilization Used Available Utilization
rMumberof Slice Flip Flops 10,361 49 152 21%
Mumberof 4 inputLUTs 28,128 49 152 BT%
Mumber of occupied Slices 17 463 24 AT@E 71%
Mumber of Slices containing anly related logic 17 463 17 436 100%
TotalMumberof 4 input LUTs 31,365 49 152 G63%
Mumberof bonded|OBs 15 G40 2%
Mumberof BUFG/BUFGCTRLS 1 32 3%
Mumbperof FIFO 16/RAME 165 4 320 1%
Mumberof DSF 485 450 512 87 %

8. Conclusions

In this paper, 2x2 MMSE MIMO-OFDM system is implemented using Xilinx
system generator with the following adding features: increasing security of the system
using chaos stream ciphering, using 16-ADQAM modulation to solve the ambiguity problem
and implement FFT in pipelining way. The results show that the signal is recovered in correctly
at the receiver side and the VHDL code file can be generated in successful when Xilinx Virtex-4

device is used.
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