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ABSTRACT

Advancement in the field of communication has led to highfspeed data transfer in many audio and
video applications at affordable rates. Wireless Interoperability. for, Microwave,Access is_one the
technology that is used for this purpose. It includes the process of compressing, modulating the
signal, Inverse Fourier Transform and cyclic prefix'addition at the transmission end. It also includes
the cyclic prefix removal, Fourier Transform, demodulationyof the signal“andiydecompression at the
receiver end. The compression ratio and thefsignal to noise ratie is also found. In this paper, all the
process involved in the design of W-Max Transceiver,is discussed. Here, a framework that proposes
energy mapping techniques such as task and core“mapping is also diseussed and the results are
compared. All the components used in this Wi-Max Transceiver are madelled using Verilog HDL and
the processing unit (PU) type usednis.the Nios Il Processor. The aréa and the maximum frequency is
obtained using Quartus Il software.

| . INTRODUCTION

Miniatdrization, of electroni¢c. components has led to the introduction of complex
electronicssystems which, are integrated onto a single chip, so-called systems-on-a-chip
(SoCs)[1].. At the same time, performance requirements are increasing. The required
perfermance,of the system cannot be done by single processor systems. If achievable at all,
this performance would come ‘with an enormous power consumption and serious cooling
problems, due“to the necessity of very high clock speed. Currently, we can achieve the
necessary performance, by using several processors with moderate [3] clock speeds. Thus,
many of the available SoCs contain several processors, which make them multiprocessor
systems on a chip (MPSoCs). Thus, due to the involvement of many processors, this MPSoC
architecture can be used for many applications. So the energy consumption may be high. But,
they can be reduced to a greater extent by optimizing the tasks performed by the blocks and
the positions of the blocks in the MPSoC architecture,.. There are several optimization
techniques available for this process. The techniques include Simulated Annealing
Algorithm, CPLEX solution, Energy Aware Mapping etc.

The energy consumption will include static energy, dynamic energy, re-configurable
energy and communication energy [1]. Previously, only static and dynamic energy was
considered in Mapping technique. Thus, we propose a heuristic that considers both re-
configurable energy and communication energy. Then, the MPSoC architecture will be
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obtained from task mapping and core mapping techniques. The proposed heuristic is used in
implemented in a Worldwide Interoperability for Microwave Access (Wi-Max) Transceiver
and its performance is evaluated.

High speed internet access at affordable cost has attracted huge number of users. In
this present situation, Worldwide Interoperability for Microwave Access (WiMAX) have
emerged as a low cost solution to broadband access [4]. The long range transmission with
both high bandwidth (BW) and data rate makes WiMAX an obvious choice for industry
applications. The IEEE 802.16e standard has introduced the subscriber’s mobility, improving
the capability of a wireless network. Better spectrum utilization is assured by adopting
OFDM technology in physical layer design. The design of thesWi-Max Transceiver is as
follows.

Wi-Max transmitter

Serial data
] QPSK FF
InputImage =] DCT| sl e lmodulai| = |°F°
» |on -
. .

Wi-Max Receiver

Serial data
QPSK
Reconstructed &= 0CT o |demappi | o« |FFT
Dia ng

Fig 1. Wi-Max Transceiver

1. WI-MAX"TRANSCEIVER

The word Wi-MAX is an acronym for “Worldwide Interoperability for Microwave
Access” [10], It is a broadband Fixed Wireless Access system with the goal of delivering
portable and mobile wireless‘connections on a metropolitan scale. It has been designed for
point-to multipoint operation,(i.€) between one base station (BS) and several subscriber
stations (SS). The specifications for both fixed Line of sight (LOS) communication are in the
range of 10-66 GHz (IEEE802.16¢), and fixed, portable, non-LOS communication are in the
range of 2-11 GHz (VIEEE 802.16d & IEEE 802.16a). WiMAX is unique because of its
design. Its design can deliver maximum throughput to maximum distance while offering
99.99 % reliability [10]. The block diagram of Wi-Max Transceiver is shown below.

WiMAX OFDM PHY::

Wi-Max OFDM is a multicarrier transmission scheme The information can be transmitted
on multiple subcarriers, The carriers can be divided into three types:

e Data carriers for data transmission.

e Pilot carriers for various estimation purpose.
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e Null carriers no transmission at all, for guard bands and DC carrier.

The implementations of Wi-MAX is different from OFDM PHY. The Fixed WiMAX,
which is based on IEEE 802.16-2004, uses a 256 FFT-based OFDM PHY. Mobile WiMAX,
which is based on the IEEE 802.16e-2005 standard, uses a scalable OFDMA-based PHY with
FFT sizes from 128 to 2048.

WI-MAX TRANSMITTER

The functional blocks which compose the WiMAX transmitter. are shown above [12].
The Data Units are fed into the DCT block to compress the data. Then the output is fed to the
serial to parallel convertor to convert the serial bits intogarallel bits. Then, the obtained bits
are spreaded using the spreader. Then the data is interleaved by interleaver and mapped into
symbol. Afterwards, the mapped data enter intofthe OFDM modulation“which consist of
assemble OFDM frame, 256 IFFT and cyclicprefix insertion. Themthe data is transmitted
over a channel. Data is fed in the form of image to matlab to convert to-hexadecimal values.
Then these values are given as inpdt to smodelsim “for further process involved in
transmission.

WI-MAX RECEIVER

The functional blocks which compose.the WiMAX receiver as shown in the figure are
the reverse functional blocks of WiMAX transmitter.[12]. The received data coming from a
channel is fed intd the OFDM demodulation, which consist of removal of CP, Fast Fourier
Transform (256 FFT) and disassemble OFDM frame. Then, the data demapping is performed
by de-mapper and afterwards the demapped data enter the channel decoder. Channel decoder
consists‘of de-interleaver, deseperator, The final block in receiver is the parallel to serial
convertor that is used to convert.the obtained parallel output into serial data. Then we can do
IDCT to extract, the compressed data. After decompressing the data, the .txt file that was
generated fromIDET will be fed to Matlab to reconstruct the original image.

111 . PERFORMANCE RESULTS

DISCRETE COSINE TRANSFORM (DCT)

Discrete Cosine Transform (DCT) is a lossy compression scheme in which a NxN
image block is transformed from the spatial domain to the DCT domain. DCT decomposes
the signal into DCT coefficients which are spatial frequencies components. The lower
frequency DCT coefficients appear toward the upper left-hand corner of the DCT matrix and
the higher frequency coefficients are in the lower right-hand corner of the DCT matrix. The
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high frequency components will be removed to achieve compression. This method is
followed in both row-wise and column-wise of the matrix to obtain 2D-DCT. Thus the data
will be compressed more. Compression ratio is the ratio between the uncompressed size and
the compressed size. Here, the compression achieved is 17.8 and Signal to Noise ratio is
2.1db. For the original image shown below, the obtained output of DCT is as follows.

Fig 2. Original Image

[ —— -
Fig 3. DCT

SERIAL TO PARALLEL CONVERTER

Input data is fed serially. Once the data has been clocked in, it may be either read off
at each output simultaneously, or it can be shifted out and replaced.

In cases whereihe parallel outputs should not change during the serial loading
process, it is desirable o use a latched or buffered output. In general, the practical application
of the serial-in/parallel-out shift register is to convert data from serial format on a single wire
to parallel format on multiple wires.

Fig 4. Serial to Parallel Converter
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INTERLEAVER / DEINTERLEAVER

An interleaver, also known as a slicer, is an optical filter having at least one input and
two complementary outputs. The data is interleaved by a block interleaver with a block size,
which depends on the number of coded bits per allocated subchannels per OFDM symbol [9].
Interleaving is done to protect the data from burst errors during transmission. Conceptually,
the in-coming bit stream is re-arranged so that adjacent bits are no more adjacent to each
other. The data is broken into blocks and the bits within a block are rearranged. Talking in
terms of OFDM, the bits within an OFDM symbol are rearrangedsin. such a fashion so that
adjacent bits are placed on non-adjacent subcarriers.

As far as De-Interleaving is concerned, it again réarranges the bits into original form
during reception.

QPSK MODULATION

In the modulation mapper, the interleaved bits are converted to.a sequence of complex
valued symbols. WiMAX supports different, modulationsschemes such as QPSK, BPSK
etc.The modulation constellation used in WiMAX isftwo types of\phase shift keying (PSK)
modulation (binary (BPSK) and quadrature (QPSK))and two types of quadrature amplitude
(QAM) modulation (16QAM and 64QAM). Her QPSK modulation was used.

A QPSK modulator can be implemented as follows [11]. A demultiplexer (or serial to

parallel converter) is used to separate odd and even bits from the generated information bits.
Each of the odd bits (quadrature arm) and even bits (in-phase arm) are converted to NRZ
formatin a parallel manner. The signal on the in-phase arm is multiplied by cosine
component and the signal on the quadrature arm is multiplied by sine component. QPSK
modulated signal is obtained by adding the signal from both in-phase and quadrature arm.

Fig 5. QPSK Modulation
INVERSE FAST FOURIER TRANSFORM (IFFT):

To convert mapped data, which is assigned to all allocated data subcarriers of the
OFDM symbol, from frequency domain into time domain, the IFFT is used [8]. We can
compute time duration of the IFFT time signal by multiply the number of FFT bins by the
sample period. Zeros are added at the end and beginning of OFDM symbol. These zero
carriers are used as guard band to prevent inter channel interference (ICI).
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Fig 6. IFFT

CYCLIC PREFIX INSERTION (CP):

To avoid inter symbol interference (ISI) a cyclic prefiXx'is inserted before each transmitted
symbol [12]. That is achieved by copying the last part of an"OFBM symbolte.the beginning.
WIMAX supports four different duration of cyelicprefix (i.e. assuming G isthe ratio of
guard time to OFDM symbol time, this ratiods equal to 1/32, 1/6, 1/8 and 1/4). In order to
preserve the sub-carrier orthogonality and_the independence of subsequent,OFDM symbols, a
cyclic guard interval is introduced. The"guard period is specifiedyin terms of the fraction of
the number of samples that make up an OFDM symbol. The cyclic\prefix contains a copy of
the end of the forthcoming symbol. Addition of cyelic prefix results in circular convolution
between the transmitted sigmal and the channel “impulse .fesponse. Frequency domain
equivalent of circular convolutionwis, simply the multiplication of transmitted signal’s

frequency response and channel frequency response, therefore received signal is only a scaled
version of transmitted signal (in frequeney domain)jhence distortions due to severe channel
conditions are eliminated. Removal of cyclic prefix is then done at the receiver end and the
cyclic prefix—free signal is passed through the various blocks of the receiver.

FAST FOURIER TRANSFORM (FFT)

To convert received data from time domain to frequency domain, the FFT is used [8].
Afterward, the zeros, which were added at the end and beginning of OFDM symbol (guard
bands) at the transmitter are removed from the assigned places.

Fig 7. FFT
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QPSK DE MODULATOR

The demodulator is used for de-mapping purpose. The demodulator assumes that the
original message data stream was split into two streams, A and B, at the transmitter, with
each converted to a PSK signal. The two PSK signals were then added, their carriers being in
phase quadrature.

The demodulator consists of two PSK demodulators, whose outputs, after analog-to-
digital (A/D) conversion, are combined in a parallel-to-serial converter [11]. This converter
performs the recombination of the two channels to the original single serial stream. It can
only do this if the carriers at the demodulator are synchronousszand correctly phased, with
respect to those at the transmitter.

Fig 8. QPSK Demodulation
PARALLEL TO SERIAL CONVERTOR:

Here, the parallel data [9] that is obtained from the previous blocks is converted into

serial data so that we can extract the compressed data. This parallel to serial convertor is an
inverse of serial to parallel convertor. It also contains shift register.

Fig 9. Parallel to Serial Converter

INVERSE DISCRETE FOURIER TRANSFORM (IDCT):

The inverse discrete cosine transform (IDCT) decodes an image into the spatial
domain from a representation of the data better suited to compaction [12]. IDCT-based
decoding forms the basis for current image and video decompression standards. The input to
the IDCT comes after the de-spreading. An 8x8 block of input values range from -2048 to
2047 and output values in the range -256 to 255. This information is used to reconstruct the
image.
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Fig 10. IDCT

The comparison between the input image and the reconstructed image is shown below.

Original Image
Output Image

There are some errors in the reconstructed image due to noise and burst errors. These errors
can be removed using Forward Error Correction Mechanisms.

IV . ENERGY'AWARE MAPPING TECHNIQUES.

Mapping Techniques consider energy as the main parameter. Thera are two types of
mapping techniques namely task and core mapping.Quartur Il tool was used for these
techniques.

TASK MAPPING

Task mapping is based on a cost function that considers static, dynamic, and
reconfiguration energy costs [1]. There is no corresponding available communication cost
before initial mapping. The set of tasks with the minimum cost function is included and all
the tasks are arranged based on utilization in descending order[1]. This heuristic starts
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mapping tasks to the PUs with lower static power first. This increases the chance to pack
more tasks into the instance with lower static power consumption, and contributes
accordingly to the total energy saving.

The PU types are sorted in ascending order according to the static power
consumption. Subsequently, the new energy cost is computed for each task on each PU
instance . The new energy cost on each instance consists of static, dynamic, and
reconfiguration energy. Thus, the task is mapped with the minimum total estimated cost.
After mapping, the total utilization for each scenario Sm , andsthe mapping variable is
updated. The algorithm of task mapping is shown below.

T, @V PP
Z-m,_?..‘c =0¥ 5. 8, ]I'J‘j':;c P
U =09 5,8, ;P
for each ¢; € T do
Determine P; type which minimizes the expected energy consumption
based on static, dynamic, and reconfiguration energy costs only such
that f; ; = 1 and u; ; < 1.
Py arg min {u; ;o + K77,500,5 4 7imi, 37 5 )
Ti T Ut}
end for
Sort PU types F?; € P in ascending order according to static power
consumption
for cach P; € P do
Sort all tasks in T; in descending order according to the utilization
Uiy
for each t; € 7; do
for each pyr v € P do
Let Sy, be the set of scenarios which host task ¢;

.S'_n:r).si!-_J-a K= E XmTm ZTIa,_‘,l",k"r'T;"’

Sm €8,
D_cost; ji g = KT 5085 4
B’_COSEL_;?'\R" = ?’17’?1,;.""5_3;
Closty jr e = S_costy o + D_cost; g pr + B_costy o 0
end for
Assign t; to ﬁj‘.k such that:
P55+ arg min {Cost; j 3},
o Byt gt
1V S ES, and f, ;=1
> r o -
: “1.5 W .3”,:_ L~ :E‘Jr,__
.-14’1\}'\;‘\ 1

end for

Fig 11. Task Mapping Algorithm

CORE MAPPING

Core Mapping is used to locate each utilized PU instance in a specific NoC position
such that the communication energy is minimized [1]. This core mapping is based on the
most recent task mapping. The set of utilized instances and The set of mapped and
unmapped PU are taken into consideration. The core mapping is determined based on the
average number of transactions between the different instances. The algorithm tends to map
the instances with a larger number of transactions as close as possible [1]. This heuristic
creates system level floorplanning to build a custom NoC architecture that is well suited for
the target heterogeneous platform.
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The algorithm for core mapping is given below.

P° < Set of occupied instances that host tasks
Pp=9¢; Pu.=7P%
R <« Set of feasible positions in X-Y plane
Navg_out;y, + Average 2-way comm. cost with each p;
i ke arg max {Navg_out; i}
i P kEP
Xtk = (0:0)
r < Area bounded by (X;’”” ,yman y and (XIT'WI Jymaz

mskm " dm o km mikm " im,km

Pp = Pp Py o 5 P = Pu\Djy ks B = R\1:
while P, # ¢ do

Djm km — arg max {2-way comm. cost with instances in P}

’ P,EP,
(Xmin yman ) — (X|Y) € R that minimizes the comm.
Jmkm? " dm.km R .
energy cost with the between p; . .. and placed instances.

, " min min - max max
r < Area bounded by (X 7T, YITUk ) and (XT0L YT k)

Pp = PplUPip ks Pu = Pu\Dj ks R=R\r;
end while

Fig 12. Core Mapping Algorithm

The performance of the proposed heuristic for @ set of realistie,benchmarks that are

widely used in Wi-Max Technology. Thed€omponents that.are used can bewused for different
applications also. These applications”are ‘profiled and divided, into/individual tasks as
presented by the task graphs .
A total of 11 execution scenarios are assumed, ‘where each ane comprises of single or
multiple applications with equal latency requirements, and different throughputs. The
different scenarios with their “corresponding execution probabilities are taken into
consideration. Here Nios Il processor was considered as PU.

The area summary ofi,the techniques are given below.

Fig 13. Task Mapping Fig 14. Core Mapping

Thus, the PU types used for basic computations are sorted in ascending order according to
the hierarchical structure of IP cores and initial core mapping for each utilized PU instance
in a specific positions. All instances are mapped in different locations. The power dissipation
from the core mapping technique is 104.15mW.
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The comparison table for the mapping techniques is shown below.

S Tre | Ar | Fmar

Core Mapping 11,464 88.91 MHz

TASK 11,091 85.6 MHz
Mapping

Thus, it is seen that the task mapping technique uses less area than the core mapping
technique.

V. CONCLUSION

Wi-MAX technology brought revolution in both fixed and mobile wireless communication.
In present communication world, wireless communication does highispeed data transmission.
The Wi-Max Transceiver was designed using thediscussed procedure as shown above. All the models
used were conventional models. The image inputi\was given threugh matlab and the output was taken
from matlab using the .txt file. The output was fond to be in match with theoriginal data. Then the area of
transceiver was obtained using the energy mapping technigues. Finally the area and maximum frequency
was compared. The implemented PHY layer model stilhineeds some improvement in terms of
rectifying errors. The channel estimator can be implemented to obtain a depiction of the

channel state to combat the effects‘of the,channel using an equalizer.
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