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ABSTRACT

In this paper, we have evaluated the performance of an OFDM/HL-16QAM system for achieving high speed
data and high quality image transmission. OFDM/HL-16QAM system is an OFDM system which employs a
hierarchical 16QAM and has the capability of reliable high speed data service and simultancous transmission of
differentiated two quality of data sireams in severe multipath fading channel. The wireless channel for
performance evaluation is assumed to include AWGN and multipath fading.

Through simulation, we have obtainred the BER performance of the OFDM/HL-16QAM system for data
transmission according to Eb/No and the number of subcarriers, and then suggest the minimum required average
SNR to satisfy both high quality and low quality of data services. For application of image transmission, we have
proposed the OFDM/HL-16QAM system adopting fixed length DCT based coding to achieve reasonable image
compression tate and obtained the optimal hierarchical modulation parameter maximizing PSNR(Peak Signal to
Noise power Ratio) of received still image. Then, it has been shown that the received image quality of the
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proposed system with optimized hierarchical modulation parameter is better than that of conventional OFDM/16QAM

system. Also, the upper bound and lower bound of PSNR achieved by the proposed system are obtained.
From the result, it is found that the OFDM/HL-16QAM system is more effective for mobile multimedia

services.

I. Introduction

Recently, there has been an increasing demand
for multimedia transmission, such as the
transmission of text data, voice and images, in
mobile communication systems [1],[2]. In order to
provide such multimedia services with high speed
transmission and higher bandwidth efficiency,
OFDM is expected to be the most appropriate
scheme,

In OFDM, transmission is cartied out in
parallel on the different frequencies [3]-[5]. That
is, the entire channel is divided into many narrow
band subchannels, which are transmitted in
parallel, thereby, increasing the symbol duration
and reducing the ISI. The carrier spacing is
selected such that modulated camriers are
orthogonal over a symbol interval. In addition, a
guard interval (cyclic prefix) is inserted in order
to combat the frequency selectivity of the
channel. Therefore, OFDM is an effective
technique for combating against multipath fading
and for high-bit-rate transmission over mobile
wirgless channels [6],[7].

In paper [1], hierarchical transmission system
was proposed to transmit still image in mobile
communication. The system  composed of
higrarchical source coder and corresponding
channel coder, divides the information into several
layers  according to  their  significance, and
transmits each layer with different reliability
according to their layers. Some source coding
schemes, such as DCT {(Discrete Cosine
Transform), can divide image into several part
according its spatial frequency. These
characteristics of DCT and unequal reliability of
transmission according to importance of the DCT
transformed image data can be used for high
quality image transmission. In paper [B8], the
performance of an image transmission system

employing DCT based fixed length coding scheme
for achieving reasonable compression rate was
evaluated in fading environment.

In this paper, we obtain the BER performance
of OFDM system employing hierarchical 16Q0AM
(OFDM/HL-16QAM system) for data transmission
by simulation. Then, we show that the system is
more effective than conventional OFDM/16QAM
on multipath fading channel in point of required
EwWNo to meet high quality and low quality of
data services simultaneously. Next, we propose the
OFDM/HL-16QAM system adopting DCT based
fixed length coding scheme and show that the
system is effective for image transmission by
comparing received image quality of OFDM/HL-
16QAM  system with that of OFDM/16QAM
system. Also, the optimum hierarchical parameter
maximizing the received image PSNR(Peak Signal
to Noise power Ratio) is suggested and the upper
bound and lower bound of PSNR achieved by the
proposed system are obtained.

This paper is organized as folows. In section
2. the principle of hierarchical 16QAM system
adopting DCT based fixed length coding is
described. Section 3 shows the system model of
proposed OFDM/HL-16QAM and the signal
representation of OFDM system. In section 4,
simulation results are represented and the paper is
concluded in section 3.

K. Hierarchical 16QAM with DCT
based fixed length coding

The block diagram of hierarchical 16QAM
system is shown in figure 1. After an image
source data is divided into subblocks, they are
converted to frequency domain by 2 dimensional
DCT. Then, DCT coefficients are quantized, and
DCT based fixed length coding is applied for
image compression as shown in figure 2 (“lenna”
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: 256 level monochrome image) . By using the
bits allocation map in figure 2, where the number
in each square shows the number of bits allocated
for each DCT quantized coefficient, one subblock
image (8x8 pixels, 8 bits per pixel) is
compressed (compression rate : 22.27%), and the
compressd image results in 30.7[dB] of PSNR. In
this paper, these DCT based fixed length coded
data are divided again to lower frequency
components (base layer) and higher frequency
components  (refinement  layer), then final
hierarchical 16QAM mapped output signals which
consists of 4 bits (two bits from base layer and
two bits from refinement layer) are generated.
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Fig. 1 Block diagram of hicrarchical 16QAM system with

DCT based fixed length coding.
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Fig. 2 Bit allocation map and the test image “lenna™
(256 level monochrome) with no transmission error.

The constellation diagram of hierarchical 16QAM
In this figure,
Dy, and D, are the minimum distance between

modulation is shown in figure 3.

clusters and the minimum distance within the
cluster, respectively. The first two bits (base
layer) determine the one of the four subplanes
and the next two bits (refinement layer) determine
one of the four constellation points within a
cluster, respectively. In this system, by controlling
hierarchical modulation parameter (A= D,/D,), the
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performance of each two layered bits can be
adjusted. In AWGN channel, the BER (P,) of

base layer and the BER (P_)} of refinement

layer are approximately given by [9],
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where ¢ is the CNR at the receiver front end
and erfc(-) is complementary error function

defined by, en‘c(x)=72—7r— Lmexp(—tz)dt.
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Fig. 3 Constellation diagram of the hierarchical 16QAM.

Since the hierarchical 16QAM mapping has input
bits which is coded by DCT based fixed Iength
expected that the
compression rate can be obtained and there may

coding, it is Teasonable
be the optimum hierarchical modulation parameter
maximizing the PSNR of reconstructed image at
the receiver in fading environments. The PSNR of
256 level monochrome image is defined as [8],

PSNR=10l0g - [dB). )

o%, is the mean square of the difference between

the original image and the comptressed one.
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H. System Model of OFDM System
employing Hierarchical 16QAM

The block diagram of OFDM transmitter
employing hierarchical 16QAM is represented in
figure 4, where, for simplicity, we have ignored
the filters inherent in all communication systems.
The N serial hierarchical 16QAM data symbols,
spaced by at=1/f, where £, is the symbol rate
and At is symbol duration of serial data, are
first converted to parallel form by the serial-
to-parallel (8/P) converter and then modulate N
subcarriers, The modulated subcarriers are all
added, multiplied by the carrier, and then
transmitted to the channel. The constellation of
the system is represented in figure 3. The
subcarrier frequencies are separated by multiples
of 1/7T so that, if signal is not distorted in
transmission, the coherent detection of a signal
element in any one subchanmel of the parallel
system gives no output for the received element

in any other subchannel. s'(# is medulated signal

by product operation of s(p and ™

1
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Fig. 4 The structure of OFDM transmitter.

The generated equivalent complex baseband
OFDM signal is written as

where A is a constant related to the signal
power, T, is the symbol duration, ¢,; is the
hierarchical 16QAM symbol transmitted to the i-th
subchannel in the n-th OFDM symbol interval

[ 2T, (n+1)T,] and f, is the frequency of the
i-th subcarrier. p(#) is a pulse shaping function
expressed as

T<t<T, )

_I1,
p(t)—{ a, othertwise’

where T, is a guard interval of OFDM signal.
The time difference between the symbol period
T, and the guard interval T, is the effective
symbol interval.

Since the orthogonality condition should be
satisfied, £, is represented as

i __ 1
f=7=Nar- ©

The transmitted OFDM signal represented in
equation (4} passes through multipath fading
channel modeled by two ray model. This two ray
model represented in figure 5 well describes
multipath propagation of VHF/UHF band [10].
The simplified impulse response of the fading
channel considered in this paper is expressed as

(1]

HH=&8+ 51— )e”, €]

where the parameters &4, r, and & are
respectively the amplitude, time of arrival, and
random phase of delayed multipath components.
In figure 5, we assumed that » and r are
constant value but # is random variable
uniformly distributed in [ 0,27).
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Fig. 5 Two ray multipath channel model.

Figure 6 shows the structure of the genemal
OFDM system receiver. At first, the received
signal is multiplied by the carrier frequencies, and
then passes through a bank of correlators. Finally,
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the coherently detected symbols are converted to
the seral stream by the parallelto-serial (P/S)
converter.
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Fig. 6 The structure of OFDM receiver.

The received signal after passing through
multipath channel is represented as

() =s(Hxh{+n() ©
=5 (A+bs(t—De®+nlty ,

where “*” reptesents a convolution operation and
n(t) is the additive white Gaussian noise with the
double sided power spectral density of A/2. In
the first part of the OFDM/HL-16QAM receiver,

the signal is down converted to the baseband.
The down converted signal is given as

AH =r(He 27
o ©)
= WD +n(ppe *"
where f, is the carter frequency, and »(§) is the

signal component of #(#) as to be [12],[13]

®o = A "_z_:mhg:am,—eﬁwp(tf nT
+ ;’.-L;: o P "iw"i:;eﬂﬁ‘“_ Op(t—r—nT)

(10)

IV. Simulation Results

Figure 7 shows the simulation block diagram of
OFDM/HL-16QAM system in two ray multipath
fading channel, where the wupper path is
transmitter and the lower path corresponds to the
receiver. After the generated bit streams are first
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mapped to hierarchical 16QAM symbols and the
serial symbol streams are converted to parallel
form, zero bits are inserted to this parallel form
symbols. Then IFFT block is used to modulate a
block of input hierarchical 16QAM symbols onto
a number of subcarriers. These modulated paraliel
data are converted to serial form of symbols,
which become OFDM/HL-16QAM signal. In the
receiver, signal demodulation process is performed

in reverse order of transmitter operation.
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Fig. 7 Simulation block diagram of OFDM/HL-16QAM
system.

Stmulation resulis on the bit error probability
have been obtained on the specific channel
condition. The system and channel parameter
values used for simulation of OFDM/HL -16QAM
systemm is presented in Table 1. In this simulation,
the guard time is not included, so effective
OFDM symbol interval is equal to FFT interval
at the receiver.

Table 1. Parameters for simulation.

Parameters Values
Hierarchical 16QAM
i Normalized delay( #/ T) 0.0303 ( = 31/1024)
. Attenuation coefficient (b) -6dB

Modulation type

Number of subcarricrs 64

Hierarchical modulation
01 —~ 1.0
parameter ( A)

1. Data Transmission

Figure 8 represents the time signal waveform of
OFDM/16QAM with 64 subcarriers. To obtain
actual OFDM signal waveform, after 960 zeros
are added to 64 input data, 1024 point complex
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IFFT is operated. Considered OFDM symbol is
comprised of 1024 output samples from complex
IFFT. These output samples are complex values,
so plot of real samples (a) and imaginary samples
{(b) are simulated, respectively.

(a) Real sample

affnmantmsmsm_7wmm1mo
(b} Imaginary sample

Fig. B Time signal of OFDM/16QAM system with 64
subcarriers.

Figure 9 depicts three constellation diagrams that
are derived from simulation of an OFDM/HL-
16QAM  system with 64 subcarriers, each
modulated by using hierarchical 16QAM. Figure 9
(a), (b), and (¢} show the constellation corres-
ponding to hierarchical modulation parameter (1
=1), (4=0.5), and (4=0), respectively. Figure 9
{a) and (c) are the same as 16QAM and QPSK
constellation, respectively. However, since the
hierarchical parameter A control the reliability of
each layer, the first half two bits within a symbol
(base layer) is more robust to channel distortion
than the last half two bits (refinement layer)
within it. In these figures, though the positions of
each constellation point are different, mean signal
powers of the three constellation diagram are the
same.

Figure 10 ~ figure 12 show the BER perform-
OFDM/HL-16QAM system. These
figures commonly show that the hierarchical
16QAM modulator improves the BER of base
layer transmission at the sacrifice of refinement
layer’'s BER.

ances of
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Fig. 9 Constellation for the OFDM/HL-16QAM system
in two ray multipath channel (Eb/No = 40 dB).

Figure 10 shows the BER performances of
OFDM/HL-16QAM system with 64 subcartiers in
AWGN channel. It is shown that the BER
performance of base layer is imptoved and refine-
ment layer is degraded as 1 is decreased. In this
case, when two quality of data services with BER
107% and BER 107% are required, conventional
OFDM/ 16QAM system and OFDM/HL-16QAM
system with A=l need about 10.7 dB and 10.1
dB in terms of EyN., respectively, From this
result, it is assured that OFDM/HL-16QAM
system is relatively suitable for mobile multimedia
communication requiring multi- reliability of data
services.

Ta+d

OFON/MHLASOAR (A-1]

L OFDMEL ISOAN [3.0.5

BER
s
S

Eb/Neo [dB}

Fig. 10 BER performance of OFDM/HL- 16QAM system
in AWGN channel.

Figure 11 represents the BER performance of
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OFDM/HL-16QAM with 8 dB of EyN, versus
the number of subcartiers in two ray multipath
fading channel with constant normalized delay
{ 7/ 7=0.0303). For OFDM systems in multipath
fading environment, ICI (Inter Channel Interfer-
ence) becomes more serious  interference
component as the number of subcarriers is
increased. In this figure, as the number of
subcarriers increases, the BER performance of
OFDM/HL-16QAM systetn is degraded.
Especially, the performance of OFDM/HL-16QAM
system with  4=0.5, performance difference
between base layer and refinement layer according
to the number of subcarriers is dramatically
changed.

16-1 1

102 4

OFDMHL-16 CAM{0.5)
OFDMML 16 GAM=Y)  ©

105 4 T 0 0 T il '
0 20 40 60 80 100 120

Number of subcarrier

Fig. 11 BER performance of OFDM/HL-16QAM system
according to the number of subcarriers in two
ray multipath fading channel {Eb/No=8[dB]).

mamont Gaprsmigme GFDHITEQAM

Eb/No [aB]

Fig. 12 BER performance of OFDM/HL-16QAM system
in two ray multipath fading channel.

Figure 12 shows the BER performance of
OFDM/16QAM system with 64 subcarriers in two
ray multipath fading channel. It is also shown
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that the BER performance of base layer is
improved and refinement layer is degraded as A
is decreased. When two differeni quality of data
services with BER 10 ? and BER 107° are
required to be transmitted simultaneously,
conventional OFDM/16QAM system and OFDM/
HL -16QAM with A=} need abowt 17 dB and
14.8 dB in terms of EyN,, respectively.

Therefore, OFDM/HL-16QAM system can be
operated with less power compared with
conventional OFDM/16QAM when the two
different target performances are required.

2. Still image Transmission

For the simulation of image transmission, we
use an image “lenna” shown in figure 2. Table 2
shows instantancous PSNR performance of the
received images of the proposed OFDM/HL-
16QAM with DCT based fixed length coding
against A and EyN, The bit allocation map for
image compression and simulation condition are
previously presented in figure 2 and table 1,
respectively.

Table 2. PSNR in dB according to A and EyN,

4 BN odB | 2B | 4dB 5dH18dB 10dB | 12dB | 14dB | 1648

0.1 1347 |1530(16.77117.28117.48(17.70(17.501 18.17 [ 18.37
0.2 13.69 |15.41(16.8]1 | 17.85 1860 19.14[19.52 2058 [ 21.30
03 13.04 |14.97(1694]1862119.81[20.96: 22.27) 2364 [ 24.66
¢4 12.45 |14.13]1650(19.02 20.99(22.78 | 24.45 | 26.28| 27.60
0.5 1221 (1367|1601 (1898.21.79(24.21 2652 [ 28.16 | 29.35
0.6 11.96 113.39}15.53(18.74)22.49(25.77| 28.17 [ 29.56 [ 30.25
0.7 1144 |12.79|1481|17.80| 22,65, 26.28 [ 2869 | 30.13 30.50
08 1109 [1261]14.32117.21(21.26 | 2668 | 28.78 130.40 [ 30.67
09 1010 |12.18]14.13] 1653 2061 | 25.83| 29.30| 30.59  30.69
10 1088 [11.78|13,23|15.60119.74(23.37 | 28.43 [ 30.54 | 30.44

28 | —8— Evmo - opE]
P Bl Eb/No = 2[dB]

—a— Eb/No = 4[¢B|
1 —»— EbNo =G[<B] |
32 { —o— EbiNo = B[#B]

30 { —0— EbNo = 10[dB) ; T
i~ g | —O— EbiNa .« 12aB] + . V T
% ~o— Eb/No = 13[dB]
= 26 1 —e— Eb/No - 16[¢B]
T 24
z
W 2z
a

pe 01 G2 o3 04 05 06 OF 08 09 10
% {Hierarch ca Moguiaton parametar)

Fig. 13 PSNR petformance of the received images
according to A
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8
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Fig. 14 Uppet and lower bound of PSNR according to
optimum and worst A obtained through
simulation.

Figure 13 shows the PSNR performance graph
obtained from table 2. From the table 2 and
figure 13, it is shown that optimum A maximizing
PSNR exists according to EyN, value and the
optimum A becomes higher as Ew/N, increases.
Figure 14 shows the optimum X and worst A
according to EwN, and PSNR performance
corresponding to optimum and worst case. From

(a) original image

{b) PSNR=30.71[dB](nc transmission efror)

(d} PSNR=23.37{dB](x=1.0, Ey/N.=10{dB]}

Fig, 15 Example of reconstructed image at the receiver

the figure, we have found that the proposed
system with optimum A has reasomable gain in
PSNR as compared with conventional OFDM/
16QAM (A=1) system. Especially, the more gain
is achieved by the proposed system as EyfN,
becomes small.

In figure 15, we have shown examples of
simulated image. Figure 15 (a) is the original
image and figure 15 (b) is an image compressed
by DCT based fixed length coding without
transmission errot, The bit allocation map is given
in figure 2. Figure 13 (c) and (d) are received
images of the OFDM/HL-16QAM with DCT
based fixed length coding with optimum XA and
conventional OFDM/16QAM (A=1) over iwo ray
fading channel.

V. Conclusion

In this paper, we have proposed an OFDM/HL-
1779
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16QAM system for data and image transmission.
And then, we have evaluated the performance of
the system in AWGN and multipath fading
channel.

Through simulation, we have obtained the BER
performance of the OFDM/HL-16QAM system for
data transmission and determined the minimum
required average SNR to satisfy both high quality
and low quality of dawa services. For image
transmission, we have proposed the OFDM/HL-
16QAM system adopting fixed length DCT based
coding, and then obtained the optimum
hierarchical modulation parameter maximizing
PSNR of received still image. It has been shown
that the received image quality of the proposed
system with optimized hierarchical modulation
parameter is better than that of conventional
OFDM/16QAM system. Also, the upper bound
and lower bound of PSNR achieved by the
proposed system are presented.

Therefore, it is concluded that the proposed
OFDM/HL-16QAM systemn is suitable for mobile
multimedia  communication demanding  multi-
reliability of data and high quality image

transmission.
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