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ABSTRACT

In this thesis analyzed the performance of difterential detection with pulse shape
modulation (PSM) versus bi-phase modulation (BPM) signal or orthogonal signal and antipodal
signal for ultra wide band (UWB) indoor communication system over multipath channel. The bit
error rate (BER) performance of differential detection with PSM and BPM signal are investigated
by using the TEEE 802.15.3a Saleh-Valenzuela (S-V) UWB multipath channel model. The data
rate has been verified to be effective in overcoming the intersymbol interferences (ISI). The
detection is analyzed the effect from imperfect synchronization and showed the bit error rate
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Target Channel Characteristics CM1 CM2 CM 3 CM 4
Mean excess delay (nsec) (T;‘ ) 5.05 10.38 14.18

RMS delay (nsec) (z,,,.) 5.28 8.03 14.28 20
NP o 35

NP (85%) 24 36.1 61.54

Model Parameters

A (1/nsec) 0.0233 0.4 0.0667 | 0.0667
A (1/nsec) 3.75 1 3 3

I Tl 5.2 14.93 17

Y 437 6.5067 7.03 12

O (dB) 4.8 4.8 4.8 4.8

Model Characteristics

Mean excess delay (nsec) (7,,) 5.2737 9.8188 15.705 22.198
RMS delay (nsec) (7, ) 5.5691 8.2946 14792 | 19.835
NP, 19.3000 | 20.6500 | 33.690 | 50.840

NP (85%) 24.7100 34.9800 62.460 99.86
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Awerage Power Decay Profile
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2.8.3.2 CM2
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2.8.3.3 CM3

Impulse response realizations
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2.8.3.4 CM4

Excess delay

Impulse response realizations

(cesu) Aejep sseox3

spnyjduwy

Multipath realization number

Delay (nsec)

[

o

=Y

AMITHUINTVIDIU5ITd MY

12.40 7

31

FoIdM

v
DUWAKUD

112.39 HARDUAUDID

51N
a4

CM4

CM4

0 @B from peak

significant paths >

Number of

RMS delay

.. ——

=1

A UaNYLIAINAI 10dB

Multipath realization numbar

o

syled jugayuBis Jo Jaguiny

J1N2.42

M50 CM4

TaAd

aOUVDIT

=

Multipath realization number
v

N2.41 7171 RMS 1154

v
=}

31

115U CM4

o



34

Average Power Decay Profile

Number of significants capturing > 85% energy
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Following is the Matlab code that was used to generate the channel model realizations.
% S-V channel model generation
clear;

% S-V model parameters

Lam=0.0667, % Cluster arrival rate

lambda=3; % Ray arrival rate

Gam=14.93; % Cluster decay factor

gamma=7.03; % Ray decay factor

ts=0.167; % sampling time (nsec)

std_In=4.8; % total std of log-normal shadowing for each multipath arrival
std_In_1=4.8/sqrt(2); % Standard deviation of log normal variable associated with Clusters
std_In 2=4.8/sqrt(2); % Standard deviation of log-normal variable Rays within a cluster

std_L=sqrt(1/(2*Lam));

std_lam=sqrt(1/(2*lambda));

num_channels=100;

index_imp_resp=floor((10*Gam+10*gamma)/ts)+1;

imp_response=zeros(index_imp_resp,num_channels);

for k=1:num_channels

if (mod(k,10)==0)
k

end;

% Determine Cluster arrivals

Te=0; % First cluster arrival occurs at time 0

% Te=(std_L*randn)"2+(std_L*randn)"2; % allow for random first arrival

while (Te<10*Gam)
tmp_imp_response=zeros(floor((10*Gam+10*gamma)/ts)+1,1);
tmp_imp_response_index=floor(Tc/ts}+1;
mu=(-10*Tc/Gam)/log(10)-(std_In)*2*log(10)/20;
In_rv_temp=std_In 1*randn; % Cluster shadowing
In_rv=mu+std_In_1*randn+ln_rv_temp; % first cluster arrival fading
% In_rv=mu+std_In*randn;
pk=2*round(rand)-1;
tmp_imp_response(tmp_imp_response_index)=10"(In_rv/20)*pk;
% Determine Ray arrivals for each cluster
Tr=(std_lam*randn)*2+(std_lam*randn)"2;
while (Tr<10*gamma)

tmp_imp_response_index=tloor({Tc+Tr)/ts)+1;
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mu=(-10*Tc/Gam)/log(10)}+(-10*Tr/gamma)/log(10)-(std_In)"2*1og(10)/20; % this assumes
log(Omega)=0
In_rv=mu+std_In_2*randn+in_rv_temp; % Ray fading
% In_rv=mu+std_In*randn;
pk=2*round(rand)-1;
tmp_imp_responsc(tmp_imp_response_index)=10"(In_rv/20)*pk;
Tr=Tr+(std_lam*randn)"2+(std_lam*randn)"2;
end;
imp_response(:,k)=imp_response(:,k)+tmp_imp_response; % this sums cluster and ray arrivals
Te=Te+(std_L*randn)"2+(std_L*randn)"2;
end;
imp_response(:,k)=imp_response(:,k)/sqrt(imp_response(:,k)*imp _response(:,k));
% determine excess delay
sq_imp_response=imp_response(;,k).*2;
max_tap=floor((10*Gam+10*gamma)/ts)+1;
t=(0:(max_tap-1))"*ts;
excess_delay(k)=t'*sq_imp response;
% determine RMS delay
RMS_delay(k)=sqri((t."2)*sq_imp_response-(excess_delay(k))*2);
% determine number of significant paths (paths within 10 dB from peak)
threshold dB=-10; % dB
threshold=10(threshold dB/20);
temp_imp_resp=abs(imp_response(:,k));
max_imp=max(temp_imp_resp);
norm_imp=temp_imp_resp/max_imp;
a=find(norm_imp>threshold);
num_sig_paths(k)=length(a);
% determine number of sig. paths (captures x % of energy in channel)
x=0.85;
energy=0;
index_e=0;
temp_sort=sort(temp_imp_resp);
max_index=index_imp_resp;
while (energy<x)
energy=energy-+temp_sort(max_index-index_e)"2;
index_e=index_e+1;
end;

num_sig_c paths(k)=index_e;



end; % num_channels
mean_excess_delay=mean(excess_delay)
mean RMS_delay=mean(RMS_delay)
mean_sig_paths=mean(num_sig_paths)
mean_sig_e_paths=mean(num_sig_e paths)
figure(1)

plot(t,imp_response)

grid

title('Impulse response realizations')

% axis([0 50 -0.5 0.5])

xlabel('Delay (nsec)")

ylabel(' Amplitude')

figure(2)

plot(excess_delay)

grid

title("Excess delay')

xlabel('Multipath realization number")
ylabel('Excess delay (nsec)")

figure(3)

plot(RMS_delay)

grid

title('RMS delay’)

xlabel("Multipath realization number’)
ylabel('RMS Delay (nsec)")

figure(4)

plot(num_sig paths)

grid

title('Number of significant paths > 10 dB from peak’)
xlabel("Multipath realization number")
ylabel("Number of significant paths')

figure(3)

plot(num_sig_e_paths)

grid

title('"Number of significants capturing > 85% energy")
xlabel("Multipath realization number')

ylabel('RMS Delay (nsec))



temp_average power=sum(imp_response'.*(imp_response)')/num_channels;
temp_average power=temp_average power/max(lemp_average power);
average _decay_profile_dB=10*logl0(temp_average power);

figure(6)

plot(t,average_decay profile dB)

grid

title('Average Power Decay Profile')

% axis([0 20 -20 0])

xlabel('Delay (nsec))

ylabel('Average power (dB)")

figure(7)

plot(t,imp_response(:,1))

grid

title('Example impulse response realization')

axis([0 100 -0.5 0.5])

xlabel('Delay (nsec)")

ylabel("Amplitude’)

%o save sv_channel2_90402 imp response excess_delay RMS_delay num_sig_paths num_sig_c_paths

average decay profile dB t;
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Abstract

In this paper, we analyzed the performance of differential detection with pulse shape modulation (PSM)
versus bi-phase modulation (BPM) signal for ultra wide band (UWB) indoor communication system over
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Introduction

Ultra wideband (UWB) radio signals employ the
transmission of very short impulses of radio energy
whose characteristic spectrum signature extends
across a wide range of radio frequencies [1]. Much
of the increased attention on UWB technology is
due to the landmark ruling by the Federal
Communications Commission (FCC). In February
2002, the FCC opened up 7,500 MHz of spectrum
(from 3.1 GHz to 10.6 GHz) for UWB devices with a
peak power-spectral-density (PSD) value ot only -
41.3dBm/MHz.

The differential detection approach can be a
promising solution for attaining low-complexity and
energy-efficient receivers. The differential detection
is simpler to implement as they do not need channel
estimation [3]. Assuming pulse shape modulation
(PSM) in differential detection systems, the symbols
are differentially encoded, and each received data
pulse is correlated with the previous one. Each
pulse serves as a template for the next.

In this paper, we analyzed and compared the
performance of differential detection for UWB indoor
communication system over multipath channel with
orthogonal and antipodal signal which were
represented by pulse shape modulation and bi-
phase modulation (BPM) [1], respectively.

We present the PSM and BPM waveforms, PSM
and BPM transmission, high frequency channel
model by using Saleh-Valenzuela (S-V) model and
the differential detection. Furthermore; we present
simulation result and

all  system simulation,

conclusions respectively.

System Models
PSM and BPM Waveforms

The UWB waveforms used for PSM scheme are
the orthogonal pair of modulated Gaussian
waveforms [2, 6-8]. The orthogonal pair of
modulated Gaussian waveforms in time domain, f,

and f, are given by
fi(t) = 4, sin(2xf1) (1)
fi(t)=Ae"" cos(2rft) (2)
Where f is the carrier frequency, d isthe 1/e
characteristic decay time, 4, and 4, are the
maximum amplitudes of waveform envelopes of f,
and f, , respectively.
PSM and BPM Transmission
The PSM and BPM transmission signals are
denoted by spg, (f) and sy, (1) respectively, if
b(n) is binary input and d(n) is Gray/Binary
output, then
dm)=d(n-1)® b(n) (3)
where b(n) € {0,1}, d(0)=b(0), n =0,1,2,...
W (t)={f°mfm e (@)
1,0 for_d(n)=1
-f.(t) for dm)=0
fopmt (9= {j;(t)for din)=1

The transmitted signals are given by

(6)

(1) = 5 pgy, (1) Of transmitted PSM signal sequence
and (1) = spp (1) of transmitted BPM signal
sequence respectively.
High-Frequency Channel Model

The HF channel model has been established by
the IEEE 802.15.3a standardization group for
evaluating various proposals for high data rate UWB
communication systems. This model is intended to
represent the channel characteristics in the
frequency range from 3.1 to 10.6 GHz. It is based
on the Saleh-Valenzuela model [4], which
represents a “clustering” of the paths. The channel

impulse response is defined as
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h (1) =Xfiia;.,§(t—7;" —T;_f) (6)

1=0 k=0

where g, , is the tap weight associated with the & -
th ray of the I-th cluster, X, represents the log-
normal shadowing, and i refers to the i-th
realization; K is the number of rays in each cluster,
and L is the number of clusters. The distributions of
cluster and ray interarrival times, respectively, are
given by
P (T 1T,)=Aexp[-A(7-1,,)], 450
D (rH | TH,[) = Aexp [—1 (‘f“ ., )], k> 0.

The channel coefficients are defined as

@ = P65 where —p, | e{+l,—]} is
equiprobable and represents the signal inversion
due to reflections. The parameter ¢ reflects the
fading associated with the [/-th cluster, and fine
carresponds to the fading associated with the % -th
ray of the [-th cluster. The distribution of the

channel

Ié’lﬂ,_l | = ]0(“-1 b,

n, ~ N(O,o—j) are independent Gaussian random

coefficients is given by

)i20

. where n,~N(0,af) and

variables corresponding to the fading of each

cluster and ray, respectively. The parameters ) W

are given by
10In(Q,)-107, /T =107, ;L
/'lk! = .
' In(10
) (10) (7)
(O’]' +0o, )]n (10)
20

Where Q_ is the mean energy of the first path in
the first cluster, 7 and z,, are the excess delays of
cluster I and of the k -th ray in cluster [ ,
respectively. I' is the clusters’ decay constant and
y is the rays' decay constant. Finally, the total

i

energy contained in the terms {a } is normalized

kel

to unity for each realization, because the lognarmal

shadowing of the total multipath energy is

characterized by X, , for 20log, X, ~ N (O, a;) :
Based on the work of IEEE 802.15 also recommends
a new way of modeling the path-loss. While there is
still shadowing superimposed on a polynomial
power decay law with the logarithm of distance, the
decay exponent n and the shadowing variance o’

have now become random variables.

r(t x Wk @ Y, 0,0
P (O+n, (1) -
BPF j” 3! Decision [~
X i
T

r [P0 ym 0T

Figure 1: Differential detection

Differential Detection

In this section, the performance of the differential
detection [3] in Figure 1 is analyzed with an
integrator as shown. The input signal to the receiver
is given by r(r)=s(1)*h(t)+n(s) , where
s(t)*h(t) is the received pulse waveform, and
n(t) is AWGN. The received signal is passed
through a wideband bandpass filter that has the
same impulse response as the transmitter filter,
hy (1)

P, (t):[s(t)*h(t)]*hﬁ (¢) and
n, (t)-—-n(t)*hB (1): In(z‘)hB (t—r)dr (8)

The noise process n,(t) has the autocorrelation

denoted by Hence

given by

N
R, (7)== [hy (u)ty (u—7) (9)
& 2
The receiver BPF output is multiplied with a
replica delayed by T seconds and the resulting

product decomposed into the

x(1)=x, (1) +x, (1)
Here x (1)=p,(t) p,(t-T)=p, (¢), assuming
that p, (t):p} (r—T;) if the different bit input is

components

sent.
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%, () =p, ()n, () +n, (-] 47, (D, (:-17) (10)

The output of the mixer is integrated over a time
period T,, 0 <T, <T and a decision on the symbol
is made every T sec. Thus, the output of the
integrator, sampled at 7 spaced intervals, can be

written as the sum of a signal component

A
yP(TL)=pr(z)dt, and a noise component
0

)dt=N,+N,, where

y, ()= [x, (s

N, =T]-pf ()[n, (£)+n,(t-1)]de, and

Tl
N2=J‘nj(f)n,(t—7;)dt, y.AT) is no longer
0

Gaussian due to the result of the term  N,. Rather
than trying to derive the probability of error for the
differential detection, the signal-to-noise ratio (SNR)
at the output of the integrator is examined as a
function of the integrator length 7, . The noise term

Y, (TL) has a mean given by:

E{y, (1)} =E{
- [ @[

+R (T)7T,

N} +E{N,}

n, ()} + E{n, (e =1 ) Ja

Clearly, the first of these terms is zero, since
n, (t) is a zero mean random process. The second
is also approximately zero, if the impulse response
of the BPF has negligible autocorrelation at lag
T seconds, which holds in situations where the
pulse repetition frequency of the UWB signal is
small compared with the UWB signal bandwidth.
Thus, E{y,(7,)} = 0. The variance of y (T,) is
then given by
E{y, ()} = E{N}+ E{N:} +2E{NN,} (12)
The first term on the right hand side can be written

as

2R (1,-1,)
+R_(t 1, +T) fdtdr,(13)

N } = _UPJ (!:)Pf(!z)

'Rn,.' (tl _!2 - T:)

- 2.”1”! (t)p, ()R, (1,-1,)ddr,
7

based on the previous discussion about R (7).

Next,

E{N’} = HE{Z ((t; ); ((t! __T’T))}d:,drz (14)
-T )}j

where the well-known result for the fourth moment of

ﬂ T)+R, (1,-

SR, (l—t +T)R (t—t

- [[& 0 =0

7

jointly Gaussian variables has been used, and
previous arguments about RMI(T) have also been
employed in the approximation. The final expression
below in (15), along with (13) and (14), allows
numerical computation of the output SNR for a given

receiver BPF impulse response.

| yj(TL) > [inz(t)dtjl
™ Var{y (1)} (B{N]}+E{N]}

From (15), we see that as the integration time is

SNR (15)

increased from zero, more signal energy is

gathered, and the SNR  increases initially.
However, when the integration time extends past the
pulse duration for an AWGN channel, no significant
additional signal energy is gathered, while the noise
terms, especially N,, continue to accumulate,

causing the SNR  to decrease.
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PSM:HR), dinj=1 BPMA, dint

2

Table 2: S-V model characteristics

01

Figure 2: PSM and BPM signal with T, =0.5ns

Simulation
UWEB signal design

For the FCC indoor limil spectal mask, the
waveform parameters are 4, = A, =376V,
d =0.11ns and f, =7.34 GHz. The fractional
bandwidth, occupied bandwidth and average
power of these waveforms are 0.84, 6.20 GHz and -
62.75dBm, respectively.

Sampling rate is 0.05ns, guard time {7;) is
related to the data rate of the transmitted signal and
pulse time (TP ) is 0.5ns, where data rate of
transmitted signal is I/(T; +T ) bps.-For the
receiver, PSM bit decision threshold is 0.5 and BPM
bit decision threshold is 0. Assume that the BPF is

the imaginary bandpass filter by 4, (f)=1.

Table 1: S-V model parameters

Model

CM 1 CM2 CM 3 CM 4
Parameters
A (1/nsec) 0.0233 0.4 | 0.0667 | 0.0667
A (1/nsec) 375 1 3 3
r 7.1 5.2 14.93 17
P 4.37 | 6.5067 7.03 12
o {dB) 4.8 4.8 4.8 4.8

5 - Model
z : CM1 CM?2 CM3 CM 4
H % ¢ Characteristics
£ s : £
Ve g, o Mean excess
: = : ; T ! 52737 | 9.8188 | 15.705 | 22.198
t{ne) 1rs) delay (ns)
PSM:0), d(n}=0 BPM:A1(Y), dinj=0
: ' RMS delay (ns) | 5.5691 | 8.2946 | 14.792 | 19.835
01 H
] g NP10dB 19.3 20.65 33.69 50.84
E i i
H H ; NP (85%) 24,71 34,98 62.46 99.86
0 i o)"s 1

The model characteristic CM1 is based on LOS
(0-4m), CM2 is based on NLOS (0-4m), CM3 is
based on NLOS (4-10m) and CM4 was generated to
fit a 20 ns RMS delay spread to represent an

extreme multipath channel.

Simulation Results

From now on, we provide the BER performance
results of the proposed differential detection with
PSM and BPM signal by adjustable guard-time
(data rate), in the modified S-V multipath channel.

Figure 3 and 4 illustrate the received PSM and
BPM signals at the receiver data rate =25Mbps,
CM1, Eb/No=30dB, y(#) is the output of integrator
for decision bit output. This showed the differential
amplitude of BPM is longer than of PSM.

Figure & shows the BER performance of a
differential detection with PSM versus BPM by
varying channel model CM1-CM4 at data rate of 25
Mbps. While the BER performance at the data rate
of 50, 100 and 150Mbps are shown in figure 6-8,

respectively.
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Data rale=50Mbps

BER

bidedids

-~ CM4, BPM |- -

i bl
o ; : ; - e : P r b i ;
[} 20 40 60 80 100 120 o 5 10 15 20 0 35
Uns) EbiNo

Figure 3: Received PSM signals at the
receiver data rate =25Mbps, CM1,
Eb/No=30dB s

with data rate 50Mbps, CM1-4

Data rate=100Mbps

Figure 6: BER performance of PSM and BPM

i '

0.2 . ' '

T okw-“apmw;—u_..__m”uﬁm-m;»- ey
-ﬂ.ZD
0.2 ' .

i
H
60

N i i =
m ” ; ! '
v ‘

j :

B0

i
100

)+n(t)
o

“Fﬂ)
Figure 4: Received BPM signals al lhe
receiver data rate =25Mbps, CM1,
Eb/No=30dB

A Data folo=25Mbps

Figure 5: BER performance of PSM and BPM
wilh dala rale 25Mbps, CM1-4

Figure 7: BER performance of PSM and BPM
wilh data rate 100Mbps, CM1-4

Data rate=150Mbps

BER

cM1, PSM | |
CM2, PSM [+ -
CM3, PSM
cM4, PSM
- CM1, BPM
--GM2,BPM [ -
- CM3, BPM | ¢
--CM4, BPM [ ¢

Figure 8: BER performance of PSM and BPM
with data rate 150Mbps, CM1-4
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Conclusions

In this paper, it was shown that the performance
of differential detection with PSM versus BPM signal
has been proposed for UWB indoor communication
system. The BER of BPM (antipodal signal) is lower
than PSM (orthogonal signal) because the BPM
symbol distance between bit "0” and bit "1" is
longer than PSM symbol distance 2 times.

The BER of the differential detection with BPM
and PSM Is depended on data rate which the low
data rate has better BER than the high data rate
because the ISI highly impacts in the sequence
which is the lowest guard time. The simple
implementation is the strong point of the differential
detection which doesn't need channel estimation for
equalizing UWB signal. However, the BER
performance that was affected from ISI can be
improved by decreasing data rate or selecting BPM
for communication instead of PSM.

In the future, we intend to analyze the proposed
combination between BPM and PSM for increasing
data rate. It is possible to assign different pulse

shapes of each M-ary for increasing the data rate

with the same environment.
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