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Abstract: These recent years, as the wireless communication has gained increasing attention, various kinds
of wireless communication techniques have developed rapidly to get a better system performance. Chirp signal
1s also noticed again for the feature of low power consuuption, high processing gamn and low cost. However,
traditional chirp signal modulation technique is not suit for multiple access, which is an important parameter
to estimate a modern wireless communication system. Even in a WPAN system, the expected number of users
at the same time is at least four. In this study, a form of combined chirp signal is designed to solve the multiple
access problem. The cross coherence of the signal from different users s analyzed in this study. At the same
time, this study also discusses the system performance in AWGN channel and 802.15.4a indoor channel,
respectively. Analysis and simulation show this new combined chirp signal technique has a better BER

performance as well as the multiple access capacity.
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INTRODUCTION

Indoor wireless commurmcation has gamned increasing
attention over some time and its market share is growing
rapidly in recent years due to its advantages over cable
networks, such as mobility of users, elimimnation of cabling
and flexibility. Many kinds of wireless commumcation
techniques

Such as OFDM (Zhaogan et al., 2007) technique and
UWB technique (Venkatesan and Ravichandran, 2007)
has a fast development to satisfy requirements for high
data rate and long distance. The use of chirp signal for
wireless communication was first proposed by Winkler
(1962). As a kind of spread spectrum technique, chirp
signals was noticed because of its high process gain,
low power consumption, anti-multipath ability and
anti-Doppler effect (Gugler et al., 2000a). But the whole
systemn was based on the use of the Surface Acoustic
Wave (SAW) filters and could only work in the
High-Frequency (HF) band (Gott and Newsome, 1971).
Bemi and Gregg (1973) gave a further discussion on chirp
modulation and gave out a conclusion that chirp
modulation 1s better than FSK but a little worse than PSK.
In 1994, the anti-multipath ability of chirp signal under
Rayleigh and Rician channel is discussed by Tsai and
Chang (1994). And then some modulation methods using
chirp signal was proposed which could be grouped mto
two categories: binary orthogonal keying (Springer et al.,
2000) and chirp spread spectrum, combined with other
modulation technology such as DPSK (Zhang and Liu,
2006; Pinkeny et al., 1998, Gugler et al., 2000b).

The multiple access chirp modulation did not get
much consideration until recent years. Two main kinds of
multiple access method were proposed. One method s to
change the bandwidth with the same center frequency
(Zhang and Liu, 2006) and the other method is to change
the center frequency with the same bandwidth (Ju and
Barkat, 2004). The first method has a good performance to
resist single-frequency interference, but the problem is
that the bandwidth is not infinity and the number of
multi-users 15 restricted by the bandwidth and the
non-orthogenality of adjacent chirp signals. The second
method makes good use of the orthogonality between
adjacent chirp signals in time domain, but the overlap of
chirp signals in frequency domain will caused the decline
of system performance. In this study, a new method of
multiple access chirp modulation method is considered to
combine the two methods above. Although, a similar idea
was proposed by Molisch et af (2007), but some
differences are obviously, all the sub-churp signals have
the same center frequency and different chirp rate.
However, in this study, chirp signals with both
different center frequency and chirp rate are used as
sub-chirp signals which cen improve system capacity
efficiently.

THE MULTIPLE ACCESS COMBINED CHIRP
SIGNAL

Chirp spread spectrum theory: For a linear chirp signal,
the instantaneous frequency varies linearly with time. The
wavelornm can be written as:
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where, T, a(t), f, = w,/2n and p are the chirp duration, the
envelope, the center frequency and the chip rate,
respectively. The chirp rate indicates the rate of change of
the instantanecus frequency.

The inpulse response of a matched filter to the signal
mEg 11

) = yAcostt, K ) T etel 2)

By noting that the high frequency term (2w,) in the
result can be ignored and assuming that the envelope a(t)
1s a rectangular function, the output of the matched filter
is:

sin| nBt 1—% (3)
g(t) =BT

COs 0t
Bt

for -T<t<T. The envelope has its maximum att = 0 and its
first zeros at t = £1/B. The compression aspect of pulse
compression comes from the fact that while the
transmitted signal 13 rectangular, the output of the
matched filter is a sinc function with most of its energy
from -1/B<t<1/B and the ratio of the input and output
pulse 1s therefore given by the time-bandwidth product
BT which 1s also known as the processing gain.

Combined chirp signal: Tn this study, a combined chirp
signal are designed and described in Fig. 1. This new
chirp signal is combined by two sub-chirp signals and the
duration time of each of them is equal.

The general equation of the combined chirp signal
can be written as:

s (1) =a(t)cos(ont +mut’ )

0<t<T/2 (4)
S (1) = at)cos{ mt —mut* )

Tj2<t<T
&)

where, K 1s the user number, K =1, 2,....., M, M is the total
number of users. Af is the frequency separation between
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Fig. 1: The combined chirp signal form

adjacent users at t = T/2, py 1s the churp rate of the first
half of signal duration and p'y is the chirp rate of the
second half of signal duration. The chirp rates can be
written as below:

kat (MoK 6

HK*T/Z e = 72 Af ()]
The bandwidth of different signals is the same is

described as B = MAf, the BT product is MTAf.

CROSS COHERENCE OF THE COMBINED CHIRP
SIGNALS

The most important parameter to affect the system
performance 1s the cross coherence p which 1s 0 m the
1deal situation. Using the combined churp signal, p can be
calculated in three stages from special to general.

In stage 1, p is calculated with the same chirp rates
and different signs. This situation means the case of p
between the two binary signals of the same user. p can be
written as:

T2
s~ [0l { (15 (a1 1o
= L Tf cos(lwktz)dt + } cos[2m1; [t— IT + 2KALuLt - IJ}!t} ;] ;},0
Tl o Tz 2 2
7

In stage 2, p 1s calculated with the different chirp
rates but same signs. This situation means the case of two
binary signals for different users and p can be written as:

T/
1 J.cos('n:(uK—uI)tz)dt
pfm,h = ? ’ (8)

where, I=1,2,...... M,1=0orl.
In stage 3, p 1s calculated with both different chirp
rates and different signs. This situation also means the
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case of two binary signals for different users and can be
written as:

/2
_[ cos(m{ s + ) 17) dt
1
p3K1,IJ == ’ (9)
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This form is the general form of p, p' and p* both can
be get form it if some parameters are set specially. For
example, p' can be get from Eq. 9 by making i, = p,, p'y =
piand K =1

This cross coherence p can be written in a closed
form in terms of Fresenel cos and sin intergrals C(x) and
S(x), respectively, as:

p=gC(x _[cos AT +2B’|:+D)d (10)
os

Where:
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Figure 2 shows the relationship between the maximum
value of cross-coherence function and the product of BT
with different number of users. We can see clearly that as
the mumnber of users M mncreases, p increases too. This is
caused by the multiple access interference, but we can
still consider this system 1s quasi-orthogonal.
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Fig. 2: The relationship between the maximum of cross
coherence and BT

PERFORMANCE OF COMBINED CHIRP SIGNALIN
AWGN CHANNEL

The received signal of the Kth user in AWGN
channel can be written as:

r{t)=sy(t)+n(t) K=1,23..Mi=10 (11)

where, n(t) is white Gaussian noise with zero mean. The

response of the Ith matched filter to the Kth user signal,
Sy 18!

Ts

fyl 8 (1) = [[sa(8) #n (1) s (1)t (12)

1}

Which can be written mn the terms of the general
cross coherence as:

I | S (1) = Epyp; + 11 (13)

Where:
T,
.[ n tﬁlj
o

The probability density function then can be written
as:

1
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Where:

N.E -
DIK = E[mumm} = Tﬂplpi‘-) and = I~ Epl],K_&

Then we can get the average probability of error as
follows:

¢ Multiple the probability of the Kth signal and the
conditional probability of making an error of the Kth
signal

»  Sum the results over all possible values of K. This
leads to:

2M

P(e)= EP(Elsm)P(sK‘):ﬁiEZP(slsm) (15)

K=l

Also we know:

M
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Fig. 3: BER of combined chirp signal with different
numbers of user, BT = 500

then using Eq. 14, we can get:

2h
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M

1
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S

(16)

In which Pe (Ij, Ki) is simply the binary error
probability and can be written as:

Pe(TjKi) = Q{dl’;] (17)

where, d is the mimmum distance between two signals,
defined as function of SNR and the cross coherence

coefficient, as:
2
_fexp{ }1

Then we can get a final form of the probability of
error of the combined chirp signals as below:

1]

Figure 3 shows the relationship between SNR (dB)
and the maximum of P(e) with the number of users is 4, 8,
16 and 20, respectively and BT 1s 500. It can be see clearly
when M increase, P (e) increases because of multiple
access interference. In Fig. 4, the number of users is fixed,
M = 8. In this situation, P (e) decreases while the value of
BT increases. As we know, BT can be considered as the
gam of system, so that means when the system has a
higher system gain, a better BER performance can be
obtain. However, high system gain is hard to realize for
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Fig.

hardware, a proper BT to balance the BER performance
and the system complexity is necessary. Usually, in actual
system, BT = 500 is reasonable, which means the system
has a 26 dB system gain compared to a DS system.

PERFORMANCE OF COMBINED CHIRP SIGNAL IN
MULTIPATH CHANNEL

In this study, a 802.15.4a indoor channel model is
used as the multipath channel. There are several rays in
one cluster, each of them has independent fadirg. The
impulse response of this model is:

-3 ¥, 5015 erplo, ) (1%

k=

Mr‘

I

1
=

where, X 1s the amplitude gain of the chammel model and
follows normal distribution fading, a, 1s the tap weight of
the kth component in the /-th cluster, T, 1s the delay of the
[th cluster, T, 1s the delay of the k-th MPC relative to the
[-th cluster arrival time T, The phase is ¢, umformly
distributed, 1.e., for a bandpass system, the phase is taken
as a wnformly distributed random variable from the range
[0, 2m].

Rake receiver is a good selection for multipath
channel model and is proved by Hengstler et al. (2002)
which can get a reasonable system performance for
traditional chirp signal. However, no one knows if it still
works with ow new combined chirp signals. Here,
we choose the total chirp duration time T =10 ns and
BT = 500. MRC method 1s used to improve the system
performance and we selected 5 rays and all rays,
respectively, to calculate the BER with different SNR.
Figure 5 shows the result that the more rays used for
calculating, the better performance we can get. Even only
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Fig. 5: The performance of Rake receiver for the combined
chirp signal
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Fig. 6: The performance of combined chirp signal in
multipath channel

5 rays is used to simplify the system, the BER is still ina
reasonable range. That means, Rake receiver can work
well with the new combined chirp signal.

Figure 6 shows the system performance with different
number of users in the 802.15.4a LOS channel. The total
chirp duration time T = 10 ns and BT = 500. Tt can be see
clearly, the system performance decreases due to the
increasing number of users. When M = 20, there is an
obviously decline of BER comparedto M = & (almost
500 times). That is because the cross coherence p
increases when M increases. This kind of multiple access
mnterference 1s unavoidable in chirp signal system because
of the overlap of signals, but can be decreased through
careful design. When, M = 20, the BER 1is already
undesirable 1f other techniques are not used. So, if we
want to increase the number of users, other techniquel
must be considered to be applied in this system.

420

CONCLUSION

In this study, we proposed a new form of combined
chirp signal to solve the problem of multiple access chirp
modulation. The cross coherence p of this combined
signal 1s presented and from the simulation, we know, if
the value of BT 1s big enough, the orthogonality for
different users can be guaranteed. Then the BER
performance of this system in AWGN channel 1s
discussed with different number of users and different
value of BT, respectively. The results show that the
proposed combined chirp signal is a promising multi-
access technique. Then we applied this combined chirp
signal n the 802.15.4a multipath channel, The results also
show this form of chirp signal has a better performance to
resist the affect of multipath. However, as the number of
users increase, the BER performance still has an obvious
decrease. Otherwise, in this study, we do not consider the
frequency offset which 1s not easy to estimate because
the sub chirp signals have different center frequency and
the duration time for the signals 15 long. That 1s what we
wish to do in next step.
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