Non-linear Chirp UWB Ranging System with
Narrowband Interference Suppression Abilities

ABSTRACT—n this letter, we analyze an ultra-wideband
ranging system based on non-linear chirp waveforms with the
ability of narrowband interference suppression. A number of
non-linear chirp waveforms arve proposed and evaluated by
simulation. The results verify that the proposed schemes can
suppress the Narrowband interference to a certain degree.
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1. Introduction

Ultra-wideband (UWB) systems occupy ultra wide
bandwidth that has been assigned to other existent narrowband
(NB) wireless applications; thus, NB applications degrade
UWB ranging system performance or even cause it to
malfunction [1]. The method of using non-linear chirp
waveforms to suppress NBI has been proposed in [2].

The UWB ranging system based on linear chirp waveform is
discussed in [3]. In this letter, we propose a design method for
non-linear chirp waveforms for the UWB ranging system with
the ability to suppress narrowband interference (NBI). By
simulation, we compare the performance of the linear chirp
scheme and the proposed non-linear chirp schemes.

I1. Chirp in Ranging Systems
A chirp waveform is modeled in [4] as

w(t) = c(t) cos[Q(?)], €))
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where ¢(?) is the envelop of the chirp signal, which is zero
outside a time duration 7, and Q(?) is the phase function. The
instantaneous frequency of w(?) is defined as

_ 1 do)
f(O= YR @
The chirp rate is the derivative of £(7):
_df.() 1 d*Q()
M= = ar ®
1. Linear Chirp

Linear chirp means that the instantaneous frequency f.(¢)
varies linearly with time #:

S (O=fotut, “)

where f; is the center frequency. The phase function and the
chirp rate are respectively given by

Q) =2xfit+mut*,
‘ ®)
u(t) = p.

Because the UWB spectrum band inevitably overlays some
NB applications, NBI suppression is required.

2. Non-linear Chirp

The instantaneous frequency fi(f) of a non-linear chirp
waveform varies with a non-linear relationship over time ¢ In
the proposed scheme, we force the instantaneous frequency to
pass the central frequency of the NBI with the highest velocity.
Thus, NBI will affect the proposed chirp scheme very little.

A. Sinusoidal Chirp Waveform

The instantaneous frequency of a sinusoidal chirp is given by
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f.(@)=f;,+acos(bt+c), ©6)

where parameters a and b adjust the chirp waveform, c is a real
constant value, and f; is the central frequency of the NBI. The
proposed sinusoidal chirp waveform and the chirp rate are
respectively given by

w(t) = cos(27 [t + 2rasin(bt +c)/ b),

. 0
u(t) = —absin(bt +c).

The instantaneous frequency f(f) comparison is shown in
Fig. 1. For the non-linear chirp, the maximum NBI suppression
can be achieved at the instant when the absolute value of u(f)
reaches its maximum value, that is,

®)

We adjust f(%) to the central frequency of the NBI (5.3 GHz),
which means f.(#)=f. In the proposed design, f;;;=10.6 GHz,
Jow=3.1 GHz, and f,,=(fen"fiow)2 are the highest, lowest, and
central frequencies of the UWB spectrum band, respectively. A
sinusoidal curve with a phase range of 7 and a center frequency
of f; is adopted. To utilize the whole spectrum band, at least one
of the two edge frequencies of the curve should be f},;, OF fiy,. If
f; 1s not equal to f,, the frequency range of the whole curve
exceeds the UWB spectrum band. We truncate the curve to
cover the frequency scope of 3.1 GHz to 10.6 GHz. Therefore,
only the upper half and about one third of the lower half of the
sinusoidal curve can be utilized. Parameters a and » can be
generalized as follows:

t, =arg max|y(t)|.
t

a= f}u’gh - j; lf f - f

b = arccos((f,, = S) /(frign = FiN/ T, i=Jm> o
a = f}ow - .f; .

b= arCCOS((fhigh - ‘}(I ) /(f}nw - fl. )) / T; }lf f; g f;ﬂ '

With the same design principle, we can extend to the other
three non-linear chirp waveforms.
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Fig. 1. Time-frequency relationship of proposed non-linear chirp
waveform.
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B. Hyperbolic Tangent (tanh) Chirp Waveform

The instantaneous frequency of a hyperbolic tangent (tanh)
chirp waveform is given by

£.(t) = f, +atanh(bt +c). (10)

The waveform and the chirp rate are respectively given by
w(t)=cos(2x fit + 2m alog[cosh(bt +¢)/ b)),
u(t)= absech’ (bt +c),
a=(f,.,—f;)/ tanh(c
b :[(ﬁzafﬁl)((ﬁ —fiw)) /(S = 1) tanh(c))+c]/ ];}if JiS S
a=(f,,,—f;) /tanh(c)

b=[arctanh((f),,~ /) /(ﬁ—ﬁow)tanh(c))+c]/];}if fi>f -

(11

C. Hyperbolic Arc Sine (asinh) Chirp Waveform

The instantaneous frequency of a hyperbolic arc sine (asinh)

chirp waveform is given by
f.(t) = f; + aarcsinh(bt +¢). (12)

The waveform and the chirp rate are respectively given by

w(t)zcos(Zﬂ fit+27ra[(bt+c) arcsinh(bt+¢)—y 1+ (bt+c)’ }/b),

u(t)=ab/\J1+ (bt +c)’.

az(fhigh — f;)/arcsinh(c)

b=[sinh((f; = fip ) /(frign— f;) arcsinh(c))+ c]/ T,
a=(f,,,,—f;)/arcsinh(c)

b=[sinh(( f};1 =) /(fi = finy) arcsinh(c))+ ]/ T,

}if £>fo
(13)

D. Arc Tangent (atan) Chirp Waveform

The instantaneous frequency of an arc tangent (atan) chirp

waveform is given by
fA0)=f;+ a arctan(bt + ¢). (14)

The waveform and the chirp rate are respectively given by

w(t)zcos(Z;z f+az] log(L+(bt+c))+2(br-+c) arctan(bt+c)]/b),
wu(t) = ab/(1+(bt+c)?).
a:(ﬁu’gh _f;) / arctan(c)
b:[tan((ﬁnw - f;)/(ﬁziglz _.f;)arCtan(c))+ C] / Ts

a=(fip,—f;)/ arctan(c)
B=Lan((fysg— S S — ) arctan(e))+ ¢/,

}if Si< S

}if >
s)
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The instantaneous frequency and chirp rate are shown in
Fig. 2. At the corresponding instants when the instantaneous
frequency curves cross the NBI central frequency of 5.3 GHz
in Fig. 2(a), the slopes of the curves, which are the chirp rates
shown in Fig. 2(b), achieve the highest absolute values.
Therefore, the NBI contributes the least effect on the proposed
schemes. The non-linear atan scheme has the highest |w(7)|
among all the schemes.
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Fig. 2. Comparison of (a) instantaneous frequency; (b) chirp rate
(f=5.3 GHz).

III. Performance Evaluation

We set a ranging system to evaluate the ranging error rate of
the linear and non-linear chirp waveforms. The proposed ranging
system transmits trains of chirp waveforms and receives the
reflected signals. The received signals are correlated with a local
reference signal to achieve transmission time delay A¢ The

measured distance is d,= (4 ¢;)/2, where ¢, is the velocity of light.

If the difference from d,, to the actual distance d exceeds 0.3 m, a
false measurement occurs. We evaluate ranging error rates
(RERs) by simulation. The RER is the number of false distance
measurements over the total number of distance measurements.

The simulation scenario is as follows. The chirp duration is
2 ns. The interference source is from an 802.11a WLAN
device with BPSK modulation. The central frequency of the
NBI is 5.3 GHz and the bandwidth is 20 MHz. The channel
noise is additive white Gaussian noise (AWGN).

The results are shown in Figs. 3 and 4. Figure 3 shows the
performance of RER vs. SIR at an E,/N, of 14 dB. Figure 4
shows the performance of RER vs. E/Nj at an SIR of 20 dB.

The simulation results demonstrate that the proposed non-linear
chirp schemes have lower RERs than the linear scheme. Also,
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Fig. 4. Ranging error rate vs. E/N,, SIR=-20 dB.

the atan chirp has the best performance among all the
waveforms; the sinusoidal chirp can achieve a lower RER than
the linear scheme, though it has the worst performance among
the four proposed non-linear chirp waveforms.
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