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Abstract—By analyzing the principle of the UWB Ranging System, a mathematical model of the
system is built, and then UWB signal models are chosen. By theoretical analysis, an important
conclusion is drawn that signal processing of UWB ranging system is essentially time-domain
sampling of echo signals. In the end, a simulation example is carried out in Matlab which certifies
the conclusion. This result is very useful for UWB ranging system design and research.

Introduction

A signal can be classified as an UWB signal if the fractional bandwidth is greater than 0.25. The
fractional bandwidth can be determined as[1,2].

fy + fL

e (1)

where f_ is the lower and fy is the higher -3dB point in a spectrum, respectively.

UWB ranging[3] is a newly emerging technology dedicated for precise distant measurement.
Due to its properties of high-resolution, strong penetration, low probability of intercept and
detection[2,4-13], UWB ranging systems have been increasingly widely used in military and
civilian areas.

Based on the analysis of a high-precision UWB ranging system, the mathematical model of the
system is developed. This research is the foundation of further study on the effect of echo signals on
the system performance.

Principle of the UWB ranging System

The UWB ranging system is a kind of micro-power UWB radar, dedicated for objects ranging in
proximity. Applications of UWB ranging systems include parking sensors, intruding detection
systems and proximity fuses. By transmitting UWB impulse signals and receiving echo signals,
UWB ranging systems can measure the speed and distance of objects precisely.

A typical UWB ranging system includes seven components [11]: random modulation circuit,
pulse generating circuit, UWB pulse generating circuit, transmitting antenna, receiving antenna,
signal processing circuit and range gate pulse generating circuit. The pulse generation circuit
produces a periodic pulse signal. This periodic signal is transformed into random interval pulse train
in random modulation circuit, which is named as driving signal. The driving signal outputs into
UWB pulse generation circuit and range gate pulse generation circuit. The UWB pulse generation
circuit produce UWB narrow pulse signal at the rising edge of the driving signal pulse. The UWB
narrow pulse signal then will be transmitted by the UWB transmitting antenna. The range gate pulse
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generation circuit produces range gate pulse by applying a specified delay on the driving signal. The
range gate pulses then output to the signal processing circuit. In the signal processing circuit, echo
signals from receiving antenna are firstly processed using correlation integration technology with
and the range gate pulses, and then by means of differentiation processing, the speed and distance of
objects will be derived from the processed signal.

Mathematical Model of UWB Ranging System

Assume p¢(t) is a single UWB narrow pulse transmitted at t=0, then the signal at distant R from
transmitting antenna can be presented by

Pe (t)=2¢—% P (t—%] G (t.0,0) 2)

where t is time, c is the speed of light, G, (t,@,gp) [2]is the transmitting antenna gain at azimuth
angle @ and pitch angle @ .
According to reference[2], the RCS(radar cross section) of objects is represented bya(t,e,q)),

because it is not only determined by incident angle, but also varing with time, for UWB narrow
pulse signals. Despite of time compression and expansion effects on single UWB pulse by object
speed, the reflected signal of object reaches the receiving antenna can be represented by

1 R R
t)=———P|t—-—|,|G,| t—-—,0, 3
P, (t) N R( CJ t( - ‘/’j 3)

The relationship between effective area of receiving antenna A, (t,&,gp) and the antenna gain
G, (t,0,9) is given by[2]

(ct,)’
A

G, (t.6,
—G, (t.0.9) @

A(t.6,0)=

The signal received by receiving antenna is

b (1) =y/A (L0.0)Py (1) ®)
Then the received signal can be derived from the transmitted signal by
ct 2R 2R 2R
t) = v |G, (t t—— t—-— t—— |=F{p,(t 6
P, () (4”)3R2\/ 00,06 (1-2.0.0)o(t- 2, 0.0 ]p[1- 2] F(p0) ©

Where F represent the relationship between single transmitted UWB signal and reflected signal
that received by receiving antenna.

From analysis of UWB ranging system, it is obvious that the system works in random modulation
mode, which means that the pulse train transmitted within a given duration T,, is composed of
several randomly distributed narrow pulses in time-domain. Assume the random time sequence is

{ri},i =1,2,3...,7,,, > 7,, the pulse train output to transmitting antenna can be represented by
N

f; (t)zz p(t-7) ™
i=1
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The echo signal from receiving antenna to signal processing circuit can be represennted by

fR(t)zF[fT(t)]ng[pt(t—ri)}zipr(t—ri) ®)

The echo signal in Eq.8 includes radiation characteristics of transmitting and receiving antennas,
propagation delay, amplitude attenuation and the RCS of object. Refer Eq.6 for more details.

As shown in Fig.1, in signal processing circuit, range gate pulse signal pgae(t) correlates with
echo signal fr(t). The signal pgae(t) is a copy of transmitted signal p:(t) with delay At, which is
determined by range gate Rgyaz in AtzzRga% . The range gate signal pgae(t) can be represented by

Poe (t—=77) = P (t—7, — At) ©)

The range gate signal train is

fgate (t)zz:\il pgate (t_ri):ZiN:l P (t_Ti _At) (10)

The output of N pulses of fr(t) in duration T,, can be represented by
N
=1

N
foae (1) =D Peaie (t—71) = D Py (t—7, — At) (11)
i=1
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Fig.1. Antenna Positions at time 7; in a range cell

The speed of target is also important information implied in the echo signal. The following
method is developed to model target speed.

Assume the radial velocity of the antenna and target is v, and the echo signal received by antenna
at position r;j corresponds to the transmitted pulse signal at time z;. Assumption is also made that

during Tw, the shape of echo signals keeps invariant. If the received signal p; (t) is appeared at time
7,, the echo signal of single transmitted pulse can be represented by

pY (t) = p [”MJ (12)

With Eqg.12, Eq.8 and Eq.11, the integration output signal can be derived as
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ﬂM0=%Aﬂhm=iﬁhmhﬂ—MWHU=i§N{Fﬂ—N~agiﬂQWG) (3)

=1 j-1 =1 j-1 c

where te[t,,t,+T,]-

UWSB Signal Model

A class of waveforms is called Gaussian waveforms [2] because their mathematical definition is
similar to the Gaussian function [3]. The zero-mean Gauss function is described by Eq. (2.14),
where ¢ is standard deviation. More waveforms can be created by a sort of high-pass filtering of this
Gaussian pulse. Filtering acts in a manner similar to taking the derivative of Eq. (2.14). A Gaussian
monocycle, the first derivative of a Gaussian pulse is described by Eq.(2.15). A Gaussian doublet is
the second derivative of Eq. (2.14) and is defined by Eq. (2.16). The third to fifth derivative of Eq.
(2.14) and are defined by Eqg. (2.16)-Eq.(2.19).

__ A _t (14)
O
2
p(l)(t)=\/2ﬁ7:03 exp(—zto_zJ (15)
t? 1 t?
@ (1) — _ v 16
0= P oo | L
o 1) = LSRP S P S (107)
PR T 2 Tzret ) 207
@ gy — .t 1 ot (18)
pm/%@MGﬁ%”%ﬁJm(wJ
Gy al t* 10t 15t _L (19)
p“)*L@wﬁﬁ%gﬁ%Jw(%J

Where t is time, A1-A5 are amplitude constants, and o is standard deviation.

Simulation Results

A simulation example is designed to verify the conclusion drawn above. Let N=100, v=100m/s, and
the center PRF (pulse repetition frequency) =20MHz, which means that the actual PRF randomly
deviates from 10MHz to 30MHz and finally determines the random time
sequence {},i=1,2,3..,z,, >7, - 1he simulation is finished in Matlab. The simulation results are

shown in Fig.2. In time dimension, the two simulated signals are both stretched by 1.5x10° times,
compared to the original signals. When noise is introduced into simulation, the amplitudes decrease,
but the time stretching factor remains the same. The simulation results coincide to the theoretical
analysis in Section 5.
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Fig.2. Simulation Results

Summary

By analyzing the principle of the UWB Ranging System, a mathematical model of the system is
built, and then UWB signal models are chosen. By theoretical analysis, an important conclusion is
drawn that signal processing of UWB ranging system is essentially time-domain sampling of echo
signals. In the end, a simulation example is carried out in Matlab which certifies the conclusion.
This result is very useful for UWB ranging system design and research.
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