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Abstract

In this thesis, to compensate the sweep nonlinearity occurring in the high resolution radar system using FMICW
or FMCW, the method of the estimation of the nonlinearity is proposed. The nonlinear phase component caused by
the nonlinear characteristic of the radar system is modelled as a linear combination of the sinusoidal functions consisting
of various magnitudes and phases(systematic nonlinear phase error) and a random component(stochastic nonlinear phase
error). From two IF signals that are measured respectively independently for two reference point targets lying in
different distances which are known, a sparse linear equation is made and solved by least squares method to estimate
the nonlinear phase component. The estimated component can be used for predistortion method to compensate the
sweep nonlinearity.
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Fig. 3. The time-frequency diagram of the ideal trans-
mitted up-sweep FMCW(solid line) and distor-
ted up-sweep FMCW(dashed line).
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<Step 1>
Obtain IF signals,

%cos(%r{@(

for [ =14, j after processing the received signals.

k)+%,(Tk—mn)— (k) })

<Step 2>

From IF signals, extract the difference between the
nonlinear phase distortion and the delayed nonlinear
phase distortion, ¥,(Tk—7)—®,(k) for [ =1, j via

Hilbert transform and simple calculation, (12).

<Step 3>

Do low pass filtering in order to suppress stochastic
nonlinear phase distortion with the proper gain. In this
paper, we choose 1 as the filtering gain in FMCW case.
In FMICW case, IV to the number of received sam-
ples(which satisfy the conditions in (7)) ratio is selected

as the gain.

<Step 4>
As shown in Fig. 5(c), build a sparse linear equation

and solve it.

<Step 4-A, optional>
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In Fig. 5(c), the right hand side of the equation can
be refined by cutting and inserting(extrapolating) arti-
facts in both ends via curve fitting such as spline curve
fit and cubic curve fit.

<{Step 5>

Using LPF with the proper gain(in this paper we
choose 1.), suppress the high frequency components in
the estimated nonlinear phase distortion, caused by mea-
surement error (we assume the amplitude of the dis-

tortion are changed slowly and are smooth.).

<{Step 6>

The values in both ends of the estimate may be
refined via curve fitting, the same method as that in
Step 4-A to reduce the mean squares error of the esti-
mated phase distortion. Also, to satisfy the assumption
that when ¢=0 the nonlinear phase distortion is also
zero(this assumption are absorbed in the definition,

t
t) = / §f(¢)d¢), we may match the estimate at the
0

first point with zero. This can be done by the parallel
displacement.
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Using measurements for the distance 18 m and
50 m, (a) the estimated systematic nonlinear pha-
se distortion and original systematic nonlinear
phase distortion, (b) the difference between the
estimated systematic nonlinear phase distortion
and original systematic nonlinear phase distor-
tion(This result was obtained in the situation
that SNR is considered and the data is refined
by curve fitting).
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Table 1. The RMSE of the estimated nonlinear sys-

tematic phase distortion and the correspond-

ing frequency deviation for various ranges
(No SNR consideration).
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195.270 rad 130.057 rad
18 m, 26.1m

21.358 kHz 12.295 kHz

184.267 rad 110.006 rad
18 m, 50 m

21.768 kHz 10.782 kHz

7,903 rad 7,171 rad
18 m, 120 m

545460 kHz 798.680 kHz
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Table 2. The RMSE of the estimated nonlinear syste-
matic phase distortion and the corresponding
frequency deviation for various ranges (SNR

consideration).
RMSE
24 A9 (No data RMSE
(Data refinement)
refinement)
135.570 rad 114.394 rad
9m, 15 m
20.530 kHz 10.082 kHz
254.868 rad 156.132 rad
18 m, 20.4m
24024 kHz 14.804 kHz
222.378 rad 133.248 rad
18 m, 26.1m
22.960 kHz 10.993 kHz
167.128 rad 114.834 rad
18 m, 50 m
21.018 kHz 10.829 kHz
7,984 rad 7,916 rad
18 m, 120 m
548.570 kHz 549.000 kHz
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