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An Accurate Shape Estimation Method

with the Adaptive Fractional Boundary Scattering Transform for UWB Pulse Radars
Takuya Sakamoto and Toru Sato (Kyoto University)

Abstract

The UWB pulse radars are promising as an environment measurement method for autonomous cars and rescue robots.
Radar imaging of a nearby target is known as one of ill-posed inverse problems, for which a various studies have been
done. However, conventional algorithms require long computational time, which makes them difficult to apply to a realtime
operation of robots. We have proposed a fast algorithm of radar imaging, SEABED algorithm, for UWB pulse radars.
This algorithm is based on a reversible transform, BST (Boundary Scattering Transform), between the target shape and
the observed data. This transform enables us to estimate target shapes quickly and accurately in a noiseless environment.
However, the estimated image by SEABED algorithm is degraded in a noisy environment because BST utilizes the dif-
ferential operation. In order to solve this problem, we expanded BST and proposed a stabilization method with FBST
(Fractional Boundary Scattering Transform). This method can improve the accuracy of the shape estimation to some
extent. This method assumes that the fractional transform parameter is constant for any signals. In this paper, we derive
the optimum parameter depending on the received signals. We propose a shape estimation method which adaptively select
the parameter, and show that this method can achieve better accuracy than the conventional one.
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Fig.1 An example of a target shape and quasi wavefronts.
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[ False Image Reduction ]
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Fig.3 The relationships of the spaces.
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Fig.5 The procedures of the proposed smoothing method and

the conventional one.
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Fig.6 An example of a fractional BST.

gboooooobooobooboooooooobooooboobooooon
goooooboobobooooooobooobobooooo
gooooooooooooooooooooboooboooo
goooooooooboooooooboooobooobooooon
0000000 1.0x1072000000000000000
0000000000025 x107200000000000
obobooooooboooeoboOoOoOoobOoboOobOODOn
goooooooboooooooboooooobooocoooooo
goooooooooooooooooboobooooooo
oboooooobooooooobooooooooboobooooo
goboooooboooobooboboooooooboooobooo
oooooooooboobooboolrboboOobobooorTOoDOO
oboooooboobOooo0obO0oboobobo0b ab0oooo
gboooooboooboobooooooobooooooobooo
ObOOOOOOOODOOOOOOOODOOOOOODDOO
gboooooooooooooooooooobooboooo
ooooooooooooooooooboobobooboooa
gbooooooobobooooooooooobooooo
goooooboobobooooooboooboooooboo
gbooooooboooboobooooooobooobooobooooon
gboboooobooboooooobooboooobocobooooo
goboooooobooboooobooo

5. JobooboOoOobDoooooooaooon
gbobobobogbaooo

5.1 J00O0O0OO0OO0OO0OOOOOOOoOOoOon
oboooooooboooooocoooboo 2000000
gooogoo

2
dzya gzg
2 du \ 27 - d a2 (14)
e {1+ a(§) {1+ a(@)? + oy

da?

gboboobo200000000000000000O0DO0
000 00000000 «O0000D00D0O00140000
gbooooooboooooooooboooboooobooobooooo

4/6



0.025

,-=~. Smoothing in /\
van
Smmt eal-Sn

Real-Space
rractional \
'ransform Space \ [ .~~~

" Data Space

\//\‘\‘\_
A / PN \ e

<
; \
A A\"¢ \

ne y

o o

[ o

[$2) N

N\
. o |

~

’

h 1

H 1

l HA
‘l i 1
I 1 I‘
i !

i [

R

| ’
Y
I JERY
FAY
N

o
o
ey

Error of estimated

©
o
a

, ©
W LZo=F
N
’/
N (S
s
3

A

zzi

v

I
x o
-
N
w

07 0D00O0ODOOOOOOODOO
Fig.7 The error of estimated shape.
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Fig.10 Estimation error for the proposed method
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