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Forward-Looking Synthetic Inverse Scattering Image Formation for a Vehicle
with Curved Motion Based on Time Domain Correlation
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Abstract

In this paper, we deal with forward-looking imaging, and focus on forward-looking synthetic inverse scattering imaging for a vehicle
with curved motion. For image formation, time domain correlation(TDC) is used and a 2D image of the ground in front of the vehicle
is generated. Because TDC is a technique that implements matched filtering for a space-variant system, it is robust to Gaussian additive
noise of measurements. Furthermore, comparison and analysis between images from linear motion and curved motion show that the
resolution of the image is improved; however, the entropy of the image is increased owing to curved motion.
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1.
. Forward-looking imaging radar operation geometry
with a vehicle.

o2
o

>
el
o
i
;9: _I.u,
2<)
x

i

°
N

(time domain correlation: TDC) 7] ©

He Agtsle ol tE 7S Hlas

BAT, 198 949 A 3 4= 24

:lﬁ
s

tjo
B X —Q ox
=

=2

& ofr
)
Y

©

T I ol o

dob i RI 2 o

E

5 AN Ayl

ERES TR

=)
o

<

OB 2. $A8E AF Fu Wz 2

Fig. 2. Transmitting LFM pulse train.

A
4

2~ o
=

61



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 1, Jan. 2019.

-11:
M
2
o
B
i
2
[
ot
N
A=)
B

1 Z(linear frequency modu-

=3
&
>,
fou
]
)
[
=
Iz
I
)
=)

ulse repetition interval: PRI)
Lo M. of
Zol= Eof BE quoﬂ
EE Yo 7Pgs

Fo4 o) EAGS u}.

=
% T,& B2 F715 U
A

=
fuj
of
B
o
_<)|£
£
i\
ol
o,
2,
v
HE

ox o M

>
)
_l

s, (1) = expj{n kT, +27f,1,)) 1)

AN K= B/5& e, £ M T 0,
£ g3 2o

exp(j(ﬂ[((fp — 7))+ 2wfc(5p — ;))) @)

S04 gy y) = AWe] AR o] F0)4 YT 7}
ANE ) AR o,y ARo) BE WAES epi e,
X, ¥iE A7 240l S A o3 g A
AR 58 SJudk o714 5y, 4 A
v FAE oz 0 S
Syt v} sl gehs Axe] B0l
o) ol 00] oRIAT o} HA ol

<
o e

(o3

(o3

1

st gy y,)
ASA Fethd AGshe g(v,y,) 9 S 0lh EF,
TE B0 BT FhOE B A7HE 9n|ata, ol 9}

2ol £A9] 4] o, ol UF B ERD F Aok

~ 2R(t,a:k,y,)
c ®)

62

M Rty y) < Boltkst 24 ko] AzlE vt
ok 2242 240 glojA FHolA gental 733
< o dolnrt A Z}w’] = EFet] WEel 7
27k A7kl o3 drE @ o] =R A
o FY7|5A 7 A skl AFgke] 1A= kil 7Y R
BHE A A A e deth

719 9ME TAHE ts AEEE ol Fofdl

AB 2t ) AFE BT 2,

ZO(tf-,p) T*(tfp) (tfp)

X Y
PIPIVCETD

k=1l=1

exp ](27(-[(7—?/,1) +onfr—nk7))  (6)

2] 4]
zf-,p =ty (p— 1)T11 (7

£ ojnjaa, o|4tsEl A7k ¢, % S AT 1 ol
o 2tk

tf-,p:tf_k(p*l)Tp ®)

2R(tf-7p,xk,yl)
c ©)

t, = o|Fsh fasttimeo] 3, fHA A AIZHS 7
Ak t,7F 7S Az WSle SRS AFee A
Hoiy $Ade B27h v A
oltt AEH S AAstE ARE e LA sk
Fa= LM 2R,/ (7NN Ry A W
eid 7P W 24340 AdE vepl ¢ 229 dE
£55 Yepdthz Atk 28 ¢, 9 Zole Fela 7}

=

z=Ag+tn (10)

MM WY 2= [2(t, 1) s 2(tg )5 2(t9) 0 2 (E )] £

Aol B3l **EM 24708 ehiel, Pl £45he



B2e] £ 142 Uitk £ W g [g(rpp,), -
9@ oy)s g(@,ys), 0 gl py )]t & 22§14
Aol s S-S UERIT tek ARjel %4
Aohd 09 &S 7T dE 4+ o 2o

A= A(t1117x17y1)7 ey

el
A
O

A(tl,17x)ﬁy1)7 ) A(t1,17mxvyy)

A(tm73317y1)7 ey A(tp_pz)(vyl)v R A(tj-jpx)(ayy)

A(tp_pacl,yl),...,A(tEpw;(,yl),...,A(tp_pxX.,yy)
(1D
9ol A
A(tf,pamkvyz)
= exp(j<27rKT¥fﬁp+27rfCT— WKTQ» (12)
2 et gebd Wy 29 27)E FPx 103, 4
ol A7) FPx XYolH W g9 A7|& XY x19]
He AS @ 5 Ak =3 99 A3 2ol YrE T
@ 242 WH o e B2 Yehie Wy g2 9
E1 zE %gﬁ _ir.z o}‘— 74 o=z /\§7]-6]— oh;}
M. AlZt Y A E St
HMEH B B BY

R

*d%%:% S a4 A
A8, 01% SRR

<

THE A& A7 pHlA $AIG AR

o] 0}‘4 %}‘&‘&ﬁ](correlatlon)i TFAg 7ol R
Akl d
A& 2 (t)‘jf]rl St AlZF G AFHAAZTE

P
yAA el w2 A4 g(a,y,)

pads
|o
it
e
ox,
)
N
1o
i
=,
_.
b
4
]
N
ol
2

e
=
=
o,
a8
_L\.‘
M
b
(o
fru
>
oX
=)
r )
=)

Yo X
1o
ofje
sl

- o AN

(o
™

E
Al Aizke] 242 2 Ak
EAEE & F o, w2 I gto] Fohd & gs)
QA E BHo] ZAEA Foe & 5 gk 20
) AGAME 2 ()7 kST E, £1) 911 wet
Ae] vhR) o) W Rl A (13)0] TREMOZ ¥
oz 37+ &

1 A 2~ H (space-invariant system)©ll T g
& 284 A

12 44T Atk AT A 3o
Aol weh ZHA7k A HABE GAo B 54
g alstel RS THOEA 4Y BHE 200
5 Azgol tsld 78 5 9

Qo1 47 4 (1) 1 A2 el thelA
A3 4 (10)~4) (1200 <8l e 2ol Zetal o

Ay

H g2 9/ 9% 4% 86 d3e dold F gtk
g=A"z (14)
ol (e Ad AAE gn)gih
A 2% P AL 99 2 AR 9 244 2

2ol tfal ) B ARIAE Akl e ohi

AI7ZF 4 ABdA 7IHE A7 EA) 8 ARs &

2o 5 UHOE B0 EASTE 1 F 2AS

4A3) A SHAE AFe] Wi +EE F 8l

o &, 2;“(15)77131 UA| 7] Wl 2 AEEA #

02 AL, AW AY] FALES FrhA 59

ZHA7L BEEE FUY 5 Qo GadA A9

o] Psae. mebd A 24850 e Ao}

Folx vt 7P SohE ok HolA et 4 3E

< dlojtk SAA glo] BE F JCER FHALFY A

G ML G FAo] 7hsatet g FALES T A

o= AN SES sH Aol Hlas) 29 o] Thsat

B2 Balisol At A% 4o AR B3 2

o] F7HHsE Al 2Fe] AEH 7]go]7] ol AlSA

2 o] %9 A5 o F= HlE Husheteh mebA 4129}

63



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 1, Jan. 2019.

V. 2OAE A

S EEEE N EE T
& 39 33 2ol B4 74 W% 34 79
o thsh ALsH 71 A GG g
Faol 22 A3 94L MLtk 19 39
A2 44 F9F o) Ao 42E vehio
& 4 F9Y 0 Aol A2 et
AAE ok B A7 ¢, ol wek A2E E
T, A A4YOE F EHS BN

=0

j=d)

==
>

N

N i

i £

tjo N
Mo 1 o N

—

rlo 1
il

=

ity

=
=

6 m]
5 |-
4t u]
E3 o
>
O linear motion
2r O curved motion
O  point targets
1 |
ot
1 0 1 2 3
x [m]

J8 3 294y 43
Fig. 3. Simulation scene.

64

2

9 2

doltel 92 (0,0.0)012T AS ) ¥ =
452 )

Wk 91X = Flolthe] A2t =ol7k Y W 24
o £9USS 7MEE —p7t Aok F THE9 (
AA= 47 (0,3), (1,4), (4,5), (0,6) 22 A3t

TojAgo A 2ol getulEEC] & (o] AAE
A E g e o] we fasttime A Z9] 4 F 2 F215)
= 829 4 prt AR E

R

u
rlo

ox 1o
<
~—

z,
A
A

Ru

D B daFLE o) HolA AFT uke} ol
AZE G AAAATE AR AN CH, SHATE 47
o] A2 4810 dBY] A% o &= HIE 7K )F As
o 22 A719] ol Fo1x1 480 dBS] A% o) #=
H1 S 7H ) fgol AlaEth 7 A8H—10 dBe 4l
SO Fe HE R Ze)ddl dial 98 2AE AT

I9 4 8 09 5e SR s o # v7k10 dB
4 e A e 9 23E Uitk H2
M HoR A FAY A AAE 4 I EAEA
on, Batste FAel7] WEel 7 2 3he 7=
Agkol 1olth w10 S 2 e M5 E £
o) L o] ZAGS LehiE, 0ol 7S 7S M
% 1 pRolE E40] 8 thehih £, goltk
W L Ago] S0l B RE HHo Y3} 52
FAT & 9 AEL WO Mg A LFS
# 1. 2943 g
Table 1. Simulation parameters.

Parameter Value
Carrier frequency f, 77 GHz
Height of the radar h 0.5 m
Speed of the vehicle 1 4 m/s
Yaw rate (only for curved motion) 30°s
Bandwidth 300 MHz
Sampling frequency f, 50 kHz
PRI 10 ms
Pulse width 1 ms
The number of fast-time samples Z’ 50
The number of pulses P 64
The number of grids in direction of x X 101
The number of grids in direction of y Y 51




Synthetic inverse scattering image based on TDC when
SNR of measurement is 10 dB with linear motion.

5 4 3 2

-1 0 1 2 3 4 5

Synthetic inverse scattering image based on TDC
when SNR of measurement is 10 dB with curved
motion.
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Fig. 7. Synthetic inverse scattering image based on TDC
when SNR of measurement is 0 dB with linear
motion.
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Fig. 8. Synthetic inverse scattering image based on TDC
when SNR of measurement is 0 dB with curved

motion.
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Fig. 9. Synthetic inverse scattering image based on TDC
when SNR of measurement is - 10 dB with linear
motion.

Fig. 10. Synthetic inverse scattering image based on TDC
when SNR of measurement is - 10 dB with curved
motion.
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Table 2. Comparison of entropy values.

SNR| _
Motion 10 dB 0 dB 10 dB
linear motion 7.8155 7.1155 6.8827
curved motion 7.9880 7.5979 7.4433
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