Journal of KIIT. Vol. 21, No. 5, pp. 83-90, May 31, 2023. pISSN 1598-8619, eISSN 2093-7571 83
http://dx.doi.org/10.14801/kiit.2023.21.5.83

dlojtE #Igk o]F &4 A
Al 7

H3ek B B AE

M &«

rk>

Moving Target High Range Resolution Method for Low
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Abstract

For detection of low observable target, high power and false target removal capability of radar are required. Since
false targets consume limited resources of the radar and hinder the detection of targets of interest, a detection
technique that effectively removes them is required. To this end, in this paper, we propose a new method for
detecting low observable moving targets. The proposed method removes clutter and non-interest stationary targets and
increases the signal-to-clutter ratio of the moving target by combining a simple stationary target removal technique
and a high range resolution processing technique. Afterwards, it provides selective target detection function by
identifying shape from the high resolution range image of target. To verify the effectiveness of the proposed method,
a signal simulating the sea environment is used, and the experimental results prove that the proposed method can

effectively detect low observable moving targets.
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Table 1. Radar operation parameter

Parameter Value Paramter Value
Step
Altitude 40 m frequency 12 MHz
(/ste)
Velocity 0 m/s Banadwidth 12 MHz
Center S band Number of 5
frequency pulse
PRI 200 ys | moer o 3
burst
Pulse width 20 us

2 EM MHE

Table 2. Target information

Range Velocity RCS Length
MO\ k) | m/s] | Im? | Im]
1 26 0 1000 1
2 18 325 500 1
3 6.5 0 200 1
4 8 1 20 1
5 8.2 -1 20 1
6 9 15 10 1
7 21 -15 100 6
8 16.5 -5 05 3
9 12 12 1 1
10 24 10 1 1

8 e AEzes A9 2oE s Naval

g ASE YD 7 UEF AR
vl=, H3} Sea State[8], UHEILIS FEE} o|F=
Z{(Grazing angle)e WTE  ARESHH  ZdH
Reflectivity S AlMME < Utk Hde 2 A9s
A3 Sea State= ©F 6.7 mys OF3h Higto] F=
level 35 7H83tH.

2@ 23 9 FIH AVHE



Scenario
30r 1 4 1 777777
O  ownship
clutter
25 3 target of interest
¥ target of non-interest

= /W T =
;‘—_- 15 - :
-
51 o ot ot oo aom 5 obm cen cem em ot
0 : . < -
-3 -2 -1 0 1 2 3
X [km]
2% 4 BY 9 Zejg M
Fig. 4. Target and clutter scatterer
Example of receiving signal oﬂ 9]-3]] -]7]—Q 7;10]’5]— %a 1 /1\_. ]—ﬂ]ﬂ X‘]7]—%
100
o o wet 71& 4 4AsEY Asd Z2H ¥t
_ e MAES AT & Atk of2gk s F2E H
g . AR &7 A 1A A wAA B A
g = W G 340 Sl BheoE IYelA F
0
G4 wiaz EHE oS ue A Pl o
. A% E4 Nz7h BasAg AAR Ave el
© & o Stk o]z Qs 7]Eol widA ®3 "R
X g]—g;H Zd_ﬂ_ﬂl";j /\]}\E-ﬂ ;(}._‘?—_].Q_ 31]-/“ x-]j‘),]E]— SI}G E]—
Nmberdlpdee 0T g e T Qo) 99 5 QU Bk mpXgtos Hea wi
a3 5. #olct 29 4% = 239 99e Hul RCST} vl FobA 7]
Fig. 5. Simulated radar signal A2 ord BA A o] Aok Wy A& o]
HEHom BAEE HAF 4 ok
IV Al%aﬂolAlj 7E:|E|- Detection results with
moving target high range resolution
80 . : - E :
mti processed signal
3RO M AT moAlzof olF A A s & O detscton
T A& A8t CA-CFAR ELX] L EE9] eor
bl

FE AHelE 28354 %3 CA-CFAR &
1EES Y AxE a9 79 yekdh
CFARY] th3h &2 B =19 FAE Hojyrz
W50 Ao Aty

Power [dB]
5

S Avke 19 6o YehiT o)F ¥4 7 MW
b} A ’ MH
[

&
S
=
e
[e13
=

w
o
T

N
o
T

M

-
o
T

a9 63 19 79 AFE HwsEE 4 HA o, . 0 e P pos %
AQl Zey A5 o] 10 dB o) 4% As Range k]
3013 2= 9t} o]= AL oF o]EsE W AT J2l 6. 0l X el UaiAT Ne| BX| 2ot
_ Fig. 6. Detection results with moving target high range
7]’( Oﬂ uil-lj’]' Jgﬁ_ llm/S, ?_:]_Z]' 074m/S) MTI JE‘I resolution



Journal of KIIT. Vol. 21, No. 5, pp. 83-90, May 31, 2023. pISSN 1598-8619, eISSN 2093-7571 89

Detecti Its with 3] IA 28 o)t 2= o)
o o movinge‘:aercgtleotnhli';?\urfasnggrz:cflution i : OEH7]— = 5_7] Oﬂ U:}‘E]‘ ZE% H= _-1 L] é n ”‘q-'
= ol 23 ke BAFTT & of vt 9o
70 O detection | | AN l,ﬂ_}—“z‘__ 51:_% lﬂ'E %‘\%‘ :l]aj 8(3)9’]' ZELO]
A

| s le wSlE

o WOl [T [ ke el ABE vhebd Aol oled o8
go| |V J‘k ‘| o EEouad 2He AL e 53 A Ahss
£l | L ohoES EA 4R Oy w4 Zolg ERwn
ol w | 18 8(b)Y 2~3m XA, §(c) 5~6me FA Tl
o " e A8 R A48 & gtk 549l ol 4
RS 5% de 4 U JAU@s 2= AAE
Yoo s w e mo s w0 J]Zo2 |0dB7} HaRE A 2HE 94E 2
2217 01F B szl DANE el olng gx Zn o0 ok Ol 10dB AR el weh 24

Fig. 7. Detection results without moving target high range H Aot}

resoluton AEHOA AN FY BARsE F ) )

@ S =] o] o)k
oJE% Avg wHo| BAg Y3 Azg HA T;f;iiiﬂjof ﬂfj Uj“]i fjf;
A7) ool BA TS AR U AT Lo L T el s
i _ 33t A 3EA (Point scatter) FENS] EZ A5 T3]
A2 AnE S 29 64 FA WA E s wo zmo ol srsson Do
Ao TAE A A 1Y soA 2l 7} B N

2
A3 Al THANE G 2HE
45o) Hoh £ Ao ¥4 92 9 4o

T Zlolth

1

2|
Ratil
ole
rit
A

R4

scatterers A= A4 A4 A= o Ausin
o

7

Center : 12004.19 [m] Center © 16501.08 [m]
(a) = (b)
40 -
*
50 - ¥
35}
i
g “ g
= / T 45| X
@ s
g3of A g f
a a 1
* /
/ * & o 40
25 5 \ % \ ¥
/ \ / \
sf |/ X =
20 \ 1 / r A
-6 -4 -2 0 2 4 6 8 -4 -3 -2 -1 0 1 2 3 4 5 6
range [m] range [m]

Center : 21007.96 [m]

60

55 #

power [dB)
o0
o
!

A
o
¥

40 +

-3 -2 -1 0 1 2 3 4 5 6 7
range [m]

J% 8 doidE M2l Az gy

Fig. 8. Result image of high resolution range profile



90 A¥E 24 g4 dolvE A% olF &4 7e] ALHdE 2

v.2 B

e riz

Lo
e [{d
=2
>
rlr
Y
=
A
o
i
23]
1
lo
fofs
Kx)
o
ro.

s
offt
23]
3
o
ot kO
:?g‘
oX,
b

2
)
Al
ot
N

>~
>
ofo
s
e

N
R

AN =
w o

]

o
il

=)
Y
2|

e
>,
=
o
fru
=
kl
ol
N oy E

=
o W
od, mx i -
o
M

for

=

iy

v}

i)

=3

Of

S

2

=l
it
oy

>
23]
iy
Res
I
i

>
%
gj‘
(r

in )
&
ru

oy © M om0 B oyE X X
oo

ol
4%
O

= =
"

SELS

o

oo

o

=

>

oo

it

¥ rlo

%0,

o

pou)

lo

B

Ak Z¥H9 &5} A9
A H U2 a3E HAE Zlow 9
staggering 9 71"} A AH&SHH

A19] blind region $l°] £ 45& H

ok
s
rlo
o> %2

£ 4

=2+ o] 34 GPAER B g
o] 2o Z1& XAy} Doz

References

[11 J. A. Scheer and W. A. Holm, "Principles of
modern radar", Raleigh, NC, USA: SciTech Pub,
2010. https://doi.org/10.1049/SBRAO21E.

[2] C. Alabaster, "Pulse Doppler Radar — Principles,
Technology, Applications", NJ : Scitech Publishing,
2012. https://doi.org/10.1049/SBRA0O24E.

[3] B. R Mahafza, "Radar systems analysis and
design using MATLAB", Chapman and Hall/CRC,
2013. https://doi.org/10.1201/b14904.

[4] S. Hong, B. L. Cho, K. Yoon, K. S. Kim, and C.
H. Kim, "A Study on Selective MTI to Reduce
the Error of Velocity Estimation for MPRF Radar
System", Journal of KIIT, Vol. 20, No. 4, pp.
81-87, Apr. 2022. https://doi.org/10.14801/jkiit.
2022.20.4.81.

[5] A. Paulose, "High radar range resolution with the

step frequency waveform", Naval Postgraduate

[6]

(8]

1

School,  Monterey,  California, Jun.  1994.
https://hdl.handle.net/10945/28262.

R. J. McAulay, "The effect of staggered PRF's on
MTI signal detection", IEEE Transactions on
Aerospace and Electronic Systems, Vol. AES-9,
No. 4, pp. 615-618, Jul. 1973. https://doi.org/10.
1109/taes.1973.309648.

V. Gregers-Hansen and R. Mital, "An improved
empirical model for radar sea clutter reflectivity",
IEEE Transactions on Aerospace and Electronic
Systems, Vol. 48, No. 4, pp. 3512-3524, Apr.
2012. https://doi.org/10.21236/ada559494.

D. K. Barton, "Radar system analysis and
modeling", IEEE Aerospace and Electronic Systems
Magazine, Vol. 20, No. 4, pp. 23-25, Apr. 2005.
https://doi.org/10.1109/MAES.2005.1423386.

P. P. Gandhi and A. K. Saleem, "Analysis of
CFAR processors in nonhomogeneous background",
IEEE Transactions on Aerospace and Electronic
Systems, Vol. 24, No. 4, pp. 427-445, Jul. 1988.
https://doi.org/10.1109/7.7185.

SN

k>

H & (Jegyung Son)

20159 29 ;. ARt

3L
o =1
20183 2¢ : A&t
AAFEH (TS



	저피탐 표적 탐지 레이다를 위한 이동 표적 거리 고해상도 처리 기법
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 제안 방법
	Ⅲ. 시뮬레이션 구성
	Ⅳ. 시뮬레이션 결과
	Ⅴ. 결론
	References


