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Compensation Method of Monopulse Slope Distortion within
Using Sidelobe Canceler

217 5.2 8.8 8§ A

[ — —

og

Ki-Ho Kim - Hyun Kim + Hyung-Suk Jin

otelul fjele] Reo g FAHE B

71 7](sidelobe canceller, SLC)E ]’%??}Ijr. “?—‘Exﬂﬂ7 = B2A5 A
FA ANEZ AL Bz ot FaAY S o T

AT +49 ABE BT S AR A5 A7 F e Y e Twﬂﬂwﬂ %il@ﬁ% =
A7) Ag A F Qe W dE) 9 o] BalElA Hm, of : d =
At B =RE BGAA7) e A BAYsE Rega °
 ohel} 58 AR Exbol 3 7ivke B WS Aelh Algk el
o, RAAAY AL07 JTE BrFA oy A5s AXNYS Falsid

Abstract

The sidelobe canceler is used to remove the received sidelobe jamming signal on the receive antenna pattern. The sidelobe canceler
does not use the main antenna but is constructed using an auxiliary antenna. The sidelobe canceler generates a sidelobe cancel beam
of the auxiliary antenna using the received signal of the main and auxiliary antennas. The main beam pattern that cancels the jamming
signal is generated by combining the main antenna beam and sidelobe cancel beam pattern. However, in the case of a jamming signal
received near the main lobe of the main antenna, distortion occurs in the main antenna pattern by applying a sidelobe canceler. Owing
to this distortion, the monopulse slope characteristic for the angle estimation of the target is also distorted. This paper proposes a simple
and effective method using antenna measurement data (e.g., near-field chamber measured data) to compensate for the monopulse slope
distortion that occurs when the sidelobe canceler is applied. The proposed method was verified using simulations wherein the improve-
ment in the distorted monopulse slope characteristics was confirmed.

Key words: Sidelobe Canceller, Monopulse Distortion, Monopulse Radar, Active Array Radar, Adaptive Antenna System

LN & EHH WAEo) FAHE 452 Fa B4 ¥,
32, A, 917 Q1 s Aol A HkAL
dolthradan= AA/1HE 4520 RO WAST  Ho] e AFE AUACR &S 278 A,

LIGY 2$)(%) (LIG NEXI Co,, Ltd)

- Manuscript received January 21, 2021 ; Revised February 9, 2021 ; Accepted March 8, 2021. (ID No. 20210121-007)
- Corresponding Author: Ki-Ho Kim (e-mail: kiho.kim@lignex1.com)

344 (© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved.



o9 2 kA ¥ A FT
ol wstA Hrt whebM SeE %
AE #1314 MTI(moving target indi-
e, ool Y= A Ao

AAE AsMe FAA A7 (sidelobe canceller, SLC)E
AR Zhek A A5 o) A Al E Al A A
7le BZ QHEIUE AHEalM A etk F oF
B L(main antenna)?} H.Z SHE| W(auxiliary antenna)Z ¢
e AY NeE g5313, F A5 Aol AW
Ao BEFe A7 AA B Add ey FA Al
= AT AT A7 A" —/r\"ﬂ /\1§—§ A7 -?43]1

a9

ol

2

ol

r>

fols

I o

o

ol

o

o

HY

rlo

M

[N

N

g
i

L
flr g
Mo e rm

~

ofN

l‘Tl‘

>l BN
K
-\
T
to
o
FN
E
fiu
z°

1 of

covariance) %}
A 29 (correlation) W E] 2] 0 2 3|
[2],[3]_ _,_Hxﬂﬂy] ]_Jq_o}uq = u] T el o] Hojo) "‘ZH
st AW e g aRH0E AAT F Jou, A Al
o7F A W SR Y T SA | EATE A, F4A A
Qe F SHelvF Al e ¢ o] LAY skA

Tz bz g g
juic)
oX

V3

?L
N L
o

a

Abero] W wo] EAFTI waby B =Fo A
= FEAANE AR 73, B EE ReE s 43S
A8 fal B4 7HsAE e e BREAdY
FA A} PR 2 A A SHE
QU Al ASE ARt ExdX o HAA
(correction factor)E A|AFs}, HAAE Eie XA oy Al
oo A&ste fFS MAdste et 2l WY

= Aljrgoh

2 =19 A e AW tes A FEAA7 &
Aol da) AdstH, g 2dX o
3 HAS 98 Ak el dis) 718t IV gl

hstenlng period, PLP)S ZH= ‘C . PLP +
& AHEst A A
7}?74—* A4+gke) p

AEEKEEEE *Ji—t— AL, 48 o
EA AT webd PP FelH A A5 v

&L 7A wE T2 Stk PLP 70

A
A ol §2 72 2 ey

UE sl 48Es FANS (e 0l A

= A FAAA7 22
g5 2 delE *é“é‘fﬁﬁ} Tuxﬂﬂﬂ% a9 13 3

].

1;!

At AW AZ7F AAR NE e %Eﬁ‘f&ﬂ}.

HEAAA7Y L g EH 54 7}
S PLP F7Hl| A F/HZ SHU ASE A
7

o A Hasse g B Aol
4 Azl o ﬁw @zmsq A9
= 7t

N
0 — Z @y E;msmej
J\ n=1 + L, 2=
My o4 X- w¥
3
8; - )
J\. wge ksinB;
My >—> 0,
Main
6}\
My oy
Sj\
Aux al—
¥ = E;I{smﬂj

a8 1. F4AA71¢] 25

Fig. 1. Block diagram of sidelobe canceller.

345



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 32, no. 4, April. 2021.

minE‘{|x*wHY12} = minE{|mH*wYH|2}

=minB{(z7 - w YD (2 — ¥}

H%E{(IH_CUYH)H(I‘H_LUYH)} =0 (1)

oA7|M x= F SEIUE dY¥EE A & e Bx
FIUE Y u= A Ba 7taA]on, He o 2R E
7] (Hermitian transpose)©]T}. 2] (1)ell A B 74 €]
e T3t A (2)9 2ok

E{%(m”—wYH)H(x”—a)Y”)} —0
— B Y"-wy™} =0

— B yy"w = Bz v

—Ryyw :Tfy

Sow =Ryt )

NEAE ool A 33 2o

]
SaAE Zhe 2l Y F2l HE S P g gl
2(t) =z —u'Y 3

A B2 7NSAE Adote] 19 29 2ol A A%

Comparison of SUM with SLC weighting

Amplitude[dB]

-30 -20 -10 0 10 20 30
Azimuth [deg]

28 2. 99 A gAES RIAAN G FA G
e T (Y g 20°)

Fig. 2. Normal sum pattern and sum pattern after SLC
(jamming direction 20°).

346

. FEMAI HE Al A=z ZBAL 0f2

s 2Y

golthill Ae 49 A4 X F4& e ExE A
e AR AT Rirdie QrEy A 2150 FHsum)
3 aHdel) AEE Aol Seldh AW A57E 52
ANe F4 Fto] EATEE AW AF FFOE Fa
A 2 A8S B F9 22 B3 e 39
ol dj=o] MAS Y, Rir B S E Qxp7} Ay
Sk B A 9 dolttel A g5E o
wgzo] dis) 4 F 29 A7) A8 A Brgs
o NS = B WS AlQreitt

3 9 Hw 2EA

249 2% 944 $4¢ A% Bedx PoE
Zu ok QT BB o] 2A19T £ 9%
o2 JYuE A 02 279 N5 vast 57
o A2 FHshe A% N RrBacke g A4y
MR Rwdsl 7 R QEEE 459 94 2
o)F 2% 912 FRST, whek I Y et
T Bxdas Sa 9 vl BReEAE AR O
¥ 33 2o £ 7o) eE AHEE Sabile mreEs
QHlUE 3T sl & e

Antenna
Axis
Anty

Q8 3 A BeEs Yy

Fig. 3. Phase comparison monopulse antenna.



Qg A1 4 @k ol B4 eirkste] Aoz

A}

o
o
g 9tk

-+ Lo

d . d
Rl = R(1+ﬁs1n6’),R2 = R(lfﬁsmﬂ

2T 2T .
d = T(RI—RQ) = Tdsm@

AN A= ANF B, 0= F AT A}, I=
St} Hojato|ES} 4 Atol9] 7t g <teu} 7h 7
2], RI3} R2= oHELU}9} 4 7+ A, RS wj Y otey}
A% 2470 AR E deiith Rird XA HEZ
o] Z¢L otgle ¢ AT 9t A} Als o HE A
BExg2 oy Mool & Alset 2 A= 4 (5%
7

X=5+8,+n,+n,

A=58-5+n—n, 5

A71A §3 S VR JEEHE Ao Al7]om,
m3 ny= e g A% 710tk 83 S A7+
23 914ke) Ao)gt EAFT, A58 277t o] 27)
WA R A58 BT 5 ek A (6 o] B
33 A5e) wel BaEs g A5 ekl 4 gk

2

(6)

Felg A e e] =
A 71e71E 7] Ad 9 f‘éEﬂi UrE}UrU% ol 2] ”14

N R R 2 SEls] W AR
gl mmEs

L 541 AE FHRT)

s 2A0E AT e A ©F Esﬁ #3171
w2 og NEE A T AEY ARRHO)E T
s, TelA SRS A4 @l Age) 119 4% 93

|
(5 ()

ofr

FHGMELE ] BAA AT A Al BB )= BA

SUM pattern(HPBW = 2.72%)

Amplitude[dB]

1 1 | A . I
-50 -40 -30  -20 -10 0 10 20 30 40 50
Azimuth[deg]

@ 4% S S 24 WA A
(a) Sum and del pattern of linear array antenna

Monopulse slope
T

Estimation angle

P 05 o 05 |
Azimuth [deg]

(b) ExE2 oy A%

(b) Monopulse error signal
O3 4. A3 9g tevel A e B

42 g 4%

Fig. 4. Sum/del beam pattern and monopulse slope of
linear array antenna.

32 YRE BBA o2 M5 2H Y

B AAAE AY $oR F248 44ske +4 1)
0 WEel AY NBE AA F F2A 4L ) W
49 WA AEoR 8] g3E BeB2 oY 152
2HAA S e A @014 4 Qe 2 A
2 AHg3te] BASE WHS AT RRAANE 4
£ Rg2 oA NS0T FHE 4 @ 2

347



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 32, no. 4, April. 2021.

Age _ Ay~ w,SLC

Sgo  Xy— wSLC

€L =

_(4,14,,,)-wSLC
(2,4 2,,) —wSLO 8)

AZNM st dace F9 AAZ7F A48 ey &

IZF TG, 59 A FEAA] HE A ke 3
A FA AT 59 A5 A 0 A Y
Szt FA A5 oSLC, 0SLCE B 7FER7 A4H

SLC QL 241

150|th 5, Ay < AA 37|
e ot 2 A S

A A

A A 3, 4, I A D 24
% 2 I NS, A)E 2T G0N, B
T % D ARG BB o A5 4

9 #Zol ¥8 7hs sttt

HJ JlN'

A
s
Al
Rl
3}
pal

>,

“oLe = Ty =W, SLC )

= (mwr 2ol B} stk

w,SLC
A, (1 A, )
€sLo — Eo W = € Weor
(1_ z, ) (10)
- (1=w8LC/A,)
Yeor = (1=, SLCIS,) a1

B AA7Z 4402 gFE BedX oy As
2 (1N 8 A2 g3 BA A9} 4 (1
HAR BxEX oy 2A3(g,)8 4

Coor — €sLC w;ml“ (12)

Asie, Jsie
(SLC)
€ sie Esc® 1 cor

cor
(distorted  [—— e (cnmpensaled)

rrrrr ) error]
Amy >m

(Main)

J8 5, ExEA oy A3
Fig. 5. Diagram for monopulse error signal compensation.

5 BA

348

504 ae A8aR w4 Rrds oy A58
7% % 9o
N 2EEA 42 2Y ASH0|M
9L B sl AF 43 27 994 45
AZ2 991 09 B 20T FHE A 94 0

RIS ARS8 AlEd o] 3Tt HAL *x} KA RS
C-gFak] 129 268 cmZ AAsle] AE wjdz
AR WiRel o, RiedAs 98] 2570 HARA
AE Fol 209 FujE S ATk SLCE 98 Bx
ol U= 507 EAbaAt £ 1, 28 EALAAE AREREHS
ot EAL &) wix] 9 2= 9 63 ﬂt‘r

f

A
“3111 I8 4a)9k 7ol ¥4 35 dBe ©1%, WE 2.7°9]
*3% Zheth FAAIA7] A4 Al AT AS gl up

L Eal lﬂi A58 3 54 gl $l8) ISR 10
dB, ZH“J ASE $l 40, 8, 15°, 20°, 25° W}afol] Z7)
8, Qreluh 237k w97t 0= A7) Al ol st
Atk FAAANE %—6‘}@1 A A5 ek A5
A3t eyl o el 2 s O9 73 Pk O
d Ta)y= A NS B R T FAXE A
21 3 si”oln, I8 7b)e A AlS WEOE FA4X]

rlm e

= FIO

Linear array

O sub arrayl
18[ O Subarray2
SLC
16
141
121
1 GOCCOOOO00C000OCOCOCO0OCOnNNnnnInnNnnoonaonodnooonn
0.8
06
04r
02r
0 L 1 L 1 L 1
20 40 60 80 100 120

element distance [cm]

a8 6. Aledolds 918 A% S <tey wiA]
Fig. 6. Linear array modelling for simulation.



Comraison of SUM with SLC weighting

0 | SUM(originy |4
---------- Jammer 4
Jammerg
-10 | — — —Jammer15° |]
Jammer20°
20 i Jammer25
D30 bz D NS ) Nul{15 D Nu(20 ) Must{zs )
g
3 I ]
= 40
E
<
50
-60
70

0 5 10 15 20 25 30
Azimuth [deg]

@ A% AE FFOE FAA7L AHE § HE
(a) Sum pattern with null at jamming direction

Comparison of DEL with SLC weighting

ot .
4 NVl es. 2 Nulf."?ﬂ )
-0 |
"
0 LE B g
. . (\/\ o, \
Bt b |
@
h=] 1
=R |
= 40
E
<L
50
DEL(origin}
B0 Jammer 4
Jammer &
70 |— — —Jammer15 |
Jammer 20 |
Jammer 25 | |

-30 -20 -10 0 10 20 30
Azimuth [deg]

b) AT Ao WFer FoA7F AAE A Hd
(b) Del pattern with null at jamming direction
J8 7. FAAAZIE 483 ey gk Hd
Fig. 7. Sum/del beam pattern using sidelobe canceller.

= A473% A s elnt. A Y(origin) /A AHE HH] A
AB7F F A2l Tkl EREFE A SR
I RS 8 F9 o A5 94 WEs} By
go = el g=po] AAA ek whet

)
A A8 NS BROE SA7 A4 B A

HOE 4% 82 og A5k 44 Auel g, A
A ] F2A7H A A 9 AFOE Ql3)
2eg2 oy A5 T8 438S 39 83 2ol Fal
ST 19 82 RRAANE Fgetel P4l Bl
2ol A5 19 s A A5 Wl 12 W
FELte] 24 WE Yol BB oY AF, 1Y

ofr

FHGMELE ] BAA AT A Al BB )= BA

Comparison of monopulse slope with SLC weighting

Estimation angle

origin

— & — Jammer 4°
Jammer 8°

~ = = Jammer 15~

Jammer 20°

Jammer 25°

E 05 0 05 :
Azimuth [deg]
(@ FHAA7 A& Al g5 BrdXx oy NS

(a) Monopulse error signal with SLC

Differnce of Monopulse slope with SLC weighting and Original

origin

© — Jammer 4
Jammer 8°

s — — —Jammer 15

EOSRPE08080, Jammer 207

i Jammer 25°

-0.5¢

Difference of angle error
o

15 : ‘ : : :
- 05 0 05 1
Azimuth [deg]
b) B4 o2 Aoz A3t & o Ao #F
(b) Normalized monopulse error signal according to jamming
direction

a2 8 RgAANE 489 wes oe A3
with S

Fig. 8. Monopulse error signal

>

o2 om fol
ok

L oR
2

rH fol ot

T oo >
ol . S o% fo N 10 N B

ol

o N

_,4
3
Mo
o
2o
o N o=

Lo
e
ofr
o)
38
=
(> B B

o

o

=

= o
oL o

349



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 32, no. 4, April. 2021.

1. AW Ae Weke] W2 ZxHA oy As #HAl
Table 1. Difference of monopulse error signal according to
jamming direction.

Jamming Difference of Maxirpum deyia.tion of
direction monopulse error |error signal within 3 dB
signal(@ Az 0°) beamwidth
4° 0.39° —1.03°@ Az 1.35°
8° —0.14° —0.3%9°@ Az 1.05°
15° 0.12° —0.18°@ Az —1.35°
20° 0.09° —0.13°@ Az —1.35°
25° 0.07° 0.09°@ Az 04°

Comparison of monopulse slope with error compensation
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Table 2. Difference of compensated monopulse error signal
according to jamming direction.

Jamming Sr(;z;p z?;z Compensate maximum deviation of

direction @ Az 0°) error signal within 3 dB beamwidth
4° 0.39°—0° —1.03°=>—0.0002 p°@ Az 1.35°
8° —0.14°>0° | —0.39°—>—0.0002 p°@ Az 1.05°
15° 0.12°—>0° | —0.18°>—0.0006 p°@ Az —1.35°
20° 0.09°—0° | —0.13°>—0.0002 p°@ Az —1.35°
25¢ 0.07°—0° 0.09°—0.0001p°@ Az 0.4°
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