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Dual Band Multi-Functional Radar System to Improve Tracking Accuracy for
Sea Skimming and High-Maneuvering Targets
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Abstract

Sea skimming and high-maneuverability anti-ship cruise missiles have been designed to evade the surveillance and tracking of
maritime multi-functional radar (MFR), resulting in difficulties in radar target tracking. Sea skimming and high maneuvering cause two
problems: distortion of the estimated elevation angles by multi-path echoes and overload of radar beam resources by precise tracking
tasks. Recently, a dual-band MFR has been developed for state-of-the-art battleships. In this study, a dual-band MFR system is used
to improve the tracking accuracy of sea skimming and high-maneuvering targets. In particular, the fusion and allocation of dual-band
MFR echoes to address the problems caused by multi-path echoes and heavy precision tracking tasks can lead to improved tracking
accuracy. The simulation results revealed that our proposed method is capable of performing successful tracking of sea skimming and
high-maneuvering targets in a dual-band MFR system.
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1. 0342 28 HsE
Table 1. Parameters for multipath modeling.

Effective earth radius a 6,500 km
Temperature of sea surface 25T
Salinity 50 %
Complex dielectric constant & 63.97+56.081 V/m
Roughness factor % 0.05
Scattering coefficient of rough coefficient o, 0.8209

2. SS9 MFR A28 HSFE
Table 2. Parameters for S-band MFR system.

Carrier frequency f, 3 GHz Wave length A, | 0.1 m

Beam width 4.09°

Effective aperture area 49 m’

Thermal noise power |4 x 10~ '® W| Transmit power |50 kW

649



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 35, no. 8, August. 2024.

£ =dMe ded Ak 2 a)F 548 7k
EH] 34 FIEE PFatr] 918t olFHd(ie. S-
e, X-t1%) MFR A|2"& 83t} o, MFRE &
ed2 A7) HAE B A 2F HR(ie, 72, $94,
IZhE 4% ¥, &743 27 ZE(extended Kalman
filter)& &85t 33 FHH(e, [X ¥, Z)E FHE F
Atk A71AM, Z 3> A 24 IEE v|ein, 1k 77}
A JdARET o vIE 1/)F, wod g4d
A 7150 R A 524 vy 545 Add F k. o
71M, 44 dAZE & 19 ZUAA gFAR WA A
S7F 9 662 % o1’ ARMALE oA APAR 1A
VIS = T U LEE ZHH, A 0133 kmE F
AEHIE 6). Tk al v AAEA A xH 0] 7]F
3 3 A g

0] 1A = - =2 = ,
2% 93 BF WAL B0 A 220 B B
o Aurgel &

=]

~

"
T

Reflection [%o]

X133
Y 0.661959

=]

@

@
T

=]
@
&

=1
@
B

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Altitude [m]

a8 6. 2ol whE s whAL
Fig. 6. Reflection at sea-surface along altitude.

650

Z < altitude threshold

Target state measurement A
P sea skimming

x= (Distance, Elevation, Azimuth)

1 Calculate the elevation Equation
Extended Kalman filter D(¢) with Dual-band
estimate target altitude Z Z > altitude threshold
| » high maneuvering
Comparison Dual-band beam cross
target Z and altitude threshold assignment

A 7. AE olFUY F4 digFe] 7%

Fig. 7. Framework of proposed dual-band tracking algorithm.
_[agz]ay?

T e Pk

_ 2lol(cos(ag) —cos (@) A 4 (9) A ire (0)
2 | p| (COS(QS) 7COS<a/X>) Zdired<¢) Zindima‘ (9)

_ Adirec/ (¢)

Aindirect(g) _
Zdire:t(¢) —D(go)](ﬁ),

Zina’irect(a) (14)

A , A

| g2 R | o 2Re =

o s x
2

IR PSVA
Adired (¢) Zindirea‘(e) + Az’ndi’rect(g) Zdired (¢)
2 Zdirect (¢) Zindim){t (6)

D(p) +1(6)
2 (15)

q71M, £ B Aqe 47 S ReEA ¢ AT
! 2~

:
A NEOT £, B Ay 4% XA ge Brus

4r 4r
thoag= TR ax= 713201111,
S X

o
NN 4 R A A7 SOl S 9 oo s,
]_

ka9

59 3 AFo

=

ot
o

—‘:‘—‘L-“l = Xé]
A, 10)E GEAZ TS WANFR e WA
Aolth, o2 Dig)ol tate] 73, 7,2 Aelshd &
FHOR A (163 2L APAR 17 o2 AR F
7] 1% Wl HejEr.

=

D(?’) - T2+ (T2)2* TI' (16)
o2 IXEAM A o] WIFT e, Z
20133 km), 371§ F49] F4 doj&s w57 938
of o]Fid F4 ¥e XA P o= 3 T o
o] Ao 4 W& A F U dFE Fdee



:<I)l=4
=)
2
Rl
ki
e
R
N
oft
=5

X-beam] «———> X—be;q X-be:

Tracking update period

‘X—bea#% ‘ S—beam‘ ‘X—bean# ‘ S—beam‘ ‘X-bea.l:#

> Time

288 o1FUY FH W 2 8Y A4
Fig. 8. Example of dual-band tracking beam cross allocation.

Fol, riA] F55 o] o] EAo) F4 W 2}
L Aol §). o) MFRe] Tk AP ES 44
she 9ol 315 EAS 24 ol MoluhA
& 4 9t 2oz, v ge oy eea o
* 9

o SHAE Hoh Bol FHFCRN JV|F X
(e}

v
o
re
o
rir
U_Lz
e
_—
o & g Oy
Lo e T
oot 2
o D B
o
fu
i
g
02
QL

e
EY)
X

L=, Xt g2 sl
A7)l 2§ =7t 5
715 ®40) ARk % 9l
q]oﬂ ) )\]-qq o7 7

3

o
o
fru
A

uE
R
2
o
~
>,
5‘.:
i}
wot L

o
N
N
iy
4
%o -
A

m o [o 3.3‘

o l.gj fu

o J‘T—_x“
o
x
s
=

19
o
au
ne
=

Ao 4

ARTH ke o

rir o
N

ol
o
=

. AlZ2fold 21t

=

w AollM= At o]F S MFR 7]
F& 71E T9UU Y MRR 719 54 ¢
o A7IA, At daEE
El_

il
Rl

i)
2
Mope

o

i

Fr off oX |

o b
: 1
kool = o

oo W

i ol

Zz0.
ARSI, 71 71

g
o
>
£

>~
>

=
S f
o o
% g
ko
i

o

Hod & oo N b RN

N>
2
N
X
_lﬂ X‘E
>
A
)
ko
1o
)
ol\
o
fiu
g o
e,
o
rE
9 3R
Eo— o® )y Ob oft M1 oot

% rir

¢
=
19
5
>,
>
o,
g
N
rir
El
\_l\)
s
=
12
=
>,
=y

35 AHE FHL AD IFUY )y dolrk A2y B

2 000& Vertical velocity
. 100 m/s 100 m/s
] VAN
g Threat

2 s Multipath at sea level 1501t
= o : A

02— l3it i l()ms

0O .fiﬁ """"""""" horlzontal velocny_ Wﬂ

1 2 .43 0

X [km]

(@) 3 WA A

(a) The 1st scenario

Fighter horizontal velocity : Mach 1 (Fighter)

Missile horizontal velocity : Mach 2
’

Vertical velocity
50 m/s

Missile launch i? the air

5000 |

Z [km]

2,000ft
(Missile) |

=t

= TS r o
FR 0 80~ ~ 80" 100 120 140 160 0

Multipath at sea level X [km]

(b) = HA AL
(b) The 2nd scenario
8 9. At 7S AFs] 93 A AL oA
Fig. 9. Example of engagement scenario to verify the pro-
posed method.

H 3. XY MFR A2 HFE
Table 3. Parameters for X-band MFR system.

Carrier frequency f, 9 GHz |Wave length A.]0.033 m

Beam width 1.36°

Effective aperture area | 0.98 m

Thermal noise power | 6x10~"7 W | Transmit power | 5 kW

FE F 33 2o, 1 ft=0.3048 m, 7}3} 1=340 m/so]t}.

41 X HM AlLI2|2 Alggojd 23t

a9 9@l A WA Ave LA Ak olF
MFR 7]8 24 2u2)5e 2 doje) 34 W 1% 5
N2 el 1A ZAST, G4 2% LHE BE

1%

WA, ¢ 10(a)b £ 2 4 A4S HofFw,
T Ew AP e A 14 AR7h 572 UE
ok 71E 72 sl AR Vg 7l o

651



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 35, no. 8, August. 2024.

0.

0.

Z (km]

-0

0

")

Elevation error [deg.]

J8 0.

Fig.

652

10.

Elevation [deg.]

— Conventional method 1
(constant velocity model)

Conventional method 2
(acceleration model)

4 -

Proposed method

2

2
4 50
67—
0 10 20 30 40 50 s O Ylkm)
X [km]
(@) F49 %4 A%
(a) Estimated coordinates of target
05 -
Conventional method 1
04F (constant velocity model)
L Conventional method 2
03 (acceleration model)
02Ff Proposed method

Time [s]

b) #4924 374

(b) Estimated elevation angle of target

025

Conventional method 1
(constant velocity model)

Conventional method 2

02 (acceleration model)
Proposed method
o Mean Std
0.1 0.040 0.033
0.035 0.031
0.05 0.012 0.011

WA LA
i'W N "w,‘"“\‘\.\ AMANAASY A
50 60 70 80

30 . 40
Time [s]
© F49 £4 274 23
(c) Error of estimated elevation angle
18 9@ A A AL x4 F24 AlEd
ol A
Simulation results for target tracking at the Ist
scenario in Fig. 9(a).

N

o do
|o
o
[
o
=
=
HE |
[
o

fo & kI M

=

27t

)
lo I
X
Iy
gy
rlu g
k2
NN
o &
24 g
= o
:(.D -
ofrl 2
Y
g
N e R =7
< of
N of%
iz o B
=

N
o,
=L
ko
pY
=)
=
<}
NS
Ip
!
i)
)
rE
@ !
N
ok
o

00358 7HA= 71 7Y 3 g, Alqke ¢
0.012°¢] ¢t QAR Hup P2 Q1 F4o] 7}
, 7 9AF REUAE 0011°% Bk g A0

|
= i
o = -
As AU 5 A

of

2 X

fuoofr koo rfv rlr R
Kot

1E 9b)el F WA Al LM = A WA AuE] L
Algdeldst 2e, Ak o]F TS MFR 719t 54 <
;‘<

2l
S 05% 712 A

WA, I8 1@ A 349 d% 54 435 HoE
o} olu, 7|& 71 ST AL 7)1 A Als
a7 34 QAR Qs F4 R ZoA sF o] Hlo
upgl o] Assloit. whde, Aty Gy ES AL
71F R Al ALE 7)E PN A A4S J5A

o7 7 ,
AtE dyeEF> TFAAE o 0.021°F 17t APt
YA O E FolEE A AT & Atk 18, A
WA Alug] 2ol vste] Bo §4¢ 715 A& A
T WA AU A T 71E 71 A7 QA et
= 0.075° 2 0.068°91 wHA, Atd dyEHE
0.023°9] 77 QA7 FHE FH & Utk



Fig.

SE,
=5
)
o,

2
R
b
fd
N
offt

Conventional method 1
(constant velocity model)

Conventional method 2
(acceleration model)

Proposed method

\l\
“- {Threshold 2133 m

8+ /
T T T T —— 100
0 60

T
20 40 80 100 120 140 1
X k) 600 Y [km)

(@) F4€ 24 2=

(a) Estimated coordinates of target

Conventional method 1
(constant velocity model)

Conventional method 2
(acceleration model)

-
q

Proposed method

Elevation [deg.]

o
o

50 100

150 200 250 300 350 400 450 500
Time [s]

g4 27

(b 74

(b) Estimated elevation angle of target

28 Conventional method 1
(constant velocity model)

— 2 Conventional method 2
o (acceleration model)
ﬁ Proposed method
H15
5 Mean Std
g |
= ).075 0.113
<
5 0.068 0.110
=05 F
= 0.021 0.023

. I -

0 50 100 150 200 250 300 350 400 450 500
Time [s]
© 48 £ 1% 07
(c) Error of estimated elevation angle
1. 28 )9l F WA Auele 57 3 Als
glold A3

11. Simulation results for target tracking at the 2nd

scenario in Fig. 9(b).
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