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Design of L-Band-Phased Array Radar System for Space Situational Awareness
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Abstract

Continuous space development increases the occurrence probability of space hazards such as collapse of a satellite and collision
between a satellite and space debris. In Korea, a space surveillance network with optical system has been developed; however, the radar
technology for an independent space surveillance needs to be secured. Herein, an L-band phased array radar system for the detection
and tracking of space objects is proposed to provide a number of services including collision avoidance and the prediction of re-entry
events. With the mission analysis of space surveillance and the case analysis of foreign advanced radar systems, the radar parameters
are defined and designed. The proposed radar system is able to detect a debris having a diameter of 10 cm at a maximum distance
of 1,576 km. In addition, we confirmed the possibility of using the space surveillance mission for domestic satellites through the analysis
of the detection area.
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Table 1. Comparison of specification and performance for
abroad space surveillance radar.
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Table 3. Specification and performance of designed space
surveillance radar.

e A8
=& FIg 1.3 GHz
TRM A< +21: 16,000 7H, <F41: 40,000 7H
TRM &9 150 W
A ¢ 2,400 kW
Ant. Tx. gain 46.8 dB
Ant. Rx. gain 49.7 dB (Tapering Loss 1.2])
Pulse width 2 ms
Beam width 521091 °, 41 058 °
Al A& g¢4 4 dB, Beamshape 1.6 dB
= dlo]%& 05 dB, 71Et 0.5 dB
FeA T 3 dB
W 23 +45 ©
I?CXS] 173)32 5,301.65 km (7] SNR 12.56 dB)
" T ;1; gy [1576 km (75 SNR 1236 B, RCS 00078 )
( il;j ; 2 4,982 km (7]5 SNR 12.56 dB RCS 0.78 m?)




%41 1,316 kmE AW} S8k ANEAAGE 71EL
2 AT o] o) AA 7]FE SNRS B4 SHE(P)) 80
% 2 ARIE(P,,) 107 tigt 12.56 dBE A3
oh AAE gojtke] 2% RCS 1 m* 0| thal A&
A1 A7} F 5,301 kmZ Space Fence #|°]the} A9]
3t A5S 7™, AE 10 cm] $-F Al tha) 1,576
km7HA] §A7F 7Hs 7] wiEell Sl -8 F2l E S

4ol $73E A3 9% S0 sk

3 39A AtE R 0T ey B4 1L
d 63 2t St A S Al Hol glen,
TUE FHE AAE S50 E4S HaeS
At B3 dhve] TRM 29 150 WE 71F2% $4)
QrElLt el meE FA 2 Al W E 72 9
& e o5 2T £ FES =Y AT T
w Ago] e, o)& Y A¢ doltt ¥A A% &

S AsiMe A LI o ARk 7] )
ol olel e trade-off7t F 23}tk & 7} F441k|

o] H1Z-2 [0 oJstE wrEStE S AAETh ol w
2} £21 W Aok U= 16,000 71 9] QHEILV AR A H
o] 46.8 dBY] |} o] 5 9 0.91°9] WEE LT E A7
o, £ HAd 282 F 2400 kW= AA AT
FA Wt vE =2 s 2 dolt ¥R A5 &
HE 913h 40,000 7€) Fe} AbE -9 = o] Tapering
loss 222 A] 49.7 dB2] SHH|L} o] 5 H (.58 °9] W =ZS 7t
E5 AAEAT o] W QHE v Axte FWo s F

A

o

25m
23m

1m | 16.6m

23m 14.6m

oz 7xg

d8 6. Ak F-FAAE etk ey F4
Fig. 6. Antenna configuration of proposed space surveillance
radar.

$EEAE A% LBand ML olth A2g 47

- = Coverage for RCS 0.10000 m?
== Coverage for RCS 0.00785 m?
- = ARIRANG-3A (RCS 5.46 m?)
—ARIRANG-3 (RCS 5.28 m?)

- = ARIRANG-5 (RCS 3.50 m?)
——KSLV-1 RIB (RCS 3.01 m’)
——ARIRANG-2 (RCS 2.08 m?)

- - ARIRANG-1 (RCS 218 m?)

S/ N
3000 k\\ i’ ‘: % deg.

J8 7. Ak $FA eIk B Wl B4
Fig. 7. Coverage analysis of proposed space surveillance
radar.

=F AT 1.3 GHzol A 4.8 dBi) o] 5% 7t
] etk olgA AAE A u

ote|ube] A9 Wuld 2 FAF34 1.3 GHzol A ¢t

Elu &k 2F 244 05 AE A8 Al $4 sl tEl v of
14.6 m, A ¥R V= oF 23 m7t =, o FRE

< s 747 ok 276 m’ B 625 m’9] AVE AE
a9 78 AE $FEAH T 10 em 73 #4

(RCS 0.0078 m*)ol] & &= WS veplis, <) <l

TS 7ol m4ste] g4 W9 ol EAsk=A &

A3tk 1 A3 AF 10 em?] +F el 3t @A)
HE el =l 28 T AAE T 94 R &%

43 tiotdA S 24 A3t g

B ERolq Ao dolths $3g 9% S
918 dloltt 2 7AIE BER) 8] 18 63 2ol )
$ 2 b BARA0) Badt o delt A U
43 A o) 2 B LT W o AT w1
ol A w5 27k We] k. w0 F Zol7] 9
@ tlohar) AESL Bese, thest 2ol HeaA
g2 AN,

A, SNR 7]550l thh AE7F Qstth £ =il A
71ZE0 2 A e BAEE 80 % ¥ 2HEIE 10
71%5(SNR 12.56 dB) %40

%
S8 BT $FEA ) AR Ao $5E
Agl Ao B A Sl TPpHEE o 73S B

221



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 3, Mar. 2018.

shatl e FAMSE A3 ©&o] 7hgsith I¥ 82 A&
10 cm %5 SHH(RCS 0.0078 m*)ell thal] 715 SNR 12.56
dB % 8.00 dBoll thg HNEAAZE Hlawd 1ol
715 SNR 1256 dBol Wigh Hh=EA A= 1,576 kmSl
WA 715 SNR 8.00 dBol| th gt iR A= <F 2,000
kmZ oF 27 % g o) WHIE AA #4S ¢}

A T Ee v

F8A 3% W] o2 e
NEFA PHOTE SNR 4L AL & glek web
54 o[5S @ AETA YU o dolnt 45

AR, F3he 2 $A2E W) U AEs DL

F4E 4RAL AT SAF et o5 % WE
o thal QL BARAS 2 & Aok EH S5
2 FolW SNR 4] A At BARAS 24U 4 Aot
Jeu o) e RS} AR TG BAZ A
B2 A% P20 2780

sk 2 PHES B ¢

dolth 2 PAES BEFEA ol
Mg A 49T 5 Ak mebd @

-30

o
Z
o -40
[8)
14
50 F
60 —— SNR 12.56dB
—— SNR 8.00dB
~—RCS0.0078m?
70 ‘ ‘ ‘ ‘
0 500 1000 1500 2000 2500

Range(Km)

8 8. SNR 7|l whE HFA A vl
Fig. 8. Comparison of max. detection range according to
SNR.

222

Goit A Aol S92
sol A2 AHsts A7t

ofr
o)
o

el g
fo 2
=
e
ol
il
]
4
O%

V.

M
riu

2 =oMe A=
AAZ 2= A499 F=
Al 4 BA ot 8 FALS
A 53 2 e
O = Hojrk AA At
£ A ol 2A At
dyloltt el oz wE
o that A 4Al ZA7E 7L
B}HE 71F0 2 1,576 km7HA|
ok op g} glojth &4 W9 4

o
N
it
Y
1o
4
ic)
_‘_Ol
n g

o
o
RIS

ﬂllo &
olo
_0|L
N
Ho
=
o

-
_=

i

QL

H
o

jur)
-

[o e
1
ol
38
s
5
o
o

-\ lo
ol
U
o
X
ol
>

)
o

O.

_c‘)l_:

N ri
o o oX
ol
>,
o
o 12 = L ool N oYy

=,

o

A

i
rlo o
o

{0

N
)
rE
o,
|o
fu

olr
ol

i
A/

D)
ol
(=)
o
8

z N
o

Y

2

e

X

olr

QL

ofy &

it
o
of
%
=
Ho
oo

o
o
o
EN
o
oE
o
-0,

o 2
o

o oft
N
F
)
9‘_41

e

IS
n
o
2
o
fd
I

[-40
ol
Ao,
oX,
:‘_1‘
o
N

N

i

o

ol

ok

xe

1

%0,
_l
X
ofj
m
ol
=)
o
o
g )
021;1‘
o,

ko
-
>
>
oSt
¢
B
Ho
:OL_tl
>
uj

=
o
T

=y

o

l

o

e}

o

%0,

N

; =
o Mo rlr

oX o

o ool

o
iE fo fob O

=

0 o]:o o

I o
off
g
B!
B
N o
ot N
i yd
i
o
Ko
il
=
2_‘

References

[1] AAE, "s2vet $F2A71e 471 TS A
oA, =487 718 ¥ 7FI(KISTEP), Issue Paper
2012-05, pp. 3-37, 20124 5€.

2] AelF, AAE, 281, Fokg, T F44 8
ojtk Al2E] TS A% AR 2 AA 4, F
FF71%, 13(1), pp. 142-152, 20143 7.

[3] J. A. Haimerl, G. P. Fonder, "Space fence system over-
view," in Proceedings of the Advanced Maui Optical and
Space Surveillance Technology Conference, Redhook, NY,
Sep. 2015.

[4] J. Utzmann, A. Wagner, G. Blanchet, F. Assémat, S.
Vial, and B. Dehecq, et al., "Architectural design for a

European SST system," in 6th European Conference on



Space Debris, Darmstadt, Apr. 2013.

[5] E. J. Choi, S. Cho, J. H. Jo, J. H. Park, T. Chung, and
J. Park, et al., "Performance analysis of sensor systems
for space situational awarness," Journal of Astronomy
and Space Sciences, vol. 34, no. 4, pp. 303-313, Dec.
2017.

[6] H. Krag, H. Klinkrad, T. Flohrer, E. Fletcher, and N.
Bobrinsky, "The European space surveillance system -
required performance and design concepts," in Proceed-
ings of the 8th US/Russian Space Surveillance Work-
shop, Space Surveillance Detecting and Tracking Innova-
tion, Maui, Hawaii, Apr. 2010.

[7] H. Krag, T. Flohrer, K. Merz, B. B. Virgili, and H.
Klinkrad, "Requirements for a LEO surveillance radar in
response to collision avoidance user needs," in Proceed-

ings of Ist European Space Surveillance Conference,
Madrid, Jun. 2011.

o]

ofN
["_9{.',

19979 2Y: Fatoy sty Azt (3-8

AP

19999 29 338 7|eYd AR}
(FAA

2005 2€: g=Aetrle AAbeetat
(F5HHAY

2005 39 ~3A: LIGY 29 A A=A

$FZAZ 918 LBand G0l A28 A

[8] Y. Taromaru, C. Hirose, S. Mori, M. Horii, Y. Yama-
moto, and S. Aoki, et al., "Observation of space debris
by the Kamisaibara radar system," in Proceedings of the
4th European Conference on Space Debris, Apr. 2005,
pp. 18-20.

[9] K. Isoda, T. Sakamoto, and T. Sato, "Effective echo de-
tection and accurate orbit estimation algorithm for space
debris radar," IEICE Transactions on Communications,
vol. 91, no. 3, pp. 887-895, 2008.

[10] H. Wilden, C. Kirchner, O. Peters, N. Ben Bekhti, A.
Brenner, and T. Eversberg, "GESTRA - A phased-array
based surveillance and tracking radar for space situa-
tional awareness," in 2016 IEEE International Sympo-
sium on Phased Array Systems and Technology(PAST),
Waltham, MA, 2016, pp. 1-5.

[11] E. Byron, Radar Principles, Technology, Application,
Prentice Hall, New Jeresy, 1993.

4 & A
1997+ 24: At HEh 7] 7stad
(eIsHAh
1999 29: AN AL AE--F3ph(o]
s4Ah
2010 29: M SFaL FE-5-5 8 (©]
shatAh)
20001429 ~2005 19: =72
M(_Zr) _411—
20051 4€~2012'd 10€: AEZolo|(F) AYA+<
20129 11~ A A A7 $FAGAAAE A9
T4
[F O] $FEAAEEY, $FATEEA, $FAAA
Al, 5 ol

223



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 3, Mar. 2018.

Ma
e
Ho

20079 29: AME L A7) AR e
(34 Ah
20169 29: dAAsty A7) AL

(Ferph

& 2 3
. 20143 39 ~3AA): LIG 92 AR
(5 TAEof goltt i, v,

qilg= RN ol
Saad 299

2009 2€: Aty A7) Abet )
(T2

2011 29 MEdSty A71d%
(F4Ah

20113 29 ~3A: LIG 929 7Al
ArAlE AdA+d

(7 ZAZOH dolnt AsEA/AA LA

5}

ol
ol

t

ta

s

ox

199043 29: AA )&
B

1995 64: Auburn University &35
3tk (84 Ah

19994 64: Auburn University &35
BE N L)

20001 59 ~2004'd 9 S AAEAA

2
=
Sl
N
ox
o
)
~_~~
-9,

79 4997
20044 109~ @A) FFARATY $FAFRAME 3L

224

1986 29: AT etw HE7|AFsks} (o
BE))

19883 29: AA sty ALY 738t
(eIsH4 A

19939 8. AMusy HAE) 7 et}

1991 98 ~&A: A=HEATH
|

O =
oz
H A1y

[F 2 20H F=AFACES, deolth

19863 29: AMthste A E7)4sta (o
kA

19881 29: AMTiE o) 7|78k
(e84 Ah)

20029 8€: Auburn University 3353

i’ 83} (&3

\ 20059 11E~8A: FHEATY 5
AFAAAE HdA+d

[ ZHAE0H A=, GNSS, $F7A1, $F7HA1d ot}



