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SIEMEHTII0| JHSH 1Tl B0|X =8 A|AE(satellite laser ranging, SLR)2 XIAOIA ST}
HA Y0NS URIOIH RFEHE FHok= HE JHOIM H|OIK0 2sh MK LI=EX| R== At
Toi| 0IZ ER[old, 20X YFS SXIAF = A SHOZ HIJA| ZA| 20]H AIARE HE SLR Al
ARIO| JHLSIUCE JHLSH HIRYA| ZA| 20| AJARES TIRIHTHA(X-band) 2[0|E= SLR AJARIO] X|
Stoh= B30 210]Q FIk(radio frequency, RF) ZA AMSE &M 25K RHS(radar hardware
subsystem)2t SLR 2FAIAEIL QIHHO0|AS RX[GIHA RHSZRE 255 RF HA MSE HIgR
2 H[3HN| HE 65 T 2 0| RIS SXIAZ = MCS(main control subsystem)i AMBIALC,
& ==0IM= HIgA| ZA| 20| AABS F45H= RHS2E MCS &A Lig2 713511, SLR 23AIA
2ol QIEHOIA H 2& ALZQE MAIBICE JHAE HIRK| ZA| 20]H AARR 57|15 0188t

AT Aeis Sl HIA 22 3 20N SX| S E UMol= AS 201610 HEoIA.
Abstract

Korea Astronomy and Space Science Institute (KASI) developed an satellite laser ranging (SLR) system for
tracking space objects using ultra—pulsed lasers. For the safe operation of SLR system, aircraft surveillance
radar system (ASRS) was developed to prevent human damage from high power laser transmitted from
the SLR system. The ASRS consists of the radar hardware subsystem (RHS) and main control subsystem
(MCS), in order to detect flying objects in the direction of laser propagation and then stop immediately the
laser transmission. The RHS transmits the radio frequency (RF) pulse signals and receives the returned
signals, while the MCS analyzes the characteristics of received signals and distinguishes the existence of
flying objects. If the flying objects are determined to be existed, the MCS sends the command signal to
the laser controller in SLR system to pause the laser firing. In this study, we address the interface and
operational scenarios of ASRS, including the design of RHS and MCS. It was demonstrated in the aircraft
experiments that the ASRS could detect an aircraft and then stop transmitting high power laser

successfully.
o] : AB HolA 2HNAT, SFBA 24 AL, HBA AA Folg

Keywords : satellite laser ranging, space object tracking system, aircraft surveillance
radar
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1. NE

SLR(satellite laser ranging) A28 SFEAS qAFOE ZAA Ho|AE ERlste] A
Ao wRE BA7MA|9 AE FIUsH SAsH= AlLHEelH o714, S A= AFA
I SFAY7|E EZodstH APgolA A HlolHE Alsshe AlAEl S SLR AlAEE A&
sk 7HE 4dst A 54 dHlolHE ARESH o] Holel= FA17]++ [LRS(nternational
Laser Ranging Service)oll Al Z=]o] SA|gh, A+ e}, 554 AdHAE 274 5 ohdgt
A+ dlole 2 E85 1L QIeH1-3]

SIR A|AELS o83t 524 242 AVolA LRI oo o8] 57 ZFAL
UAA = FAQL Al A, A AW ToE QIgE QI A= o]ojd 4= QUHH4,5].
WbA, SLR AJARRE FlofA] Il Jego] HIgA] EA] 55 XSk A& Al AR
gloA xS FAXHOZH FolA WX F FolA o] 25t H|PA| QFAS S sof gt
o714, HIPA= FB71E ZLS 3500 doltt= ZE EAIE dob dzlgdteld, 3
Sfold, Aztolrol, Ajd| 5 glofAo] s Hsfi7t WA 4= Qe BE A QulRitt

ol2fgt EAIE WAISH] sl A AAl SLR AlAEloA = BIA]| SHdS SEshr] gt ot
GBS ARSSITE. A7) DRSO B v HE W2 35 it ¢ BUE
£ B9 Adoks W, AsTEAAAAE WE(automatic dependent  surveillance-
broadcast, ADS-B) <=4l Hlo[ElE &3l 4l¥sk= 91, 35 w8 HA(air traffic control,
ATC) 54l Hlo8 & Fofl AHst= 4, A9 (infrared ray, [R) 7HI2hE &3 A8 24,
F=A}9] 8to g 3RIsh= W 5o StHel. 1 F B2 SLR AlAgo|A] &8st A=
HIPBA HE T2 oy AIAERE of&sto] BIgA|9] Qbde ShH st otk FlolH
= U AARRE ] HJHE ogsto] ATt Flo|A At Ao E HigoR syZoR
glo]#] Aof7} 7Rsshar, W2 FARIE B AF Y=t == o] Qlof SIR AlAE]
A o] Z-&Ea1 QUeH7 8.

2 =olA= A% SLR AAFS] HIgA] ZHA] ol AL -8 7iE 2 A|AF] AA
sl 71sshal, F71E S8 A5 AT R X3 Wk v|gA FEAS 9 Flo]A] A

N5g elalo] A2EE AT

2. HZ HIAX ZA| ZHOIC AAH” WL

H|ZA] ZHA] Floe] AlARRZ SLR AIAES] FlolA 1] X 2k HIPAIE FAAIskL 4
Zolo] ZH9H0RE oA XS P &&= ol&drh Fig. 10K Hi Hjel Zo
RF(radio frequency) 4% £& % $41 QY AR HsH RHSGadar hardware
subsystem)?} RHS 4125 HIEF O & H|PH| HE off-E wdstal Flo]x] Xpa A5 WA
Al7]&= MCS(main control subsystem)® T4 CE SLR SGAIARL Flo]#] 1] 29k2] vk
ofl H|¥A| AAE el MCS=Z @A AFFolal Q= AF AX (T2 H 1&7hE HE3het
MCS= SIR ZFAIAEH QIEHo]AE Fdf AET-2 A|3F YIXE RHSZ AEskaL, RHS

© ZA Alo71E S8 SIR 2FAILEC] APl e AAE AR R FTISRRIH.

—
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Fig. 1. System configuration of ASRS. RHS, radar hardware subsystem; MCS, main control

subsystem; SLR, satellite laser ranging; ASRS, aircraft surveillance radar system.

Y FEiz 52 ZUEPRIT 2=, RHS2RE AN RF & 4low $41700 25
HESH7 A EAL MCSell 2Jsf vfA] 75 A4 o= A=l of=et Ao 3 Zxd
WS A= agE ARE HeUe] FIA BEP I A5 Aolof of3f AlARIC. H|IA| 2H
P2 Fa AEH0.2-40 km)oll T HhSute] G5 A7) mE P 2uista, I
Aotz wESTe] £ gk 34le ol8et EHIE ouiRitt. ot WEPE F3f STt
HPA = AEEE MCSe #olA A 4128 oA Alagler Adsto] Fo|A 1l A
TYFoEH, BIPA| R FolA Ro] WXE T dE Aol AARIT

mlo

3. HIZHA| ZA| 20]E AJAE AA
3.1 HISA| ZA| H0|E AIAE QIE{HOIA U SBAILLE|R

SLR YA LE2 HA] A lolH AlAdo] A[Fslof ke AR AR} Tof wE 4
Al A AR " AILE ol 75 52 Tt 283HoF I +FEAlE FAtAL Sle
HxIe} BlPA] A Flole Al2go] AFHlal = HXV} 152 ol Zfo|7} WAYSHA L Al
2Fo]] ZAZE AR %ol FolA B B 29 2 T ft Aol 8
TH AHHCIAS S 4L FEE HolEes A Xl°<} HAE E718ks17] A%t A
glofeet FRAPEE Sfob] At AdH HlolHRE skt oSt QoA 2
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A2 HlolE 1t FEUA @ A[7F 1A 5718 St Al&et Holy Alg aLEstoiof g
t}. o]F #I3fl SLR AJAE MCS Afelof] 91%] tofg] AlolEa} 4] Holg AolE= 242t
Tdsto] = dlolE ol tiet IS 7IAA BeF IS, QI o] A9 Theet 4
4 1&9] gloJelE Algsl7] 9o AlF Y -S4l Ao & Adsteict. HIgA A gl Al
289] Q13| dlolE] QIEjH|o] A& RS-232 I2EZS HFFOE 1 50 ms 7|2 SLR 29
Al2]of 57600-8-N-1 A o= 91#] Hlo|HE f74stal, 1] iRt SE2= ez fiA]
AR 1635 S YeRE 3719] okA7](ASCI) £4F, I=7t YA FH 1635 3hS YEr
U= 370 ofA7] 24 28AIUE Q0] e *FRE JH 16315 g2 UEdl= 1719
ofA7| Exe} EXFo] 228 9u|sl= &7 AHAKcarriage return, CR) Hlo|E|2 A5}
At A dolels BIgA ZA] FlolH AARIS] RHSeF MCSS AH] AHEE Hxo] 8%
glo] 115200-8-N-1 A2 SIR 2JAAF R F7]2H 07 HESlct A dlolHe o
W BACE oy A7k 1A, A, &9 AHl, RF $& o, $5417] & AH,
UH 25, A5 D A FE7F ZbEch

SIR - GAIAE T} B]gA] A ol AIARE upAE-SEo]|H WA S HR o & BIHA|
A Floe] AA-S] LEAUE| Q5 AASHoF St TSE, H|HA| ] FlolH A|AERE #
oA AIARLE AAA O & Alofd 4= Qlojof 5, wpAE| o] oSk A|ofE &= Qlojof it
o|fgt ntAE-&Ho| B Ao WhE BE&H S ol HIA| Al FlolH A|AFR Fig.
20} o] 2719] &= A S,

FEHEE FH|EES FARER FLRET, QIEHO|AE B3l SIR *FAAHTS] b
O[] A& A2 2EHE T FHIEER JUFS 1 S of7|A, FH|REE AAH]
Z713}, A7, st=glo] 715 Aol WA R SRS WE ofnlstH, BIgA Al
glole AlAglo] A AR uff AFs o2 RYgtth FAR = S5 M E(manual mode), T
7] HE=(slave-standby mode), 54 H =(slave-transmit mode)Z 7JE L} 5 HE= A
28 HA, AL BE H HAES 9o AMBEE 71522 SIR SFALHCERE HE
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Fig. 2. Operational scenarios of ASRS. SLR, satellite laser ranging; ASRS, aircraft surveillance

radar system.
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3.2 RHS(Radar Hardware Subsystem) A4|

RHSZ HIGA A glold sStEgol® 4 AMBEAARCR MCSERE A3 A5
41 of QEURE: glo]A] ¥ WRFo® Z|jFelal, RF HA 4S5 $54l6te] MCSE &4l

Sk A EA|AH”o]H Fig. 33t o] RHS= FA Sty & Flols, HA Alo)7], #loly &<
A17], glolg Ao} ®=(radar control board, RCB)E FAJETH

QFE U= 2lolA o] A&Fsh= £78 Wikl HUE "] mhizol
TIPS B4 2= oEhEe vk REEY FEE o)A X kS SHoE 1F
Y g9 RF EA& AT E FAEAPE & ARRET, FoluE olE oF SHoERH
Ho5k= 858 ARET

B A7l B9 3 7 25 722 AE EE(servo moton)E ©l85t] A
Alofdttt. SIR AA”Y} AFARE F718Fcto] HIFAE BUEHSH| A= aL=isfoF
o Aol ek A WA= A7F 3kl HPAE AEKH R 5‘4‘51%1%_} T UEE HAS|oF
gt 2A Alo7]s 2 Al H FEER, HE 5 U #E0 R /5=t olE Al
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Fig. 3. System configuration of RHS. RHS, radar hardware subsystem; RCB, radar control
board.
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317] A%t AlelEe] HEFA]I 3o Qfsf AlARle] Y= 7AME & Ho F RiAE A
F AAE AlRtst AlAEE EodljoR jitt. d=So] 7% 0k olst= W7 = wd
A AA FolE AlARIS] FRET $E0] FHE7] giEe] 280 At Fol dABoF €

o ofSfet FEES st oSS Aol ot dolg Alols &4 WA B A5Hd
B3P HE2 A8 €HHGlipring)S 2-83st0] FHe]Ao] 7RssheS S, eSS &

= RE A3) -500 29l(limit) 29A]E A5 o] %HE AA s HA IS

gloje $4l7] BEL F4 Fo 941 GHz, $41 8 4 kW, A £ 1 4sE 2k
ARQF A HE 3 MHz, F=414= 3 dBE 2= 4& FA(JROAM] s Hlojt] &
st Flole S417] " BAAA07E Alofskal MCSete] Alojile s A& —’F— ‘il
+ RCB& H&= AA6I3irh RCB= RHSY 715 Aol & A 7153 MCSeH] QlE|Ho]
A5 FASke B4 BES HAEN RCBe & Floly $747] BE=R $AIsH] #1382
ol trigger A% A4, $AIFOA = Video ATEHOFE ofdZ 1 HQY FEE A5t
AAE HUE Y SEE AMGEY, BAA0)7|=RE ezt 9 =7t BB Alo] 41T, limit
A%, BEol3 AY, RF BUE TS QI ‘H’%. E3H RHSSF MCS QIE|Ho|A Hghg &=
7] Ygt RS-232, RS-422, RS-485 T2 EZ-S A|sict.

rl
o opx

3.3 MCS(Main Control Subsystem) 44|

MCSE SLR @A AT} RSH 7Ho] QIE|Ho]A W Alo] A5 AL =85, RHSEEE
SA1E RF B4 ASE EA6l0] B4 A& of-5 wdsta, oA At 4SS A/dsto]
#o]A AlaHoz Adsl= AHAAEo|L) SIR SFAAH O ZRE L9t 2§ A9}
RHSZXHE] $2418F QFU] 2|3F A5 o|-&5to] ZEresidualls AFstaL, A% 1+9] A%k
{27} = (threshold)}& Hlojud lo|#] AHAlSE WAYsk= o] F8 750tk

Fig. 40 MCS T=5 YERHIL 9loH, MCSE SLR &FAIAH QIEHo]AE 0|85
A A HAE AL, AE ZEE Aofshr] fIRt AFAA JEE RHSE AR
BAlol @A RSH7F AFstal Sl HRI9t Zlﬁﬁﬁolt Sk QXS AAIZE Hlsta, old

SFA7|2RE Z53 RF A2 H|PA] A& Wt s AAls5in o714, 78 18

ok B e el 2 ol WAo% 298 Aol it Aol £5 ke el

AL ) bR R, 34 2 g 7k BE ghe ol 85k ol 1
§ BY ¢S U2 452 T4 GO WA 4% RS BHsks YAoln, 7k B
ghe vl Aol B A159) 7k Tste] 1A P of5E Weksi WAtk
T B ghe b 2 gk ) ol B AR L 7o) 7k Aol glout 1A
£e ke A7 olgn @ ARZo] olAlt wilo] A oleid BEe Bt
T SR WAo] 7k B ke ol8%t BA @2 HAeltHIoL

MCSellA 7hd 25 3 Z-8ol= 94 Fdsk] fJa e AlRE Alof(sensitivity time
control, STO)2} 274 27 2-&(constant false alarm rate, CFAR) ¥ &]&-S #-23lo] &
SHTh STC 2aEE $4 19 A€ 5 7Pk 7Agoie w2 29 @2 ARSSIL, ol
A Feiz A w5o] | AR W2 29 ¢ ARSshe Ao, CFAR dalgls

U7 FFo2RE @ JHES AHSH| FAIsks HAleld. v = HEEn & 4%

o
2 724 4% Aue Buehd 49 A5S H9A 92 AsE Qlsle] oARsl By
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Fig. 4. System configuration of MCS. MCS, main control subsystem: RHS, radar hardware

subsystem; SLR, satellite laser ranging.

StA ok wEhA, As JHE YA Alcel)= FHESHe] AEHIAL 5= A JHF9] =

H A4S AI71E Tt o] 4129 AI7|E 329 SAAE Agsto] Al HEstA} sh=
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HZo] Q7lEl vt e AT E 44 Yz ZE35}o] FPGA(field programmable gate array)
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Fig. 5. Aircraft detection diagram. RHS, radar hardware subsystem; LPF, low pass filter, ADC,

analog to digital converter; AMP, amplifier.
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Fig. 6. Aircraft detection method.
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5. 4=

A% SLR AIARE 913t BIgA] ZHA] Flole] AJAELS SLR AIARIS] Flo]A| gk ek
HPAE HESto] #lolA] Tl kS Fof HIFA|Q] eHadE SEsty] i L= ek H]
YA A Flole] AIARRE AoPE]Ql RHSF AUdH]Rl MCSE Hato] AAsH o,
28 AyE| oo et S8E=E /L5t RHSE SLR A|ARIS] X|&F Befat 5715k of
RF "4 A5 5 $A5I ¥R A5 F&sto] MCSE sk A8 33tk MCS
£ RF B4 A5 E vgos HgA| HE RS ddold, ol A HE Wi 7H
e 2 1S o] g3lo] st HEH oz dy Folge] vy HAE A5S Al
57t e BgA 2719] v A=) FEUE At RF A AeE S4lsto] 254
O = B A HE 4S9} BAlol glofA Abd 4157 HAskE A ERIsk3ich BIHA|
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