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Development of Operation System for Satellite Laser Ranging
on Geochang Station
Ki-Pyoung Sung’, Hyung-Chul Lim, Man-Soo Choi, Sung-Yeol Yu

Korea Astronomy and Space Science Institute, Daejeon 34055, Korea
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H|w ML,

J2A7 T 2 AAHS 0125l

MIA SLR 2540 He|2d SEEE

I=A

Abstract

Korea Astronomy and Space Science Institute (KASI) developed the Geochang satellite laser ranging (SLR)
system for the scientific research on the space geodesy as well as for the national space missions including
precise orbit determination and space surveillance. The operation system was developed based on the
server—client communication structure, which controls the SLR subsystems, provides manual and
automatic observation modes based on the observation algorithm, generates the range data between
satellites and SLR stations, and carry out the post—processing to remove noises. In this study, we analyzed
the requirements of operation system, and presented the development environments, the software
structure and the observation algorithm, for the server—client communications. We also obtained laser
ranging data for the ground target and the space geodetic satellite, and then analyzed the ranging precision
between the Geochang SLR station and the International Laser Ranging Service (ILRS) network stations,

in order to verify the operation system.

Aol AT HolA 24 AAH, A% thEH B=4, SLR(satellite laser ranging) 29
£EEgo]
Keywords: satellite laser ranging system, Geochang Multiple Function Observatory,
satellite laser ranging (SLR) operation software
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AT HolA FZ(satellite laser ranging, SLR) AL A7 AEE £35]5k1 A= <l
93 5 @loIA B (laser retro-reflector array, LRA)O] A2HE Q159142 He= 1|
2] &% A= FX CPFconsolidated prediction format) T+ TLE(two line element)S
ol-gsto] AFolA AF7HAY A=E AEHE(em) +E0& st Sste Ala
gojtt. Aol A Sxetut HA oA TAF AR IE-91/e] 2 LRAZHFE] HhALE
o] EZok #o|A9] =2k A7RS S75te] HIPAH ime of flight, TORE AWt o5
HIO 2 2ol A RIZ7IA] 9] A—E Ak&sh= Aot

AF9 A= HolEE Alsshe AlAE S SLR AIAERE AEske= 7P At A
7 HlolElE ILRS =A7]ol Algste] A AAR wjazstar flom, o= A5 Fd
A= 2%, 5 SA, AT ALk, 7|12 =25t & ARt AT dlolH 2 &85 Qlok EIL
SIR AJAERE A Axo] U= AT TS A58 B I A5 AlLH(global
navigation satellite system)2] $x]2} A= AS U Bz ARSEHCH2].

=HolMe Fe e/ d 25(STSAT-2)9t th=2 48914 52(KOMPSAT-5)7F LRAE 7
2ksto] A9t HleE w3lstal 3leH, 20209 249l= S & 2 IS5 fRt AAAEE
H4 2BZ(GEO-KOMPSAT-2B)7} 847§9] CCR(corner cube retroreflecton)= -J%
LRAZ} 72| o] "ARE| It 3L 2035W7HA] LRAS 2%t =3 A HAIA"(Korea
Positioning System, KPS) 8717} 7 & AL AlE] Fofl Qi

A Aol AP A3 dAme dF L A= FAE Yl 2 ARSE7] o
2ol A714Q AFE 5] floliMe A Be7t ook IS A=Y 7.7,
7%k, ®Alo] Algtol| wiebA HFOHA H= Tt s 4 Wieel F714eR Ak 47
2 AAE FAIBH ] 91RE 7152 eashof itk T187] flsiAe WA 1S9 Bt
A5 mofsh= Ao] wi- Fa5it, SIR AIAERE: G5l 22 A HolE e nle|A&2w) 7

(microwave measurementZ &9 B> A2 glo|gof H]s| JUs}t7] w0 SLR TZHA

oA T HiolEE B4 7% B9 A4H o2 Agoly vlela 2t ZgHct oL g
st 9 #= A& (precise orbit determination}& AFET &= Qo] AT 2B 8 9=

< FAa3keF 4 H3 4l

A AAF R ILRSOl 559 SLR ¥ o 1391492 20249 59 7|20 = 1277001,
LAGEOS, STARLETTEY} 22 4] -8 2139142 Zgslo] Aok GLONASS, &2
QZSS(quasi-zenith satellite system), F¥ A%< GALILEO, %=2] BEIDOU, COMPASS
5 GEO(geostationary orbit) 1&5-94dE0] thr E3E o] it 20244 5€ 7% 202597
A ILRSOl| A0 45 913t 55 9 50H A2 77001, 203287H4] AE F
o &= AT 167]0]chH5]. ESL SIR FZAE oju] A AAFOR 44719] HA=A47}
U= B0kl SLR AARY] 28 & HIA 0= F7lekal Q= S=Alolch

ILRS =A7]70] 555 = SLR A28 F 2712, AlE SLR A8 A% SLR AlA
gojct. Al SLR AIAFIS] A9 20149 Al %9S B9l AHEd = HloEHE ILRS =4
7|50l Algstdal, A Aol wet A5 BE5A(validated station)= 5A= ATHOE]. A
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% SLR Al&ER @A Ald o5 Foll 3lem, Ald #5004 521 blolEE ILRS =A|7]
Toll Algsted 202597H] ASE HESARE SULE A 5HE Y Fof Qleh

A% SIR ALHE I8t ABA2RE 24 nheE, ol AAd, Hoh AAd, 27} A
28, 5 AL, 29 A2ROR TAHo] QI 1% B =Rt 29 AL o3 of
2ok 20 A2RS AR Fold B WAt ABAAHS Aojsti oleE F3

Slo] WET ¥ 1 FUS BE W] Msto], V5L
S 5% A, A3, a—s—o}% A2go]et,

2 ERHE 29 A28 AT AL 87, 2LE 0] 720t AT dolA T
S AR A, SO A SIR 9 ALHS B HSH A B dolels
ILRSOVH HEF 2 A4 SIR W AelEd JUS vmet 2ns AAsknh

55 G539l A2 ol

ﬂ.lO

2. NAY 27AE

20009t °]¥= SIR 7|&9] A+ ﬁ"‘—*ﬂ% +JulE 24, Ae 54 e P, At
71, Bye Safety #°|A /\Plolﬁ} B2 HSaolA A9 54 L=t FeE(return
ratey& 7HAIsH] s @2 ATE 63 3 7L Zﬂloﬂh ojgfet et H=ol AlLE

ol A0 0 A5 14 AR } A gale B2t Sk Uck B 2
29, 915 35} 22 SR 290] 1A e . A4S ol 2], ol A5

3} 752 o835t Aif= A ¢ A]gl/nj 5&:(}
9] S FAIBH] YalAlelty. 1% 22 SIR jﬂ-_é__/lx_q] ML o ~zow =32
SRk TS B 29082 EskaL ek dlE S0 1990 dtHoll NASA MOBLAS #

rﬁ:

AR e vg A, B S

Zht A IS B9 AL 4804 WO Zo] 2|8S BUHAAT, 29 T
24 B F7HEAHEl. B A4S AT AL Bol 2914 zimmerwald, BF

Mt. stromlo TE40AE 52 &9 A5 29 AlAE|(full automated operation system)
2 29511 9o, HIox =Y SOS-Wisatellite observing system-wettzell), ®]=
NASA SGSLR(space geodesy satellite laser ranging), #|A]o} EX]7Htochka)?} Zo] A5 &
F AAEE sk A8she AlRI7E 7St IO, 101,

A% SIR 29 AlAEE Fd5hs st=do] QlEjHo]A, ALE 0] FAl, HoJe Azt
A2, o8 HAARF HUEY 5 B2 ZaAA A2 Qg ALY FolE 2adlsto] T4y
D 7 e FAIE AR RS s UIEA 7I5te] T EAF e AP Ao
T/gstAtt. TS, SIR 71&9] AT Ao w2k Al o5 ABAIARS Aojstal &
ARl we} 0T LYol oE TS BT FIYAHY Ao §lo] 2 AlA] AgHet
ABAIARS] FHIE HUEPsL 15 dargfEol et Asd o fshke Ay IS B
EE A Ysfof 3tk Ak #E HES fsiMe ABAIARS] e FE, Z4F A ZEE
AAZE sto] TS dargjEe] BhdEofof sk, tiefdt ole] A T Al Aol wet
7] B HAS o AlAFo] Q7
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Fe Pz sl Uk B4 P

B AnAsg,

3.1 SIEHI0] 7Y =t
3 sehel e et 4
2Hl 7k9] ogfo] Aol §R|H47F Loty BAGIE QI YEYa EdFE
o] AZE-

G Al2EY stEdole
o AHe Alx
(raffic)e £ 4= o] Fol9] #FS = 4 Utk #AE 29 AF
Al 7=}, GPS(global positioning system) & Tt A SFEg0] 52 91t o]
2 AFH guejEe] 23k 75 AZE OIS AYskes 4L Tk Fig. 12 29 A2
F=gojeh AxEgo] 7/ tholol e LEh™, 2t el AXd Awiet AH st
RS YR Sl 29 AAH0] HREE E/R J A HRE, 297
FEl, SLR/AO #HFER 2LES o] Augat of

A

=9lolote] @i
o, Sol4/A1Z B
oAE
2 U5 AUSHAE R
A3t BAS A=, o A
A

9] sl=
, AJo|E Alo] A
Jo QIEjmlo| A0 whet 2=, 1 F As TS Ko S8EE AHs T HAR
oF 21 B4 93t 2 FAl(serial commu-
o|&lYll(ethernet)
FJsfiAfolct. ol=fgt Bi4lo 2 Q) Zt
ga

He BAISITE 2% AA"E
nication), CAN(controller area network) 541
B vRrlog LAxlo] 9it} o] oRilgkA] uRAlo] HlojE] %

29 FAIE A7t 7kt v AP 7152 2
IR0 =8 FAE HIFOE 7 ek HlolE HE E Ao FHo &8 ¢ Utk

Dome [ Telescope Computer Operator PC (Observatory and Remote Control Centre) Laser/ Timing Computer
TR Box and
| Rotary Stages
Dome —
System La:seu Imec_iods
Management Device Browser Log Viewer Server : 20200 Server : 20203
Dome Interface
Server : 20100 Coude Camera
Gimbal
G Pawer Amgplifier TxRx
Telescope VCP StarCal e Server : 20201 Server : 20204
Telescope | OTA orlacke
Optical Tube Server : 20101 Intarlocks
Assembly
Mission Planning : Ranging Delay Generator
i ) System Post-Proceesing Server | 20202 Server : 20205 Timing System,
. ) Aircraft Detection Delay Generator,
Alrcraft Detection | | Server: 20102 Detectors
Camera
19216309 SLR Apglication | | AO Appiication e
Client Client
Server : 20206 L -
192.168.0.2 192.168.0.7 192.168.0.3 Fower Amplffier
192.168.0.11
Adaptive Oplics Computer
Site Control Computer 192168.01 SLR / AD Computer o
GPs 1 ] Deformable
192.166.0.8 Mirror
Schedule Post-Processing Data Distribution Observatory .
Server : 20060 Server : 20070 Server : 20080 Server : 20090 SLR Application Adaptive Optics
Weather Server ; 20091 Sarver - 20300
Station Wavefront
Sensor
uPs Time Mets Radar AO Agplicall e
Aircraft Server : 20020 Server ; 20030 Server ; 20040 Server : 20050 ARprCaloN
Surveillance Earver: 20882
Radar
N Adaptive Optics Computer
System Servers including (Windows)
Dispatcher : 20000
Configuration : 20001
Logging : 20002
Authentication : 20003 Camera Camens
Resource Management : 20004 Server : 20301
External Notification : 20005
System Manager : 20006
e S 192168.06 192.468.0.5
Fig. 1. Configuration diagram of hardware and software in operation system. UPS , uninterruptible power supply; SLR, satellite
s

laser ranging; GPS, global positioning system; OTA, optical tube assembly, Mets, meteorological data; VCP, virtual control panel
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3.2 2ZE0 WY &F

A% SIR €9 AT Eol&= AR ATYT 53 BOSSS(Electro Optics Systems Space
Systems)Ate] B MEE APYE| . A 02 JE AHBEAAHL] stEofo] thgh A
of, 19} #HAH QIEHo]A T AR 7H] Aol A2 AHet HA FarEfEo] tisfiA=
AAFT AFo] ofd ol FHE 44T 7He] FElo] JPEH Y =Fe Ct
gz Iy Aoje} H|FE AEC Q(visual studio)S A&t AL H(compiler)”t S3t=
TE N e 55l

AT Eo] /i HEos Fxg, TEEER], IEAA X, HlolE X7, AARF,
‘/V‘ﬁ%] S TSR i JREC] lth AR *F AL AnEols 55 Y € 9

84S 185t CBD(component based development) B &2 Agisto] 7iit= ict.
CBD W22 =322 7|52 85k AXUE 7|Rte = dAsto] §-84, A, 74
B gol, RS =21 B I /EE fIATEol= 9F 40719 HEUER
T/dEo] Aol 7hert Hagte] HeHA] FHESHIAL, Fo] wet HARUEES AZsiA
ARG = IES SIQIth A *F AlAEOA = ARZUES AHE Holsiltt. A=, Al
A FRIE 231 BRI 25 7}741‘ ATEOIE 7} 715 AHE dASt 4= 7t
SHZ 0 Z Jgo] 7hssto] AnEQ0] /T ARE TSI AHE o] 89t AIAE R0l &
o|sHA HAISFA.

N

DEQI0l TX Y S YT Ut

AT EQo] 122 djHol= A &3} HE(layered pattern), E27 HE(broker pattern), &
9 H AEE o8 (model view controller pattern), Tro]X ¥ & (pipe and filter pattern)
ST A} FERY] Hgo2N TS =0l FEE NASHAY dEt fA B
TE SRt 5208 AGHT. A 2F ATLEFole tg B4R ABAAER SHEo]
LS FRotAL AH 9 ZolAE sff(server & client pattern) FRE HAA =t &
F ATEOE o|FAL Q= T A7 IP 4 9 XE HEo T2 YEYT HHE
5%l etherneto] AZAE thE AHo] HolHE AlFstAY AlSTZ 4= Utk &, Pt A
He HolHE Algshs A¥ E= HolHE Algis SIAET} Hoj tE AHete] H
o[BS &1 & AUtk °lFA ethernet B2 &3l tFE AWl FLsk7] HsiAle Hlo]
HE 3-FtAL sk A RS AP ulg] gL Qlofok gt 2 A|ARIA] of2 gt
HIELQ|T AMH|IAE AlFdsk= A¥7T dispatcher©]th. Dispatchers 23 A|AEIS] RE AHFF
Eof] Ax|=lojof s}, W2kt (background) ZEAIA WA 08 FAE O] 4 HE A
]:]17]- X—L'_"Lo] 7]__.‘5]4;]- Dispatcher;qﬂ o= /ﬂ}:ﬂ7]— 51]-.9.‘5]3: 7(4 __~_Q_ /\1]:]] “ﬂ/ﬂ }\1]:]]
Acore services)2} ok, ABAIAHIS] Ho[HE o|gdlo] IS Y2EE Aok AH
£ 4 AH(core servers)etal gt} 4l A A= 2 FFE | AAE AHE A Yok=
AH|AZ dispatcher, machine manager”} 9th. Machine manager= A8 3552 A|o]s}
1, 29 #AEE] WOL(wake on lan) magic packetS 0|-835}0] 912 = 2 x|Ysit}
Al AHE= SLR application AH2} observatory AHZE ©o]F0]A Qlal, A AH|Ae}
Al Aeo]] oigt A 4.1-4.4904 7|&git

https://www.jstna.org | 173



A USRS 20N FHE fIeF 28 AMAH Y

AR &P 2TEQooA= AH Ei= STR|AE}S] FAZ 95 Fig. 29+ Z-2 EA7t
Q) ol AHME 7H] Wi FA12 DMI(device meta language)2 7|HHO.2 s, 4
A SAlE &9 o]FoiXIt Fig. 20 W WiF 541 dak= thZ3 £k @ Hol"HE 845t
T} 3R= AHE dispatcherol Al E2o]dES] YEY A HEE 2431th @ Dispatchers=
authentication AHE B3l A AT &2l & @ Configuration AHZHE STo|AHE
UEQA FEE A=ttt @ o] FH= Q3 A=A MIHh 6 ol& Bl oE AHl=
SEO|AES] AES 275k ® T1of gt SHol 2 @ W= AGITh ® FFHo=
PR Yol gt 9o R FAlS nHREEglth o] HXk= shhe] EfiAA(transaction)
= 9ulsh, & AIAE W AHE 7 SAOINE ARGET stEgojote] T4 FHAE
Emo]A Hhalo] whe} geprich

A% SIR 5 E|E2 o1 &, IS5 @A, HolEAE] gAE AA HF AEES
ILRS =A|7]7tol| AlFgtct. Fig. 32 A% SR 2% AAHC] AXES0] of7E| X (archi-
tecture)2 &G AL THA Q] ALt AHE Zto]l HEE= tlold 9 #E IS
YERH L it} o714, 3] 4] AHE onfshy mieble dli] AHE ALt AHE
YeRHaL lck A Al HAR SPA e EH(utlity)E orlsh, =42 23
ZAE st E=Fo|AE GUI(graphic user interface) T2 T13o|c},

ojlfgt AZEQo] opF|HIAE v R ool AFH At To| 3HAE B9l AT
TS FEEE YT A WA 28] AR © TREE A5E AW 598 5

o] A2 QAFAdS thAeE ILRS <A dlolg AlE CDDIS(crustal dynamics data
information system) B+ EDC(EUROLAS data center)°]l FTP(file transfer protoco)Z %
&slo] n)g] AXlEo] Z/RE Q1E89 FE HH CPF B TLES o83 1294 914
£ &3 ofuff AREE CPF 9l& A3 20 nsec Y o= 90% =0l 100 nsec

Communication Between the Server/Client

@) Connection Response

+ Djspatcheg__

(1) Connection Request

(@ Client Authenti atiorﬁuthent'\catiorj//
Request / Response Conﬂgu?gﬁc)m

(3 server Configuration
Request / Response

Machine Manager
(All Servers Monitor all the time)

Application Application
Server ———8) Connection Request———* Server
MET Server {6) Publication———————— MET Server
Log Server @ c d LogServer

omman

Etc. Etc.

Command Response

Fig. 2. Internal communication procedures between server and client.
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Weather Operator
- Sanvar ~Weathen- ~4——————Enable/Disable Interface
Aircraft IR FullSky cli
Observatory ient
Camera Image Server ~——Enable Pause,Resume
Server Server 5
I I UPS server — " Mission
Image Image State 1 2
l Close, ~ Planning
Aircraft Fullsky T T Emergency Close Client
Radar Server Detection Monitor loud Cover i Schedule
schedulem———
Server Server Switch On/OfF Server (©)
b Target: @ 2 Schedule
Position r I Tas
Power @ l;etce:to «T—a-Sks
ifi oInting  <—-Track-g) R Application
: Amplifier E— gpp ‘ 2 e ®
g Server HiEr Schedule
H | Target <& ]
T Bias SLR
lv @ * Task Application
Interlock ) owetcvel Detector Toack 4 4 Client
Interlock Laser Mirror 1
1 server | merock]  gorver ° D S
Server Predictions Open——————p DOome Server
W Server
oot 4
Fia Position f\ Star Coude
Mount Model Ez?::ls Calibration <«Image— Camera
l l l Trad — Utility Server
I Resi
. Post Data
> Telescope Ranging —> izl Processing Distribution
I 1
Server Server @ Server Server Server Orbit Data
Weenher4T Ranging Orbit Data Orbital
Data Elements
Profits J
Utility
CDDIS,EDC ILRS

Fig. 3. Software architecture and observation procedure of operation system [3]. ILRS, international laser ranging service; UPS ,

Uninterruptible Power Supply; SLR, satellite laser ranging; IR, infrared ray.

HE ollAs 99% BE=E ZH=tH11] @ SelJE T2 T4 72+ AHE AT 4
S Higo g 2 JHE It FEoIE X2 732 Auele] A, FH| Aol ot
gt ZF A9] 52 JH(enable T disable)E 273t 52 HH O] enable A|AH~]
IR oRE 29d FH7E | AEE 9ulsta, disable Eil= A4l AdH R FFT
FHZF ER] b2 S Tete o]t B4 FEe TR AHe] kS 7131t dlE &
B3} AL Alolsk= telescope A7} disable AEjEH #lo|HE Alofsh= radar AH
£ enableF|A] 9=t} o] ALl telescope AH7} enable FoloF radar AW®
enable 7FsSttt. 71 olf= A5 de F4617| et Bt HFo] FH|=ofof st el
739 $IA BHE} 571K 0] 8= Flole HA| FH|7F 7hssh] dlwolth 6, @ o
3H AHete] TAISS 1Eoto] AH H5 enable AEiEtd FA) Qo AdH TS A
£33} 52 JEE schedule AW AEEH} G F AMZEE A IH FE} 2 o)A
(infrared ray, IR) 7tH|2t A EE BIFO 2 = o5 wtslo] ot G4} vj2E HE
st = =4 PE AW(mirror coven)s 7T ®, @ thE-2 CPFS HIFCRE
UTC(universal time coordinate) A7l w2 ¥ ZHazimuth)? 11 &=ZHelevation) 2.2 ©]

Folxl 2AES ARttt
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[}

T A 35 dAE ® A4E AAEC OE At YR RS Est F9ES Alolst
£ telescope AHE Asto] AF9H9 X F43} FAl] QlE|EA(interlock) A&

SIS, Interlock &olgt ABAIARIS] @7 2Afof| ofgt AIAE] Ao, G4 EA=
lsh 2lofA] Wxlo] W ok oh= %S Tetth ol Eof vlE AAsHAY, B3t g4
=9 misalignment Ao] TA| == 727t ol siErh @ Interlock <o) ofHZhd g
oA 5 LZIAXIT ), @ ANF F2 Fof| Fa}t Fed4 1} 5718k Flo|E o ofsf H|FY
A7y BEE 7S, H@A AL 7] sl AR HIRA, A, 75 5ol HEEE dlolA]
T AF52 = interlock AHof o5 YAIF O R oA XS HEA ok 99 84Vt B
F AA=E golA= Ao IxlEt @, ® APl Ak Q15-9449] oS TOFRRE AA
#5545 TOFS] ZHresidual)E Atstal 1 235 #7443t

Al WA dlolg] A dAR @, ® T residual HIoJEE 0]-&3}0] th4] ZAF B7H
(polynomial fitting interpolation)¥t A8 Al (root mean square, RMS) HIg o2 =
o|2E AA% FF 4EE2 AT

4.1 Dispatcher

A% SIR H5= SRt AHl= getdor 2 AE ol Aol 8=AT 279
A3 IS =017] sl ‘:‘rE AFEZ AHY o, 371 AA7E G4 7hsttes
A=A ol2Rt SoflA AL AET Q= AXE UEYAE &3l 5Hor V&
Sh= AH|A7} dispatcherolt}. 2 AlHel ZEf0]1E 01%3]74]"]*“2 DML A #3&

ARG dispatchers B3l THE AlH9] A3 AE & &= 7ol ZF A= LﬂE"Ji
AE & 87} Qltk. WA, HlolE 74 "J(lntegﬂty}— FASkIL AH o] WM3HolE, 5
A7 BYSE AFso R FEEo] AF WS HEOAME golohA ARHT 7‘2511,
dispatcher= A== 4B 9] Y& ZHo 7 111(}6}51 AR} 1= ABe] YEYA
HEE Agoks Jds it

4.2 Machine Manager

o] AFHANA FHE o B4 A2EleR  dispatcher?t 5YsH machine
manager= X 7‘1101 AFEl A== i AH|Aoln o] ArjAE S FHFE(o] AF
3L = A AE} FAE AlofshH 5 R A #E REolA S AHERE o
F& Aol 7+ AH9] F&S Alofgltt. & S0 A A %X (uninterruptible
power supply, UPS)0ll o] YA &5 HE3F BA|71 A5k UPS AHolA ol& 7+
A5kal o] AR observatory AHE HAGECh I39H observatory AHE machine
managerolAl BE AHE SHA7 = B8 FIEHI = BE AHATE AFA
Hoh E UE Ve 22 #1547t ofd 94 #S40AN #5 Al ARSET Machine
manager+= 94 AFE]2] WOL magic packetS UDP(user datagram protocol) 541 ¥4
S Ajofd &= ek oA LRl ¥4 HEYF A= ABYl(sub-net) broadcasts

%
ﬁ

JhL

g F%M otr] o] 4% magic packeto] Tk 2OER HEHe] 29 FHeI
EE EIE(port forward)’h 7Rs it whebAl, wiek G0 Qs Alado] F4 F A9
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4.3 SLR Application AH
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4.4 Observatory A{H

Observatory AH= AIAE] AEE HUEH, Tk AHER, ABAIAE A2t G4
AEE HAIZIOE glste] TS of 15 sk AHo|th. Camera A1H, UPS A1H, radar
A¥ METs A4, cloud sensor AH], full sky monitor AHZFE Hlo|gE 4ot 1 2
= SIR application AHet F-F5tL FFANAl FEE AlEeteh. wef A5 #5 e
215 Zof 87} HEEW observatory AWM= FA] A5 AAIES FAlokL, Lt Ju|E B
S57] Y3l v ALt 52 gt HbAQl Hoj= SIR application AHE E3) Ao
HARE TS Fofl WS 15 AdFolM= e 11 Ao B8 9l =, §9E, At
2SS AT = AUk SHANE BS Fofl WA 715 Ad=go] oyt =32l ¥Y

51X 21 SIR application Aol 2Js]] A|ojH T},

o

4.5 XSHE H o2y

2FAe o glo] Ay TE HEE ARt 29 AAES A Ho9) /I H5 HAE
A3l AT A5 7R ofF o] F83it oj2’t W= F2 I HE} AT Y
o] BIA AR} ol §H . A% SIR 2F Al&HoA As #S oRE TS| ft
A lolels F 4719 AARRE 53t 25, &%, o4F, v, 7K, o, B5 4
FTHL 22 @A FEE $HSke METs AlA, 459 7et 32 s8sks ske 34
7HilEt, BIE BASke A% AlA, 758 AA8ke 75 AA= s o &
= ARl 2Rl ofs AAE MMl AARKhreshold)E o185t #5 7hs o FE &
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T8 U5 HEoflARt AREH. s EH HIolEl= observatory AHE H|o[E7E AEE AL,
observatory ¥l 2t AIM2HE ZS3t HolHE HiRFoR A #5 ol E it
TkeF 739 AAZRE FAIEW observatory AME SA| I ez HgE o] &3} H|2
HE SA B B HE w7 Z|oEH A& 0= AlA golHE HYERs] 5
e gt 75 e 4 25, olgd, 35, ¥k, dhs 97l AEE Alsst
Al2ge] B Al FA] Aol FFE 71 5 AM Y] F8 FA2 75 o
BT = Qe WS 245 Aol I ol =l &8l #lelA
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PUFS B7I510] BE G0 HPAS AISH SER BEHR, W} YYAo] A
She gl 19 2 5, WA AR AL delEiet 91X Agel 718kt B4 sk

= 7%°l= interlock AHA oA W2 YAEA] & AH 947} AAEH 2502
o] A7} FRIE} v|PA| 7HA] FHHER= aircraft camera AHOfA] IR oJujA & EESH &
aircraft detection A|HE &l H|QA| A| oFE TRt HPA| E= A2 50| FA|
F 75 dlolHe} HR7 AR interlock AHE E6 #lo]A7} Aloj €t

A TS HE A= 4804 AE 5 dEE AR 24 =R gt ot 5
T oS B9 AY 2GR ol RS T o AT AMs B HEoAE 29 Al
AHlof| A ARt IS sfiof 517] wilzoll B aflQ] A=l tiet @x7F Bk, ol= Fig. 4
of el Slch. Aps TS R4 BE| kL 71A= 7P A% AR I 84
F Hl 95, 5, S5 74, ol 9 5 ofFolt olE’t Y 847 Aol A&
7h AR AR 2Aehd vlE AW} 52 21 F8t HES 7] YRR Hd o
715HA] Et. QFAAe] ol f T= Z1Ael FHEE A7 AR Bl B3 vl AHE
91 I AARs B FHEnh 9] 94AF QIR = ST oi7] AHE I S 84

&

7F kol thA] eSS AR ALE EAR 8 TEE 85 SE2 29A
<

o] 7ido] Hasprlel Aeds $A AHt drt 85 $A] H FojA o] FHEEE
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w3} Flojd, sl 1, S4l ool met AR AedS o] ARl HsiAe
Fig. 401 “JAI3] UERHIL Slct.
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A% SLR AlA"E @A AlE 29 S0l doH, 7idE 3
tlo]ElE ILRS =A|7]to]l vz A AlA AFEAY D ZA]
Ele} BStAT. 11 olf= ILRS SA7|FolM Al s 712 AVJEA T LRAR ©F
oA =] A& ATAAl st single-shot RMSE AA3}7] wjiZolc}.
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Fig. 5. Residual result of ground calibration. x: time, y: residual (nanosecond).
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Fig. 6. Residual result of starlette satellite. x: time, y: residual (nanosecond).

Station performance(GC) based on on-site processing statistics (April 1, 2023 through March 31, 2024)
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Fig. 7. GC performance based on on-site processing statistics (April 1, 2023 through March
31, 2024). GC, ground calibration; RMS, root mean square.

Station Performance(Starlette) based on on-site processing statistics (April 1, 2023 through March 31, 2024)
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Fig. 8. STARLETTE performance based on on-site processing statistics (April 1, 2023
through March 31, 2024). RMS, root mean square.
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