J. Space Technol. Appl. 4(2), 169-183 (2024)
https://doi.org/10.52912/jsta.2024.4.2.169

x4t 88
Journal of Space Technology and Applications
pISSN 2765-7469  elSSN 2799-3213

A a
jI [y

Check for
updates

Received: April 12, 2024
Revised: April 28, 2024
Accepted: April 29, 2024

*Corresponding author :
Ki-Pyoung Sung
Tel: +82-42-865-2079
E-mail: kpsung@kasi.re.kr

Copyright © 2024 The Korean Space Science
Society. This is an Open Access article
distributed under the terms of the Creative
Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0)

which permits unrestricted non-commercial use,

distribution, and reproduction in any medium,
provided the original work is properly cited.

ORCID

Ki-Pyoung Sung:
https://orcid.org/0000-0003-2639-4127
Hyung-Chul Lim
https://orcid.org/0000-0001-5266-1335
Man-Soo Choi
https://orcid.org/0000-0003-2019-3615
Sung-Yeol Yu
https://orcid.org/0000-0002-9571-1985

JHE OIZUN HOIK SHS I3t 2 AIAH
[e:]

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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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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1. M2

Q1 FYA FlolA FZ(satellite laser ranging, SLR) A|AEL AL ALE 43]511 Y= <
398 & #l°olA BtAF(laser retro-reflector array, LRA)O] 2 QIE914de tio=E 1|
2] o|&% A= FX CPFconsolidated prediction format) T+ TLE(two line element)S
ol-g5to] AelA IFA7IA S AZlE AlEHEl(cm) $F28 AUsHA F4ok= AlA
gloje}, Aol A St A Fo|A AL ARt} Q1E-9/de] A2 LRARFE] HIALE]
o] EjEok2 o] T A7k Z75to] HIPAITHtime of flight, TOFRE Altslil ol
HIRFO & Z4Jof|A] QI 7IK] 9] A& ArEshe= BHAlolHIl

7 HlolElE ILRS =A7]tol Algste] A AAR vjazstar flom, o= A5 Fd
A= 274, &5 SA, A 43}, 712 9o & AR AT dlolH 2 &85 Qlrk EIL
SIR AJAERE A Axo] U= AT TS A58 B I A58 Al4H(global
navigation satellite system)?] Y*|9} Al HZ L HAo = ARLETH2.

=Helre e le/d 25(STSAT-2)9t th=24-8-91d 52(KOMPSAT-5)7F LRAE
zlsto] At =g =Fstal 3lom, 20209 2¢€ol= i E 8 TS5 AT AAAES
31 2BS(GEO-KOMPSAT-2B)7} 847119] CCR(corner cube retroreflecton® A%
LRAZ} 2] o] AR QTh. E3 2035W7HA] LRAS 2%t a3 A9 HAIA"(Korea
Positioning System, KPS) 8717} 7Hgt 9 Al A& Fof ct.

AT Aol AU Q599 dme AF T A FAE sl -2 A=) o
2ol A714Q] AFE $3517] floliM= s Tert oot IS8 A=Y 71871,
7%, HAo] Aol wiEhA HFSHA H= vttt s @A diwe] F718eR A 74
2 AAE FAISH] 919 7152 Srastof 'ttt 127 flsiAe WA IS BEdt ¢
A5 efsh= 7o) wi¢- Fa5lt. SIR AIAERE 53 &2 AT HolE= nlela&s) 54
(microwave measurement)g &3 @2 7|2 Hlo[Ho] HIsh FUsl] wZof SLR H54
oA I=H HolEE 54 71Xt 5% AGZH R Algstd nlo|d gy SHHY e A
ot A A= 23 (precise orbit determination)}= AFESH 4= lo] AFYA 29 4+ Td=
= F|asle o ATH3 4L

A AAHCR TLRSO] 554 SIR &5 o AE-d2 202449 54 71222 1277014,
LAGEOS, STARLETTER 22 £4] 418 A5 AdS ZEooto] 2lA|ote] GLONASS, 9]

o

Y A9 GALILEO, =2} BEIDOU, COMPASS
5 GEO(geostationary orbit) I-5-9/dE°] th: E3HE 0] 9t} 20249 5¢ 71 202597+
A ILRSOl B4 02 245 95t 55 9 590% AF982 77001H, 203297H4] AlE F
o &= AFHAL 167101eH5]. ESE, SIR =A% oju] A AAZoRZ 44719] IS4t
== EFSIAL SIR AlAHIS] 8% FAH oz ZUslal Q= Aol

ILRS FA7|tell 5552 = SLR AIARE F 2712, AlE SLR A28 A% SLR Al
dlojt}. AlE SLR AIARIS] 3¢ 20149 AlE 9E B9l 4AkEd B HloJElE ILRS =A]
7170l AlF5A, HE A weh #E5H TS4(validated station)Z2 521 ATH6). 7

QZSS(quasi-zenith satellite system),
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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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3.1 SI=AI JHY &

AlAES] stEfols & 5T ths 4 AFE FHIE FdE0] itk #4F AR
AR AL 7] o] Ho] fAES7L Bolstal HARKE Qg YEQA EFY
(raffics £Y 4 Aol Fol9] 43S BE 4 AUtk A 29 HAFE= ABALE, 7
A 7k2}, GPS(global positioning system) 5 HFF3E AE st=go] 55 913 QIE#H0]
2 B} gargjEo] 23 5 ATEQOlE AUk AT 3Tk Fig 12 2F AL
9] st=gojot ALE o] F/d tholol e YEH, 7+ HtElo] HAAH AHe}t AH 5}
THojete] dF AEE Yehfa itk 23 AARS AREE 5/TYE HFE, 97
AFE, 2olA/A1Z HE, AlP|E Alof FH, SLR/AO HFHZE ATE o] Ay} o}
o] QlEmo] Ao wet LR, 11 5 As TS Ko SEE= AHE kil dhAR
He BAIGILE 2% AARS SAEL AY FAE et AE FAl(serial commu-
nication), CAN(controller area network) 541 Y& | L5A|7t thFE o]t l(ethernet)
Al Ao o] Qltk. ol PR A9 HolE AEat Ao A, e A
29| FAA A7t 7Fett v A 7152 iAol ol=gt Ao & RIS 7+ AFfE=
59 =g HErO & o F Z2]9to] tloly A% & Alof o &g 4= Sk

= =
TEE

Dome [ Telescope Computer Operator PC (Observatory and Remote Control Centre) Laser/ Timing Computer
TR Box and
o | Rotary Stages
M Svatan Laser Interlock
Management Device Browser Log Viewer Server : 20200 Server : 20203
Dome Interface
Server : 20100 Coude Camera
Gimbal
E Power Amplifier TxRx
Telescope VCP StarCal e Server : 20201 Server : 20204
Telescope / OTA ——
Optical Tube SCTTEALL Rinithse
Assembly
Mission Planning P : Ranging Delay Generator
; Deteci Systam Post " Server | 20202 Server : 20205 Timing System,
Aircraft Detection Delay G tor,
Airu?g Detection | | Server: 20102 ‘ga;;?::
mera
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 ter
Site Control Computer 192.168.0.1 SLR/AO Computer o [,_,‘-’:u,,m"
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 AD Acplicatl e
Aircraft Server : 20020 Server ; 20030 Server ; 20040 Server : 20050 ARprCaloN
Surveillance Earver: 20882
Radar
Adaptive Optics ter
System Servers including HWVWDUNU”SC;!WU
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

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
[T ojuf AHE 7he] YR F412 DML(device meta language) 7|¥FCE 5, A
A SAlE &9 oFoiXIt Fig. 20 W UiF 541 daks v23 £k @ HolHE 845t
T} 3R= AHE dispatcheroll Al E2o]AES] YEL A HEE 2431th @ Dispatchers=
authentication A& Bl H HgE 1 F @ Configuration AHZRE ZEo|E
UEQA FEE d=th @ o] FHe Q%3 AHoA MIHh 6 ol& HICE AHl=
SEO|NES] AES 275k ® T1of gt SHol 2H @ Y= AL ® FFTH o=
R Y&l gt 9o R BAlS nHEEglth o] HXk= sk EfiAA(transaction)
= 9ujsi, &G AIAE W AHE 7t SAOINE ARSET stEgojote] SAE FHAE
Emo]A HhAlo] whe} geprich

A% SIR 5 LaEjE2 o1 @A, 35 @A, HolEAE] gAE A HF AEES
ILRS =A7]-toll AlFgtct. Fig. 3& A% SIR %Y AIAHQ AXE0] of7E|X(archi-
tecture)2 &G AL THOA Q] ALt AHE to] HEE= tlold 9 #E S
YERHIL it} o714, 3] 4] AHE onfshs mieble i AHE ALt AHE
YeRHaL lok A Auel HAR S8R e EH(utlity)E orlsh, =42 29
AL st E2to|AE GUI(graphic user interface) T2 13o|c},

ojfgt AZEQo] opF|HIAHE HIFORE oHo] AFH A Zo] 3HAE B9l AT
TS dHEE T A WA 28] BAE O REE A5E A= IS8 S

70| g AT o= ILRS A dlolg] AlE] CDDIS(crustal dynamics data
information system) T+ EDC(EUROLAS data center)e]l FTP(file transfer protoco)Z 3
&sto] m)g] AklElo] IAHE AT HE HJE CPF E= TLES o83t A5HA AA
£ &3t ojuf A& CPF o1& A2z 20 nsec B9 Woll= 90% =], 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.

174 | nttps://doi.org/10.52912/jsta.4.2.169



J. Space Technol. Appl. 4(2), 169-183 (2024)

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 9 B dAR © AAE AAIEC O Al 93] ZRE F5t Y-S Alofst
£ telescope AHE AFsto] A9 X F41} FAl] QlE|EA(nterlock) A&
SRRIRtH. Interlock ASgolgh ABAIAHIS] @7 2FAo] ofgt A|AH] Alo], IH A=
lsh 2lofA] Wxlo] W ok oh= %S Tetth olE 5ol vl AAsHAY, B3t g4
=9 misalignment 4&o] A== F-9-7} oo SFE Tt @ Interlock 4&o] of=hd |
oA LZIAXIt ), @ AFH F2 Fof| Fa} Fed4 1} 5712k FlojE o ofsf H|FY
A7t BEE 7S, H@A AL 7] Qs AEE HIBA, A, 75 5ol HEEH dlolA]
9 AF52 = interlock A{Hof| o5 YAIF O R oA XS HEA ok 99 847t B
T AA=EE oAl AFs L& WRIEHH @, ® APdo] AL Q1591449 & TOFLE AA
#&H TOFS] ZHresidual)E AWtstal 1 235 #7443t

Al A dlolE] AE] HAR @, ©® B residual HOJEE o]-85to] Tha4] ZAF HIHH
(polynomial fitting interpolation)¥t A& 8HAlF(root mean square, RMS) HFgO& =

o|=E AT FHF iEES At

4.1 Dispatcher

A% SIR BEL 98 Al Qo A5 AREe] Axso] L8uAT 2]
FAT L ol7] 9ol T2 ARER AH9) o), 27k AAPE 4 T shes
HARIIE, olefat SelA A7t ARET s IS YEADE B FHOR %
3}z A|27} dispatchero]th, BE A} ZejololE ojZeAlol e DML A F2S
8318 dispatcherS B3] THE Aule] A5 9IS & % o] 2 Ause WEYL
94212 & et gick. webA, dold P2 (ntegrit)& S5t AHle] BslolE, F71,
AAE SR AEoR Tejsel A5 BE HEoE golsHl AMgEc: A,
dispatcher’s ARSI AHe] 912 A0 At Pskas she Ao vEa

Aue Agshs 4TL .

o 2

o

=

4.2 Machine Manager

oy AFHOA *9JHE s BAF AAHOFR  dispatcher?t Y8 machine
managere 2= Ao] FHFE O] HA|== A4 AB]Ao|th o] AH|AE i ZHFE | A%
3L = A AE} FAE Alofsh 5 R A BE REolA S AHERE o
B2 Agitor Zk A9l & Alojgitt. A§ =0 #4834 Y A (uninterruptible
power supply, UPS)Oll Qo] WA &&F =35 EA7F YAYotH UPS AH{ollA ol& 7
Askal o] FHE= observatory AHZ HAEHTt IHH observatory AHE machine
managerolAl BE AHE FHA|= BB ALsto] 2JEIL Us HE AHIATE A
Hoh E UE Ve 22 #1547 ofd 94 #S40AN B#5 Al AMET Machine
manager+= 92 FFE 9] WOL magic packet& UDP(user datagram protocol) S 514
2 S Alofe 4= Atk o)7L LukARl ¥A HEAoAM= AMEYl(sub-net) broadcasts
£ AREsto] ¥sk=t] o] H¢ magic packeto] #ZA FHPEIZ WL Eo] £ HAFEHE

XE Z=(port forward)’} 7Fsdltt. whekA], Tk HH o2 QlE) AlAHlo] Tk & AY
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o] E7=H ¥4 HFE AL machine manager®] WOL 752 o83 ZE 29 AF
HE 2 5 Qo] ¥4 sHg0A R85 ARSE

4.3 SLR Application AH

Mo
of
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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
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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)

0.
0 =7 356
35
=30 272
£ 23
E 201
©v 20 155
- 129 142
@ 15 T 123 101 ’ a9 12109 o1es o3 o,
1 71 71 68 69 % |
1 | lvivs 1 11 R 111
01 | NERE i I i
Ry 0& @om ®,;v S LT S P @ DS EE
&

? o S e 8 S
NIECCAR AR SIO N P F & & 08 & W& & O
#’Qe& s Lo o & SIS S T P T Pl T IR EF LS P
B & gw S & \@@ g < & 5 & 8 S
R > QI & 42 & ki &
X & B A °
B o
& 3

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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