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Ground-based Optical Observation System for LEO Debris
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We are proposing a ground-based optical observation system for monitoring LEO objects which uses a lot of
optical sensors to cover the vast sky. In this study, the system evaluation was carried out using STK software.
The results shows that two longitudinally separate sites for survey and two tracking sites located in both polar
regions were able to detect more than 60% of TLE-objects and maintain their orbits. The proposed system may
complement or replace the current radar observation system for monitoring LEO objects like a space situation
awareness in the near future.
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Abstract

We are proposing a ground-based optical observation system for monitoring LEO
objects which uses a lot of optical sensors to cover the vast sky. In this study, the §
system evaluation was carried out using STK software. The results shows that two

| longitudinally separate sites for survey and two tracking sites located in both polar
regions were able to detect more than 60% of TLE-objects and maintain their orbits.
The proposed system may complement or replace the current radar observation

8 system for monitoring LEO objects like a space situation awareness in the near future.

| BARIZEABEENN—T B=02, -{(SADRZ LU HEFSIBNENFEZERT -0 D ENZER T

N LEIRELTVND, COMRTURATLEHEIFSTKY Iz 7ZRAWNTEITL Iz, COFBRIE $—_RA1DF=HIZZD

N OREAMBIZEN YA RETBEO ZDOEBHY A TILEA TS orD60% L EBHE L TENLDIEETHIET |

WM EDTEETRTARELEVRT A GEVNFE., FHKRZBHOLSITENEDRERD=HDREDL—F —EH |
VAT LEMTETAINBERZDHENTEDMELALLY,

Concept of the ground-based optical observation system
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COSMOS 2251
Iridium 33
Monthly Number of Objects in Earth Orbit by Object Type ‘
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Fragmantation Debris
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—— Mission-related Debirls
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g
Space environment is deteriorated with spac?aebris especially in LEO region recently.
EREORETELBLO—BELLEOTVD, (BIZHERR, FERLTOHFES)
Dead zone problem. (a few mm to 10cm)

RABF AT 0cmTHE DI, FEHHHTES Y/ X EHmm
Inaccuracy of TLE

HEERTLE)DRBENEL,
(LReR Observation ability of LEO objects must be reinforced.

EHETIIOBAENERELTIDE

Background

r'.ﬂ_ - 4
| i3
Observation methods of LEO objects ISON network of Russia

(DRadar observation: SSN of USA. 24-hour and 365-day observation is possible.

Enormous cost is needed to construct and maintain.
L—4& —8Al:KEDSSN, 24K#3650 . REIZEG SN BREUVBEFERENHIINDEVSIR A

@0Optical observation: ISON network of Russia. Observable time is limited by lighting

condition of the sun and weather. Very cost effective.
FEBA:OLT DISONRYT—5, 1 BEBMOEM, RECHER1H5. BRRUKHEARLSRL.

@ Optical Sensors(CCD, CMOS) are improving ##+>+4—(CcCb, CMOS) DRR. EithE Tl
@ PC performances are improving ss#gthosLLEL

Cost-effective ground-based optical observation system of LEO objects which is used for SSA will be possible.

B ERuETIUADM ERPHAS R TLERETE, FHRRERICLER,
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BHEEBICELDLEOTITVERS AT A
® About 40 optical sensors are installed to one site. 19/ TOEDHKFEEY
® 2 regions of the sky are monitored to get long arc. EWW7—4%1857-® KBk D 24815% 85
® 2 consecutive passes should be observed for accurate orbital determination.
For this reason, 2 longitudinally separated sites are considered.

2EIDEREY 52/ SRE BB -FELVBIERENTRE, BEOEN 2O FRICEAY (M ERE.
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Observation equipments: Data analysis software:
-Takahashi €é180ED (D:180mm) The linear motion detection algorithm

*FLI CCD camera ML23042 sy ‘7
(Back llluminated 2Kx2K) SEEREBRETITUZ L

FOV : 3.5 x 3.5-degree

Survey observation was carried out using these equipments and software
AREVARBR UMY 7 NEFIR. B—+ 8UlZ =M
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FRHHRET) Detection abilities

17525(MOMO-1)
exposure time :  50msec
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Result of 16 days’ survey
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About 30cm LEO objects are detectable #30emY 1 X D {EELE YA D H AYF] fE
About 15% of detected objects are un-cataloged EHEMEDSLHI15%NEAH205 THoI=.
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Z

CMOS sensor for LEO observation. Readout  comparison between a CCD frame(left) and CMOS
time is 60 times faster than that of CCD frame(right) in same condition
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Concepl of the stacking method
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An asteroid detect with the stacking method. One
CCD image (left) and the stacked image (right).
CCD Ef18(%E) tEhabEETRIEL EMKEMR).

@Improve equipments: CMOS sensor will be used for the LEO survey observation
@Improve analysis method: Linear Motion Detection Algorithm — Stacking method
EBRLBINTFEORR ‘, waBdZE - Ehabtl

Aim to detect about 10cm LEO objects 10em&DLEOT T Mgtz HET

Precise orbit
determination

ERERERE

Ishigaki : i  Rikubetsu: °

Step1. Idéntification of same
objects at one site at both sites
ERTOR—MEDRIE ST 2R/ TOR—YEOFREIIT

In order to carry out precise orbit determination, the identification of same object, which

is extraction of 4 sets of data of same object from many observation data taken at 2 sites,
8 must be done.

MELVREREEZT 2. ThEAOMEKICHL, EFE2E, EHEOT—52vrE, SHROBRADFHLRE—MELL THRHIEDIHETREBLEL,

Step2. Identification of same objects
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Orbital Determination Possibilities
-Observation Simulation-

Observation
sites:
"
-

Ishigakijima Observatory (Okinawa) Rikubetsu Observatory (Hokkaido)

Observation
equipments:

L_ Takahashi €180ED FLI ML4240

Observation date and time: Apr/11/2012  8:40-11:40(UT) Rikubetsu 300, L7/ 2Az 9% £120°

Apr/11/2012 10:20-13:20(UT) Ishigaki (%;Erjj PAORAEIC—FICBB LS
«rglal.
Targets:14574 TLEs of Apr/11/2012 distributed at Space Track web site.

Observed coordinates(RA and Dec) of each object at each site are calculated
every second using STK(Satellite Tool Kit) software.

PUBETEY J hSTKZAWTEY A b THRRBISNSYMADID (SSCES) |« BUAMIE (RiE. K8 Z
— kR CEtE.

| HLERTEREN
Orbital Determination Possibilities
-Observation Simulation-
FILVC IS E R 145740MADS 5
T 1T [T | sett BB Ly b 1TS724E, T k2 TE3EMHELRLE.
E— H A CTHRESNIEHBDE47 3V,

TiIne FERI tw b 1TO16MME. 2w b 2 TO34MIRNMRE.
W75 THRE SN2 B D (34 5811k,

Identification conditions
PR IPE Sax
(DDifference of observation times: Less than 700-sec
HREFEZE 70080LA
Loy @Change rate of circular radiuses: Less than 0.1
Step1. Identification at each site FIBUEDRUEFEZAEE 10%F
B ETORE—YMEDIT ST QDifference of inclinations: Less than 1.0-degree
MgELEDIMEMERADZE 1.0°F
Orbit Plane @Difference of RAANs: Less than 1.0-degree
MEEDR R RIMEDE 1.0°LF
) (®Difference of direction cosines at the middle of observation

N\ By SOmARRE COMBLEDSERLDE 5L
time of 2 set: Less than 5.0-degree

$

465 objects out of 473 ones at Ishigaki (98.3%) and 454 objects
out of 458 ones at Rikubetsu (99.1%) are identified.
GIEDA73ERP46544K (98.3%) .
FERIDASSYMATASAYR (99.1%) MMIfTIF TS,

vernal equinox

diffelence

T se2

equatorial plane
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| BVERTERES
Orbital Determination Possibilities
. -Observation Simulation- orbitPlane
BIETHRAT I ENIZ46594K,
Step2. Identlﬁcatlen at bOtE, SIteS o et g S 11/ AS D S 5
K WY NTERIESNIZED(E 15491k,
/ ” Identification conditions A
% St equatorial plane
(DDifference of observation times: 5600—77 .
] BUBIEFREZE 5600 — 77008 vernal equinox
@Change rate of circular radiuses: Less than 0.05
MEED#EFRE(LE 5%UTF

(B Difference of inclinations: Less than 1.5-degree
MgLEOIMEMERBDZE 1.5°LF

@Difference of RAANs: Less than 1.0-degree
MEBDRZRIMEDZE 1.0°UF

@Dnﬁerence of direction cosines at the middle of observation
B550YA NCOEARREFZ T OmMIEDSEREDZE 90° LU
tlme of either of the two sits: Less than 90-degree

I.'h' k 143 objects out of 15’c;nes (92.9%) are identified
Shigar 15444 14391MA (92.9%) DIEATIIN TSz

Same object identifications out of many observation data taken at 2 sets of
observation units at 2 sites are possible.

Which means objects coordinates separating about 80-degree of 2 passes are
available. Therefore, accurate orbital determinations will be carried out.

0 2B DRI A hENENICH D 2 DDOBAEBEDO Y hDOT—INSE—EEEVERTHIMIITEDZ ENDH .
@ 2[E1D) (R (CDWTKEK F DB+ EBN /BB Z1E2 = EHEIEE (D . HBERVHERTEN CIEEE12D.

TS
Orbital Determination Possibilities
-Test Observation-

Observation
sites:

Ishigakijima Morita Rikubetsu Observatory
Observatory (Okinawa) (Hokkaido)

Observation
equipments:

«

Canon 200mm F2 + FLI ML23042 Canon 300mm F2.8 + FLI ML4240
Observation date and time: Jul/27-28/2012 after dusk and before dawn

Targets:4 TLE-objects (14521, 13589, 20720, 21574)

In order to mimic the observation using the optical array system described before, some TLE-objects were
observed assuming one of the sensor of the system detects those objects with no TLE information. Each
object was observed at 2 separate sky regions on each site. The first day’s data was used for orbit
B determination and the second day’s was for evaluation of the accuracy of the orbit determination.
N BRI DT, W DD DBV TLEMREREDRENIZ2B(CH N TER Y 52/ (Rz2TNETN 1 DOBAI -y hTEAILZ. SBTETLEY
AOBBIE2NFIZTLEZR(CHE LU THEZ B ZER. 8oNBRT—4 (BARMIBBR) 237 ADIEOIZY MERAILIEEDE
RETSD. 2BMEOEIREAZER/TEML 1 MEDOT—F FHERE(C. 2BEDOT—5 FFEREBEDOHECFIA L.
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Orbital Determination Possibilities

-Test Observation-
1St dax Z”d day

Rikubetsu f Rikubetsu «— Rikubetsu
1 Orbit Orbit of

Obs. J determination _> 2nd day L Calc. Obs.
Ishigaki Ishigaki <+ Ishigaki

Orbit propagation-using SGP4 Accuracy evaluation of the orbit

Result of the accuracy evaluation(Obs. — Calc.) #\ERERETMER
SSCES 14521 13589 20720 21574
Rikubetsu dRA(arcsec) 181.19 34.99 19.62 199.27
Rikubetsu dDec(arcsec) 186.08 33.06 11.08 246.91

Ishigaki dRA(arcsec) 96.23 10.84 N/A 195.52 FOV .
Ishigaki dDec(arcsec) 339.20 14.22 N/A 491.74 [7.65

The result shows the orbit determinations are accurate enough to track objects next day in spite of quite limited
observation data. In the case of the objects of 13589 and 20720, the differences are less than 0.01-degree. These facts
i indicate the proposed optical observation system is quite useful for orbit determination of un-cataloged LEO objects.
N SEHEEREL SRVERIEICERN 5T, BHDBINC (F D/ EREDIBE ZEMRL TLD T ENDOMN D /e, FFIC13589, 20720 TI(FEtE EEBRD

BURIDZFN'0.01°=36arcsecd T O TRIVEE THolz. CNSDEEN SIRET DEMES T USLFERAS X5 A FERDYOD DLEOYMADIE
ERVEREICEN TH D ENDONS.

Operational efficiency
&, CMOSt Y — D%, BT FEFEOR LICKY, 10enBERETESIELRE KLRATLTLKDOD
BLELMFZHRE . BUERENTEZ SN ESTKEESTRE.
BARME? EFEERFILE?FME. ECIT?
Sites: ZE /M Siding Springs Observatory&
BEMNS Bh-REOHAY A+
Equipments: 18cmTelescopes+ Optical Sensors 40sets (each sites)

Objects: TLE (About 14900)
Date and time:2014/1/1- 4 months

Observed number of TLE objects with the system
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This document is provided by JAXA.



318 FHIML 22T TEBR TR AR AR JAXA-SP-14-013

16 B A _ _
Tracking Observation
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Tracking Observation Sites
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Sites: FBRF—LSLCRUILIERGR/NN—/\ILES

Equipments: 18cm Telescope— Optical Sensor (each sites)
Objects: 7 AVRATLTHERESHSEDEYE (7)

Date and time: 2014/1/1- 1 year
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Summary

We are proposing a ground-based optical observation system for
monitoring LEO objects which uses a lot of optical sensors to
cover the vast sky. In this study, the system evaluation was carried
out using STK software. The results shows that two longitudinally
separate sites for survey and two tracking sites located in both
polar regions were able to detect more than 60% of TLE-objects
and maintain their orbits. The proposed system may complement
or replace the current radar observation system for monitoring
LEO objects like a space situation awareness in the near future.
ESEMFREERTI-0. SROAXFEL—ZF AL TR LD LV EEZEH/\—F 5 S 28R
VRTLERELTIVS, STK software2FI ALV AT LBREOSRESAICHNATRELI2 RO RT
LIZEYBRASNTODIEEDED#60% DEERENME TARTHY ., SEICHILOBEICZEh TN
BOOBMBRAERERET A EICIVHEREL-DEDEEEBMARETHLSCEL DM oT=, BEY
AT LIFERE. PERRERICEVLDTREXREMERALTWIL—F —HAIRAEHT T 2L 55 BEEEES
5%,
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