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Light Curve Observation and Simulation of H-2A R/B
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Active Debris Removal (ADR) is one of the most promising methods for ensuring safety and sustainable space activities
from danger of debris. In order to carry out an ADR mission, the attitude and motion of the target must be determined
precisely in advance. We are observing the light curve of the second stage of the Japanese H-2A rockets, one of the
ADR target candidates, using telescopes and CMOS sensors, and reproducing by a two methods simulation. One method,
the optical simulator uses a scale model of the H-2A R/B and can reproduce the light curve as observed by a ground-
based telescope, considering the attitude, motion, and sun direction of the object in orbit. Previous simulations were
mainly performed in this method, but due to the time required per case, it was not possible to experiment in many cases.
The other method is a CG-based light curve simulation tool that can significantly reduce experimental time by
examining the overall trend of the light curves. In this report, we present the results of this CG-based simulation using
light curves observed simultaneously at two distant sites.
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Abstract

Active Debris Removal (ADR) is one of the most promising methods for
ensuring safety and sustainable space activities from danger of debris.
In order to carry out an ADR mission, the attitude and motion of the
target must be determined precisely in advance. We are observing the
light curve of the second stage of the Japanese H-2A rockets, one of the
ADR target candidates, using telescopes and CMOS sensors, and
reproducing by a two methods simulation. One method, the optical
simulator uses a scale model of the H-2A R/B and can reproduce the
light curve as observed by a ground-based telescope, considering the
attitude, motion, and sun direction of the object in orbit. Previous
simulations were mainly performed in this method, but due to the time
required per case, it was not possible to experiment in many cases. The
other method is a CG-based light curve simulation tool that can
significantly reduce experimental time by examining the overall trend of
the light curves. In this report, we present the results of this CG-based
simulation using light curves observed simultaneously at two distant
sites.
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Light Curve Observation

Brightness(ADU)

600 1100 Observar

Observation time(sec)

» Light curve observation is easy and cost effective as compared with

the direct imaging with the adaptive optics.
» Technologies to estimate motions and attitudes of targets must be

developed.

The optical simulator for simulating light curves was developed.

Two Observatories
Chofu and Nyukasa

N 35°54’05”, E 138°10°18”
Alt. 1,870m

Tri-Axial alt-azimuth
Mount

g JAXA Chifu Aerospace Center

60cm o
Telescope e/ Distance:130km N 35°40'42" E 139°33'24
& | j Alt. 55m
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Light curve observations of H-2A R/Bs

malog=to~digital wit
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Light curve observations of 4 H-2A R/Bs The light curve of 39771 observed on March
are being carried out using 60cm 19, 2019. Two strong peaks are observable
telescope

Laboratory optics simulator with scale model

T Sunlight Light

stage

Scale model

S~ The scale model of H2A R/B

3-DoF linear stage #5

e | e
The optical simulator consists of a 3-DoF (degree of freedom) linear stage, a 3-DoF rotation
stage, a light stage, a scale model of the target, and CCD cameras.
The optical simulator can simulate the orbital environment including lighting condition,
attitude and motion of the target.
Simulated light curve is created analyzing images taken by the CCD camera

This document is provided by JAXA.
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Optical simulator

' B ¥ Bk

CCD images of the
scale model of H2A
R/B

The simulated light curve. The scale model is rotating at 3 deg/s
about the minor axis.

Light curve simulation

I Small
difference

Red: Observed light curve

Blue: Simulated one. Gravity gradient
stabilization. Nozzle faces the earth.

awlog-te~digital/ wmit

Green: Simulated one. Gravity gradient
stabilization. PAF faces the earth.

e e J
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Difficult to reproduce detailed shapes and reflective characteristics

12D/ 53— DRERICKREAN NS

Experiment of one condition takes real time

CGHFEUIAL—ZDFIR

MR R CRAFEZFERTES

Reproduce detailed shapes and reflective characteristics

EERETHZDEEEMETI SN FTRE

Numerous conditions can be analyzed in a short time

CG Model(H-2A R/B 38341(21 5 #%))

@ [ 5145 1% =Phong reflection model D FAGEE R 5T D H) Reflective characteristics = Phong reflection model (Mirror reflection-only)

O EHIKDCGETILDERE CG models of simple shapes
TN *Six major categc?ries of reflective char.ac.teristics
*Removal of equipment, panels, and piping on trusses, PIFs, and PAFs
-k SR PIF, PAF L D#ER. /3R )L BEE(—ERER D HIBR (except for some)
“BHOEBRLIOSURIVNIUY DB EIR *Removal of equipment on engine mounts and rings (except tanks)
XL RAA— A DTS EBORE . BEDEIR *Removal of equipment and piping on engine sections except nozzle skirts

*Wrinkle removal on MLI
-MLIOLH DR ZE

@ 5TEE :

A yh LB REREM T ED DRLREED
E—DO@&ELY ERREICERTE
-PAF. MLIFEHRKER NS DL EEZDEFERTE

-PIGGY. NOZZLIZ. AdapterDFHAlFER M S DL HEERERTE
-BODY(PIF)I&. Blli&#R S =R 4 45 1£(80~90%iH) % fe Bk

ﬁﬂ&ui*"lﬁﬁl‘: S v ERTET

PAF side Nozzle side
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Search for solution candidates by shape matching
| JiPiXa @ Standardization
BT S EEZI=1.0[s] *Sampling Time =1.0s

3 g - * Light curve area during observation time = 100
. 3HI H:_I-f —7J £ _
BARRTOS M0 EH=100 @cEvaluation value (F)

@ T {E(F) N Sum of the difference (absolute value) between observed and analyzed
= Eﬁ.iﬂ'lH*fﬁsﬁ’C“O)EE;’E'HIE&Q@*HIE@%(ffﬁﬂﬁﬁ)d) é§+ values at the observation time
—>The analysis condition for the smaller debris attitude is taken
as a solution candidate.

F=Y.E||Observation val. —Analysis val. ||

Light curves by observation  gtandardization after standardization Evaluation value

B AREA=100 [y

Light curves by analysis after standardization

R IZ R IEFE D Step

Steps in Solution Candidate Search

@ Stepl:
BB TIRBAZNEE TZEHE
-ERZZARN2EY):
- PAFH#I() [ EL#E :180[deg] =90[deg] R TV~ :5[deg]
-/ X)L A R EE :0[deg] £90[deg] X7y :5[deg]
-EHVEBH(R2): -90[deg] ~90[deg] RTv7 :5deg]
-T7V)AEEEY ZSBMARI) :;90[deg] ~90[deg] X 7w :30[deg]
s =
= éﬁﬂ%ﬁfﬁ%ﬁmz@mﬁﬁ&rsﬂi I e
& ° In—plane(R2) —90deg~ 90deg: Step 5Sdeg
Exhaustive analysis:
- In-plane attitude angle (R1)
* PAF geocentric direction reference : 18090 deg. step:5deg.
*Nozzle geocentric direction reference : 090 deg. step:5deg.
- Out-of-plane attitude angle:(R2) : -90~+90deg. step:5deg.
- Attitude angle around cylindrical axis (R3) -90~+90deg. step:5deg.
—>Limit the range of candidate solution search in the next step in the region of
analysis conditions with small evaluation values.

@ Step2LL[%: , .

~HiIStep CRESN =BT EH DEHE TIYMN VDR TV T DBRERENT ™ ' e

“BENHHEERESNECHT, ARE M EHEICA O BRRAT T
1 : R AR : ENAR)OFMELZ YT
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Analysis Case (2 Sites, 2days)

@ Analysis
—Casel:
Chofu: Start time:2021.12.14 20:42:47(74567s)(UT) Observation time:
Nyukasa: Start time :2021.12.14 20:42:24(74544s)(UT) Observation time:
—Case2: (after 6 days)
Chofu : Start time :2021.12.20 20:42:17(74537s)(UT) Observation time:
Nyukasa : Start time :2021.12.20 20:41:42(74502s)(UT Observation time:

Casel:TLE 0 H-2AR/B

138341U 12025E 21347.57744250 .00000204 00000-0 31373-40 9997
238341 98.5193 185.3194 0054097 284.5746 74.9470 14.84345241518076

Case2:TLE 0H-2AR/B

138341U 12025E 21354.52068479 .00000830 00000-0 10402-30 9996
238341 98.5188 192.7341 0054042 261.7872 97.7209 14.84354256519185

at Nyukasa at Chofu at Nyukasa at Chofu

Step1 AZATHER I

Example of Analysis Result

SHMIES X2 TOP20(EE{M{E ) FIIE) Top 20 evaluation value ranking
-PAFE# : (XX FE C 4B (R1:200[deg]. R2:40[deg]E (S LG50 DR EHEMNTEIE
-/ XJVEHEE ) X)Ll 5 RI(R1=R2=0.0[deg)I IR LMEM FHN T XU T LE DS
* PAF criteria: Top ranked analysis conditions exist near approximately the same area (R1:200deg R2:40deg)
*Nozzle criteria: conditions close to nozzle geocentric direction (R1=R2=0.0deg)

—Casel- —Case2—
PAFEL#E NozzleE# PAFE#E NozzleZ #E

% A% Ri[deg] R2[deg] R3[deg] | Rank % A% Ri[deg] R2[deg] R3[deg] A A% Ri[deg] R2[deg] R3[deg] | Rank A A% Ri[deg]R2[deg] R3[deg]
19.650 19.626 -5 -5 17.604 20.821
21.244 18.460 -5 0 18.689 21.421
26.748 15.173 0 20.047 20915
21.603 21.014 -5 0 19.031 22.045
20.859 22.220 0 19.513 21.997
21.995 21213 0 21.331 21.655
23.701 20417 0 23861 19.456
21.761 24.586 -5 20.766 22.788
21,646 25.284 0 23.348 20.293
27.308 19.706 0 20475 23596
23.951 23.356 5 22,993 21.447
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23.440 24.078 24611 21.603
25.857 22.344 24.104 22319
25.396 23.857 19.839 27.356
18.560
16.451
24871
19.802
= 21.138 -40
23.886
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Stepl1 AEATHER ~FTHH

Step 1 Example of Analysis Result

—Step1 Evaluation value maps —
@Casel&Case2 DBy T LI (R 51/ 33 —2B) TR (GEI= 0k Sipazlelriat Satae
_Efd:%) E (6 E fﬁ)—és (i [iﬁ] C7‘y700)/ {9_:/ LC38341,11214,Nps100,0 Evaluation Value Map of R3:0.00[deg]

= T
HBNE. ERRER BRI RSB ? > alt

2 | 1

Comparison of evaluation value maps of Casel and Case2 (reflection L —71 | fﬁ’ﬂ ,,
‘ ‘. PAFitly | |

pattern B) ‘ s ) g

LC;38341,112145Np45100,0 Evaluation Value Map of R3:-30.00[deg]

-

- Different days (6 days later), almost the same map pattern L . N il M ¥ T
->Debris attitude change is small, Coincidence of Posture in L E _
Periodic Motion? : - s

100 120 140 160 180 200 220 240 260 80 60 40 -20 0 20 40 60 80

_\\7 | J fJ\ Rideg] Rildeg]
=sHEEAVNSULVGEEIE RS

LC;8341,112205Npd5100;0 Evaluation Value Map of R3:-30.00[deg]

- Debris is stable due to gravity tilt and attitude fluctuation is small : 5 ' e -—{::’
—>The possibility of gravity tilt stability is high near the nozzle
geocenter direction, where the evaluation value is small

—Step2 LARE
= THIREREE

—>Search near nozzle geocentric direction ‘ . ‘ -
: ", M e =

100 120 140 160 180 200 220 240 260 80 60 40 20 O 20 40 60 80
Rildeg] Rildeg]

Step1 FRHTHER T {51

Step 1 Example of Analysis Result

.PAFiﬂlL\ﬁﬁ@EﬁﬁEﬂf‘ci’CO)?’fHJ DR HER (BR AT : CASE1 D IR &)
BIAMA—T 1D
—SABABERTOTIIO

Light curve analysis results with gravity tilt stability in the PAF geocentric direction
- Specular reflection characteristics of PSS dominates the light curve
—>The possibility of gravity tilt stability of debris in the direction of the PAF geocenter in this observation is extremely.low

e - el RIS A M H—T DEH T A ~#RH75 1 h—T DOGEIEI(40fE)-
RELSA-N—T DR (RASPSS D ST R AT (R ASPSS D ST R ST FEY)

e

4500 TASSD 74600 TAESO  T4TOO

Comparison of standardized light curves Component plots of analytical light curves CG animation of analytical light curve (40x)
(Red is specular reflection component of PSS) (Red is specular reflection component of PSS)
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IR TYT  (Stepd) fRMTHE
Final step (step 3) Result of Analysis

@Casel FHIEES> Y No 1 DS A b h—T iEHT#ER((R1,R2,R3)=(-7.7, -0.4, -123.0)deg])
= MLIOD $5 T & 5451 A R ALY

Analyzed light curve for Case 1 with evaluation value rank No. 1 - Dominated specular reflection characteristics of LOX TANK MLI

LC;8341,112145Ndpd5 100,00 Evaluation Value Map of R3:123.00[deg]
40

Evaluated value map including
No.1 analysis condition

Comparison of standardized light curves Component plots of analyzed light curves CG animation of analytical light curves (40x)
(Red: observation, Blue: analysis) Light blue is specular reflection component of MLI

IR AT YT (Stepd) fEATHE
Final step step 3)kResuIt of Analysis

Case 2 Analysis result of light curve with evaluation value ran
@ Case2FHIEZ> INo A DF A M A—T fEHTFER(R1,R2,R3)=(-9.6, 5.4, 22.0)[deg])

MLID S E R EHF N RE M, T OIS RDFHTE—oh 2D,

Dommant specular reflection characteristics of MLI in LOX TANK  Two peaks occurred caused by mterference with engine mount trusses

LC38341,112205Ndp45100;00 Evaluation Value Map of R3:22.00[deg]
E 45

-1 105 10 95 -9 85 8 -
Ri[deg]

Evaluated value map including
No.1 analysis condition

i —— »,ww!

Tes) 7o

Comparison of standardized light curves Component plots of analyzed light curves CG animation of analytical light curves (40x)
(Red: observation, Blue: analysis) Light blue is specular reflection component of MLI
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Conclusions
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@Proposed method of debris attitude estimation by light curve analysis of CG optical simulator
-Shape matching, multiple sites, several days of observation, etc.
-Presents an example of analysis
@ Future plans
-Increase the number of analyses (number of observations) and improve/establish analysis
methods
-Verification of analysis results using scale models (models)
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