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of the Debris Removal Unprecedented Micro-Satellite (DRUMS)
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We will report on our debris removal efforts and the operational status of the Debris Removal Unprecedented Micro-
satellite (DRUMS) we developed for demonstrating elemental technologies on-orbit.

This document is provided by JAXA.



546 BI0E [RR—2F7UT7—say 7] HRERE

22KT021307

C12

Our Debris Removal Efforts and
the Operational Status of the Debris Removal
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What is DRUMS (FUsIC

DRUMS (Debris Removal Unprecedented Micro-Satellite)
- Kawasaki Heavy Industries, Ltd. developed DRUMS for demonstrating elemental
on-orbit technologies of ADR.
NNIFE T #(FADRERKAMID#IE L Eit =B & LT, B/ BEEZEDRUMSZ HFE
- DRUMS was launched on November 9t 2021 as one of the payloads of
“Innovative Satellite Technology Demonstration Program”.
Eniﬁg’gﬁiimﬁi%rtjuﬁ‘ﬁA2%1%%(:5§Eén 2021F11A9BICA7>0>0%4 Yy h5EH#E(CT
BT & )

Agenda BiX
1. Background &2

2. Overview of mission and DRUMS system ’ 5

w3 o 2= Work at launch site (Aug. 2021)
w3 MEEDRUMSS R A BB (2021/8)

3. Operation B https://fanfun.jaxa.jp/topics/detail/19220.html
4. Evaluation results by on-orbit measurements launch (Nov. 9th 2021)
& T FTEWF (2021/11/9)

i N - https://www.mext.go.jp/b_menu/da
. n on C
5. Conclusio DO ijin/detail/1421560_00002.html
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1. Background #B=
1. 1 Increasing space debris XAXR—XFTJUnighN

Negative impact of debris collision/explosion in orbit & LTI UM EZRE BRI IEHE
®Debris collision with an operational satellite can cause catastrophic damage.
ERTOBECTIUNERULIEES. BEmiMEEESIEECInIEEENDD
(@Deteriorated orbital environment will constrain future satellite launches
MBRIENBIL L. [EREEDIT LHIFI LD

Current orbital environment RIROEFEREE

- Collision flux between debris and operational satellite is approximately 0.01/m2/year in SSO at 600-800km altitude.
600 - 800kmHEDABEPEET (. 7TV SERFBEDEE IS VI R(F0.01/m/FEA—4F —

- The number of orbital objects has been increasing due to large constellation.
IEFFAFIEI > R L —2 3 > OBEE T _EVAREHEM

=The risk of Kessler Syndrome is growing CODFFHEREZNE S DETRAT— > RO—LWRE T DBERME

26000 . = T : = - 2 . .

24000 I I { I I I | |} | I I } |

22000 —Total Objects i | -
eaab | Fragmentation Debris | | | | Improvement of orbital
18000 ||| " oot L1 I | environment is an urgent issue.
= = Mission-relatod Dabris | mLEﬁ&%(;u;@%@E*i
Russia’s ASAT test (2021)

O PHEMERRER(2021)

2009 satellite collision

| REBBEHEDEHRSR(2009)

China’s ASAT test (2007)

T ESEWIRTE85ER(2007)

NASA Orbital Debris Quarterly News, Vol.26, Issue
1, pp. 2, 2022.
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1. Background #B=
1. 2 Target debris d5M&E

Improvement of orbital environment in LEO {E#uED#ERIEN=
- Larger debris removal (ex. upper stages, large satellites) with a risk of large impact in collision occurrence
are effective to avoid Kessler Syndrome.
AEFTUY (Ov hEE. KEEE) ORENBX
- Most conventional upper stages have no deorbit functions.
BIFABFTIUDSE < (FEBTHERN T D AT LTIV /#EELTULVRN
=ADR servicing is required, which contains rendezvous, capture and deorbit.
SBRERENT TUMMEETERE - i - 18R T 33— EDADRY —EINWNE

Upper stages of rockets O04 v b EE
- Upper stages have similar characteristics in their shapes and the satellite separation parts. These characteristics
enable to share a capturing mechanism.
FRDNBEMLTED., TvS a3 I ECHEEBIRRDF[HELLERUTHE LI
- Many upper stages are distributed in SSO
KEFEEEEICO Y b EENZ < DML TLD

HIRB
Cosmos 1275 ., \ Ll
|

11 5L-% KB
SL-14 B 23400
ENVISAT
ADECS
H-2ARB

METEOR 3M

2 asLioen KHI aims to realize ADR for
CI upper stages in SSO
' KHIZXBERBEEDO O Y b EEZ SR E

UTZADRERIRZBIEY

A titad
“®

Average f

SR
IE SL-16 R/Bs, N

ax refated PLe, ind
it aia e D. McKnight, et al.: ‘Updating the Massiue Collision
Monitoring Activity — Creating a Collision Risk
Continuum’, 8t European Conference on Space Debris,
Vol.8, Issue 1, 2021.
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1. Background #B=
1. 3 Key technologies F—iifi

ADR key technologies ADR®DF—1#%ii
®Rendezvous to a non-cooperative target =change the approach method in relative distance range
B DI E BRI T FEE DB X ZHENH D

Vicinity : Vision-based
— . N navigation for measuring
@Deorbit #EET relative attitude and
Estimation of relative position
Estimation of relative orbit by infrared/visible i i
orbit by AON with light camera EHRAUEIC & S HNELL/ MIEHETE.
visible light camera i BIERPhI(CIEX
B S /AIRKDASEAVEEE
TARKH A SEMNEAONIC i & SN PUEHE Vicinity :
&K DR EFIEIEE @ “|"Pose estimation of the target
by multiple images
B
HFHHOESEISL. ERLE(CLD
Absolute navigatig L =5y FOEBEHEE
with GPS/TLE
i®% : GPS/TLEZH
FfiniE

Deorbit with propulsion
- - . - EENERESETHERET
Attitude estimation with

ground-based photometric measurements
i EDSORFFRAICKD. 5—5'Y NOESHEHTE

Launch
T EF
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2. Overview of mission and DRUMS system =v>3 #lZ2&DRUMSSXFTA
2. 1 Mission requirement =v>3>ER

- Since a micro satellite system has limited resources, two essential technologies (mission
requirements) to be demonstrated were selected among many technologies to provide ADR
servicing in orbit. ADRBEDF—#HifiD> 5, i ETORIEHE UL \EiiZDRUMS THIE FREF 9 5. DRUMS(E
SOkgiRiB/NBIFET, BHTETDIHENRONTNDIZEZERL. 2RDIY S 3 VERZRE.

(a) Non-cooperative approach :  iZHMEADIE R

DRUMS demonstrates vision-based navigation for measuring relative positions between satellites and
uncooperative objects in the vicinity of the target.

B2 CFRHMARDHEMMUBZRIE T D2, TIRNN XA SZER &I DEGiEZ KT

(b) Capturing technology : ik BERHR

DRUMS demonstrates the extension boom of the capturing mechanism, which is the main component of the

debris capturing system.
FTTUREOIXEEBRER CHhDIMEMBOMED — LoD SUEEHEZ =T

DRUMS ADR key technologies Vicinity : vision-based
DRUMS d — navigation for measuring
UMS e_monstrates vision- relative attitude and position.
based navigation for W
measuring relative positions EHSE (C & BARNTE S/ itHEE.
(ORUMS)EIEEMET Bz [ Estimation of relative | | Migbuic £
ARADAS R T DERAUE orbit by infrared/visible

ERL light camera

bl -
FS/BIRHDASEBVEE
SAREIC K DIENPUEHEE

DRUMS demonstrates the
extension boom of the capturing
mechanism

(DRUMS) iiEHAEDERET — AB KU
TR = 325
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2. Overview of mission and DRUMS system =v> 3> #lEEDRUMSSRATA
2. 2 Mission sequence =vy>3>3¥—4>X

On-orbit demonstration of ADR key technologies ADREZ=ifiD#iE L S=iE
- Relative orbit control from proximity approach to capture is identical to ADR satellite
operation

DRUMSiiE#EnA NN SiEEHEE E T OBx #E I d, ADREEERLE—

(®Approach the target by a
vision-based navigation and
propulsion device

= g [ 5 N
Y target "-II:I £

target __ =

- ---:FOV separate

- DRUMS mission :
e : _

(0). &
HEND I~ b TS
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2. Overview of mission and DRUMS system =Zv>3 ilE&EDRUMSSATA

2. 3 DRUMS system DRUMSOD>RFLIER
Specification of DRUMS

Capturing mechanism DRUMSEZE:# T
(2m : after extension)
TRIEREAS Size 1% 600mm X 600mm X 800mm
(fHE4&%92m)
Mass @& 65kg
Target " Target (after release) | Orbit #ha | SSO (KisEEAHE) , 560km
(before release) "'- H—Fy b~ ()
=Ty
(rz )

Attitude control sensors
& 3EEBAFIENCER T D HHlEAFEDE

Visible camera 1 * 2

S
3 51 . T 19 i i
AIEADAS L - 2 |@. 9 follggl;tensny Sun sensor, Magnetic sensor, Gyro sensor
. A Lo I_EIEE-’ ; Kigt> b, st Y, SvarO0t>bY
Overview of DRUMS and main mission component
DRUMSHER EEEIR =W S 3 188 Solar intensity .
<100% Earth sensor, Migﬂetlc sensor, Gyro sensor
e Wikt > b, st Y, SvasOt by

Bus system /(X%

* The bus system has the basic subsystems, such as the attitude control subsystem, the power control subsystem,
the heat control subsystem, and the communication subsystem

ZBEGIE, BIE - 2. LB EoBEEKEEE. BEOEAMEEZIEY
- The attitude control subsystem has sensors (three SSs, a GAS, a three-axis GYRO, an ES, a GPS)

BB HELT, KB Y, ST Y. SvarOt> b, k> BzEE

Mission system =wv>3>%

* Orbit control is demonstrated in addition to attitude control

Zw 3> TR ZEHHICHINZ THEHIEHEEM

* The mission system has the navigation sensors (an IMS, and three-axis ACC), actuators (12 thrusters), the

capturing mechanism, and the target release mechanism
fEt> Y (BT Y. IEREE>Y) | 7OF1IT—4 (RSRAY) | #E#E 7—0 v MBS =R
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2. Overview of mission and DRUMS system
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2. 3 DRUMS system DRUMSOD>RFAIER

Capturing mechanism %3

- DRUMS has the basically same
functional system as that for actual

ADR missions. Equipment consists of
top plate, base plate, extension
mechanism, length wire controller and
extension boom.

DRUMSOD##MEMIE(L. EBRDADRI WS 3>(C
B DEMAE S BEANMBREEC (LE.
E@E. ®EJ—A BERESIED-HSiE6K)

- The boom is extended when it is
determined that the target has
stabilized within the assumed range of
distance and direction.

=4y hOEBES KUAEMNEE SN DEHEA
TRELURESE, BMET—LZHBET D,

- The state of capturing is planned to
record by using visible camera in order
to confirm whether the capturing

(L)

target
(F—=Tv k)
Capturing i
mechanism Vi
(REHE) U
Extension
L 5
Length wire controller |~ L ,Iﬁ
(R EHE T ) )
ia P
M, _.’ g ; »
’ 6/ ~ 5 Top plate
X

Extension boom

system functions successfully.
WEHIBNER TS LTLBN. EZFHAS
THRI S,

(BT —L)
Extensi_on Ba(s&%)ate
mechanism
({RRHAE)

© Kawasaki Heavy Industries, Ltd. All Rights Reserved WK Kawasaki
Powering your potential

3. Operation ;&EH

Ground Station it ES

- A control room was established at Kawasaki Heavy Industries' Gifu Plant to operate DRUMS.
NBFETHEIRETHACEFIZEZHEL. DRUMSZER

- Operators uses monitors produced in-house
BHROERE=Y%=FEH

- In parallel with the DRUMS project,
ground station is also used to analyze and

provide satellite data
DRUMSZO T h&MITU.
BET—H DTS (CETER

<KHI Ground Station>

Manufacturer: SAFRAN (France)

Parabola diameter: 3.7 m

Weight: 1t

Tracking: Program & Auto Tracking '

Frequency: S-band (2GHz band) Send/Receive !
X-band (8GHz band) Receive

- Ground station sharing service is also implemented
h FBD> T 7Y IH—EXEEN

Ground Station (Gifu Plant KHI)
R (IIGETRIEETIEN)

© Kawasaki Heavy Industries, Ltd. All Rights Reserved
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3. Operation ;&EH

Overview of DRUMS operations DRUMSERD24&
- After launching from the rocket and entering orbit, an initial check-out was conducted to
confirm the basic functions of the satellite
Oy ST EF. $UBIgAR. BEOEAMEREZHR I DVERF T v o7 heEE
- Rate dump operation and 3-axis attitude control operation were conducted to stabilize DRUMS
attitude
DRUMSOZEZZFELDIZD, L— I TEA. 3 MR ZAHIHER = EhE
+ Checkout of mission equipment was conducted prior to mission
SV I EMRICESY S a#EBROF T v I b X
- Mission will be implemented =w> 3> %%}
- After mission evaluation, late-stage operations will be conducted =w= 3> ik, BEHERZRNE
Checkout Mission
Equipment late-stage
Sy asiRFIvy operations

orbit
insertion
[IB=EPN /1
Initial Checkout #M#FTIvo7Ir
®Various functions Checkout (Mode || Establish 3-axis
transition function, data DL function, || attitude (LVLH
launch etc.) ] _ attitude)
fTEF ﬁE%ﬁK%(E—FEE%%\T—Gmﬁﬁ 3 SR B GIREYT
(2021/11/9) BE) o (LVLHZ3%)
. (@Attitude /Navigation Sensor
. Checkout

B2/ MMELOFIVITOR

®Actuator Checkout
POFI1I—-FIFIVIFPIL
- @Various data acquisition
EFET -8

B-K Kawasaki
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4. On-orbit evaluation #hi& E5F
4. 1 Evaluation of Rate Dump functions L — 45> ¥EEET

rate dump operation L—k49>7EH

- After the launch, a rate dump operation was conducted to reduce the angular velocity of the
satellite.
TE#%. BEOAREZERT DH. L— N T EREEN

- After starting the rate dump, the angular velocity was reduced to the set value of 1.38
deg/s in about 1200 seconds.
L— 5> TRta%. 112008 TREMBD1.38deg/sDAERE / JL A ICIKE

- The norm of angular velocity was maintained at about 1.38 deg/s even after the rate dump.
L— b5 > T8 7#51.38deg/SIEEDERE /)LAICRENTWS Z L =R

0 500 1000 1500 2000 2500 3000
Elapsed time [s] #Z@8FRI[s]

© Kawasaki Heavy Industries, Ltd. All Rights Reserved B Kawasaki
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4. On-orbit evaluation @& 3T
4. 2 Verification of Control Functions ll#sEDmER

Three-axis attitude control operation 3#hZEzFIELER

- Establish three-axis (sun-oriented and Earth-oriented) posture with LVLH as reference
posture
LVLHES#Z BRI -5, 3MEE: (KBERRUIIKIER) ZiHE7
- Confirm that both the power balance and communication with the ground station are stable
BARES LU LB EDBIE. EEICRELUCIRETH D Z EEHR

Function of thruster checkout X5 X5 Di4aERE:D

- By blowing thrusters and checking the rotational motion with a gyro-sensor, confirm all

channel thrusters work properly
ASRIZEH L. Srv/O0C> B TRERBEEFOKRFZHD I DIET, EFVRILDASRAINER(CHEEET D

ETRHERR

Checking the directional control function iSEHIfHEEDTHER

- Confirm that DRUMS can be directed to the moon and earth
Aotk mE(CDRUMS ZIEESIH T E 2 & S =R

Directional accuracy is currently being evaluated

1EMEIEE (FERTE ST P

B-K Kawasaki
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4. On-orbit evaluation #& L5
4. 3 Image acquisition by image sensor and monitor camera
EFE> Y, EZHDASICLDEKEUS

'-_'_‘._' ; P

©KHI ,
Moon image by image sensor Earth image by monitor camera
ERT Y (C XD AER TN AS(C K DHEKE

Currently, we are preparing for the mission by performing the following on image sensors used
for image navigation and monitor cameras for capture demonstration recording.

[7E. BNUEICERS EGRTE Y. HEEIEFEADEZIIASICHUTCTREZERBL. v a>(CElFicEkE
ZERBL TS,

- Confirmation of relative position calculation function using moon as a target
A&5—4"y NMC R Tz fE st Eikae DfEsR
- Exposure time, gain adjustment

Sl 2N ZEFR
o N O C
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5. Conclusion bHbHIC

- The on-orbit evaluation results of DRUMS are presented.
DRUMSD#iE EHififERZ R LT

The rate dump function, the 3-axis attitude control function, and the imaging function of
the monitor camera were confirmed to operate as designed.
L— NS THEE. 3ERARIEMLEE. E- DA SDRGIEEESENFREHED (CEBIL LB EZHER L

- We will acquire ADR key technology in DRUMS.
DRUMSTADRF— 1t #1889 3

We will demonstrate "Approaching non-cooperative objects" and "Capturing non-
cooperative objects" in orbit.
[FERDMANOESERAMT | . [IERIYMARDIIERMT | D8E L EiTET D

- We aim to commercialize future debris removal satellites and on-orbit servicing satellites.
FTROTTUREEE., Pl t—EXFEDERML /BRI ERIET

debris removal satellites Target satellite

Servicing satellite
depris removz H—EANE
FIUBREESZ G—F i R

Robot arm
OfyrT—L

Large debris (the
rocket upper sta
REFTU . B STRE
(O5 v bEE) atellite separation
section structure
Future debris removal satellites Orbital service satellite

19K T UREEE B EY—EXEE
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