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Innovative Satellite Technology Demonstration Program

1.1 a7 L0EKN Purpose

X707 LI, FEERTELD [FHEYATLOEHFNRREOZEHBICAIT-REREKE] 0—&EL
LT. EEEPCKZER EDFFE L EEPEHR. BNEFGE, ¥2—7Yy MIFHEIMOESHIRMHT
370407 LTT,

JAXAlZ, 2o7ns 5 LzBLTUTOERREZBHELTVWET,

1., EVEEROBEICHIGLDD, FkEkLiiA LT, FHE-EFMBEIHC I vy a v OEES
HOBHDBY AT L/ TV AT LDORIBICEDREZBEMCTA T 7OERILEITS .

2. VR7IFEVY, BROFHENORE E FHEEDOERHFHOERICSVRROMFIN
% [EHH] B @EErICEY B, ERiEZ1T,

As part of "Space System's Stable Supply of Spatial System Components" under the Basic Plan on Space Policy, this
program aims at providing opportunities for the demonstration of equipment, parts, spacecraft and CubeSats
developed by private enterprises, universities, etc.

JAXA is aiming to realize the following through this program.

1. We look forward to the future and will demonstrate technologies and ideas leading to the creation of

new uses and industrial competitive systems/subsystems, while responding to the challenges facing
the country and industry.

2. Although the risk is high, we will preferentially take and demonstrate "innovative" technologies that

are expected to achieve high results in the development of Japanese space technology and secure the
international competitiveness of the space industry.
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1.2 AEHEOHE Outline of the call

JAXAIZ TEFBERINEIE TR 7 L] OFET—VREZBFEAELTVLET,

1, B&ET5FIT7T—~
@ &Bim (BEFEBAA. HEMER R L)
@ avkR—F>v bk (42%)
@ NBEHELRT L (BNEBE [100kgB2EE£<T] - F2—7H% v b[3UET])

2. BB
© BAERAFRE. BAEROKE. EA. BERUZNCET 25
@BEF—v OB BRE COREEELEE > TEBT 28BN HDH

3. RNEHAME
BENE

4, ZEEIF
ICEREZEOFMICOVWTIE, UTOEEZEEA# TEBLZEW, [EDOH > FILET—<ICDWLWTIE,
JAXADEFIBEEZR T, RiE7T—~EFY X MIEFIETWELEEET,

<EEEE>
http://aerospacebiz.jaxa.jp/wp-content/uploads/2016/07/kakushin_guide-1.pdf

JAXA is offering a proposal for conducting the "Innovative Satellite Technology Demonstration Program" throughout
the year.

1. Demonstration theme to call for
@ Parts (electronic parts, mechanical parts, etc.)
@ Components
(® Small satellite systems (ultra-small satellites (up to 100 kg) - CubeSats (up to 3 U))

2. Eligibility
@ Japanese governmental agencies, institutions in Japan, corporations, organizations and those belonging to
them

@ Persons/entities willing to implement the work up to the development and operation of the proposed theme
with responsibility

3. Public offering period
Year-round calls

4 . Application guidelines
For details of the application conditions, etc., please see the following application guidelines. We will register
the submitted demonstration theme in the candidate list of the demonstration themes after a preliminary review
by JAXA.

< Application Requirements >
http://aerospacebiz.jaxa.jp/wp-content/uploads/2016/07/kakushin_guide-1.pdf




&y THMEERNET1SHE L%y b

2 “EFRBERINE 1 S#&” BE

Outline of Innovative Satellite Technology Demonstration -1

[EHOEERINEL 1 1) 13, [EHFOBERMRL /027 L) OBRYORIHAT, BELEY
K%, PRRESEHRICAEETO, BESNAI13F—vEHHL. BB Fonyasy b 481
&Y ROHFEEZHEESARL Y ERI0EEICHTLEIFET,

JIAXAD AR T 7 E VA= ICERFE L CHHEY 2 [WNEXRIEE 1 5% (RAPIS-1) | (7 DOXEE
T EEH) & OHOBINEEE - ¥2—THy O TROBETHAIATLET, 4 7YAYAS
v A MOEHEFEEIT LT ICRCRLBFRO—DTY,

The "Innovative Satellite Technology Demonstration -1" is the first demonstration opportunity of the "Innovative
Satellite Technology Demonstration Program" to publicly invite private companies, universities, research institutions,
etc., equipped with 13 selected themes, and will be launched in JFY2018 from the Uchinoura Space Center by
Enhanced Epsilon Rocket No.4.

It consists of seven satellites: "RAPid Innovative payload demonstration Satellite 1 (RAPIS-1)" developed by JAXA via
consignment to Axelspace Co., Ltd. (with seven demonstration themes), and six ultra-small satellites/CubeSats.

It also one of the features that Epsilon launch vehicle challenges the first launch of multiple satellites.
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2.1 NEIEIFHE1SHE
RAPid Innovative payload demonstration Satellite 1 (RAPIS-1)

I&ﬂ%ﬂ%il%ﬁ@ivvay-%ﬁ

P Iyav

INRUESIEE 1 SH4I3, EFNEERNEIE 705 A CEESNAMRCER2HE L TEITE7-00
BETY, TODOERIMT—<Em - R Z2REREH L., RIET—VREEHNOLDERZZIFTTERZITL, EER
F— 2B L UOERERBOBIET — 4 %2BHL I, TORTERICLY. BAAOHEERNOERSSHE
ft. FEAAOILA. 41/ R—>avAIHEEELET,
(TODOFEHFT—<ICO20TIE2.1.1.1 2 Z8BLFEE W)

Tyvary: RERMRIHCERIEE - 1/ R—>a Y I[IOBH 3FEHEIL
1. WI2BWEBOMERS S - MiE - BEED L OBBRBRA L

2. BEOMBILABEUA /R~ 3 VA

3. WrmE YR M - HiHAS

> 45

INBIESEETE 1 SHIZ. JAXADWBEDENE - ERAAZRVFv—1¥ (MREHT7 78 ILZAR—X) (CEEF
L= TOEFTYT, [MEZRIIAL] TEAL REARETCHEFETS] J&ick), URZD
HAEBICHF YL ITERLSIC, UTO LS B EE ->~TWET,

B YNANREY T Z2B/HITA/ L—> 3 VG

TyvavR (EIHT VR BB LAXR (BN - BE - BRHES. ATEHEE L CORRRE
ANBERE LCRARARY IS¢, EREDI v a3 VRICRESNELLBEL, NRRICEEN
BRT B EEBHCECH>TLET, FIRIE, I v o arRICBERCHERENELD L, NRRIC
W IvyarvRoOEEBEL - Uty MUBBATONET,

W BIEHARRER

S50kgfRD/NEIBE DN ZAFMiAEN—RE L THET S 2 & T, MO TERE W25E¥) RSP HITE
FETITWET,

H BF A

Sy avBREDAVR—T7 1 —REARARVEELTEIET, TvarR - NRREICHBERH
FHEBELTWET,
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I Mission and Features of “RAPid Innovative payload demonstration Satellite 1
(RAPIS-1)”

» Mission
RAPIS-1 aims to perform orbital demonstration of the components and equipment selected in the “Innovative
Satellite Technology Demonstration Program”. Equipped with seven demonstration themes, the satellite will conduct
the experiments as requested for the demonstration by the proposers, and thus offers the experiment data and its
own environmental data. Through these demonstration experiments, we intend to strengthen the international
competitiveness of Japanese satellite technology, promote space utilization, and generate innovation.

(As for the seven demonstration themes, please see 2.1.1.1)

Mission: Demonstration in space toward significant improvement of satellite technology and innovation

1. Significant improvement of the global price competitiveness, quality and function of Japanese space
components

2. Facilitating the use of space and creating new innovations

3. Creating new businesses and new markets

» Features

RAPIS-1 marks the first case where JAXA consigned the manufacture and operation of a satellite to a start-up
company (Axelspace Co. Ltd.). The satellite is intended to “spring back to life” and not “not cause problems”, and has
the following features so that we can challenge the demonstration experiments with high risk.

H [solation Design for Survivability
Mission equipment and the bus system in this small satellite are designed independently, thereby preventing a
mission equipment defect from affecting the bus system. For example, in case of overcurrent or a reaction error,
the system stops automatically and then is reset.

B Ultra-Short-Term Development
Based on the experience of developing the bus system for a 50-kg microsatellite, the period from design to launch is

only about two years.

M Reuse
The interface with mission equipment is standardized, so as to enable smoother development.
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I T LRSI Launch Configuration

I #E LA On-Orbit Satellite Configuration
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BEABEM/ S N ILERE

Thin Membrane Solar Array Paddle MEREREE= X HAS

CaMeRa for Earth observation
(CMRE)

X#2-3GbpsZ I UV OBIET VT F
X-band Middle Gain Antenna

REFEHEKE Y c RZ—FF v h—
Deep Learning Attitude Sensor

TEDA (BUAIERD A4 EPEEH)
Technical Data Acquisition

JY—rT7aARZ Y MEER (/ XL)
Green Propellant Reaction Control System

RFIRILEF—ZART FAX—Z
Space Particle Monitor

EREZRATE=Z2h X7
CaMeRa for Deployment monitor no.2
(CMRD2)

EZXAAT
Monitor CaMeRa (MCMR)

HB/NEY - HEIGNSSZ S
Miniature Spaceborne GNSS Receiver
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2.1.1 #EHIv ar#EHR

Mission Equipment

EIEFT—< Theme of on-orbit demonstration

E=FEIFPGA

Innovative FPGA (NBFPGA : NanoBridge based Field Programmable Gate Array)

EIT—<% EHHIFPGAD M F B ERIE M BE B8 L 5T

REE BABESKEASE (NEC)

TyvaviElE HAEMBOERE (RFRAAvF :F+/7VUvP) ICEDIKEFRWFPGATH Y
ERZ AR’ OORERBEREZEZ D ATV IIARET, EEERERICET 2K
WY 7 b7 —DOREERINNS L, SEELEHIAIREL DORITHFPGAL LR L TH
KIBRIEHEEEAM., L ONEEATEELRFPGAD#E EEFF % 1T,

+i 28 x 28 x 3.4 mm

B5E 49¢

ERETE PARATLT Ty b7 — LR EMEE Bt

AEY

(SRAM) '
i = —o—
el JRFAAYF
(HEERYF) (RIREDIEINZH R -1YF)
NECH#{##

Theme name

An evaluation of space environmental durability of innovative FPGA on orbit

Proposing
organization

NEC Corporation

Outline of mission

The FPGA using the novel switch of NanoBridge will be demonstrated on orbit. The
configuration memory in conventional FPGA entails such drawbacks as soft errors and large
power consumption. NanoBridge based on a unique operating principle replaces the
configuration memory, thereby realizing an innovative FPGA that features high immunity
against radiation, low-power consumption, and miniaturization of the module.

Dimensions

28 X28x3.4 mm

Weight

49¢g

Person responsible
for implementation

Tadahiko Sugibayashi
Senior Manager of System Platform Research Laboratories
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Xy FERBEE X/ KRS

TTF

HXTX : High data rate X-band Transmitter”XMGA : X-band Middle Gain Antenna

EiFTF—< 4 X#2-3GbpsZ 7 v 1) v 7 BIEDEE FEITE

R HERS EERDKF

SyaviE BRI, BEN. BEROXEBES AT LTHY BAS, BIREAAEHR
HTEW, HIKEARFEL S CHHRREBEERED X H2-3Gbps& v v v 7 @fF
% i,

& XNy RESRBER : 250%206 %192 mm

XXy RepfBT7 74 ¢ $136.1x188.5 mm

g= XNy R ERiBERE 6.6 kg
XNy FepfIET7 > 77 0.6 kg

EEEEE KERV AT LTHA Y - 2T A2 MRAER B2 MIREEE ImPACT 7R 25 L
Bk K #HiR

HEEMEE HRAE AT E—. JAXA FEHREHRART EE LEX

DIMPACTIDYSL EEERAY /WIS, FEEPHRN

Theme name

On-orbit demonstration of X-band 2-3Gbps downlink communication

Proposing
organization

Keio University

Outline of mission

To demonstrate X-band 2-3 Gbps downlink communication from Earth-orbiting satellites at
the world's highest communication speed. This rain-resistant, power-saving, low-priced
X-band communication system offers extremely high frequency usage efficiency.

Dimensions HXTX : 250%x206x192 mm
XMGA © ¢ 136.1x188.5 mm
Weight HXTX : 6.6 kg
XMGA : 0.6 kg

Person responsible
for implementation

Seiko Shirasaka
Professor, Graduate School of SDM
Program Manager, InPACT Program, Japan Science and Technology Agency

Collaborators

Shin-ichi Nakasuka (The University of Tokyo), Hirobumi Saito (ISAS/JAXA)
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J)=v7aRsy MEER

GPRCS : Green Propellant Reaction Control System

Y —r7aR7 v MEEROBE ERIEER

TSR

DS N P

SyvaviE

HERITKO LN ZHAFICHIG L, NEREICE L - ESHEROBE EEFT,
1) ERMERAL  FENE - BukWER L

2) B3R+ REAMEOFER

3) EHEEN ERESICL ZHEENER

4) SHREHE  EBRESHH#HHAN (Hydroxyl Ammonium Nitrate) RESR

~Hi& 840 % 430 x 531 mm
B8 834 kg (HEHIEGL., rLEET)

EHEEEE MEBRAIR T LEKE M EHe EERER
HEE®EE JAXAFEH B2

©JSss

Theme name

On-orbit demonstration of Green Propellant Reaction Control System

Proposing
organization

Japan Space Systems

Outline of mission

Orbit demonstration of a low-toxicity propulsion system suitable for small satellites.

1) Improving operability : Improving working and handling conditions

2) Low cost : Applying low cost materials for the system

3) Low power consumption : Reducing power consumption due to propellant’s low freezing point
4) High spec propellant : High density and high specific impulse propellant

Dimensions 840%x430%531 mm

Weight 8.34 kg (including propellant, but excluding the panel)
Person responsible Noriaki Oka

for implementation Deputy Director of Research and Development Division
Collaborators ISAS/JAXA

-10 -
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WFIRNF—ZARI FPALX—2Z

: Space Particle Monitor

FFIRILFEF—IART bOX—XOEELFESF

FETS 27 L BIRA PN

RRTGHBADPRAEN LN EBERHFZREL THELL. RERRZEALL
N BB BaX b BWHTHIMELRERARE,

SrEE 102x132x46 mm (LHFEEE£T)
B8 0.81 kg
EHEEEE MEBRAIRS T LEXKE M e EERER

Theme name

On-orbit demonstration of Space Particle Monitor

Proposing
organization

Japan Space Systems

Outline of mission

Radiation environment measurement equipment utilizing consumer parts that feature small
size, light weight, low cost and short delivery for the emerging small satellite market.

for implementation

Dimensions 102 %132 x 46 mm (not including projections)
Weight 0.81 kg
Person responsible Noriaki Oka

Deputy Director of Research and Development Division

-11 -
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BHMERE Y - X2 T v hH—

DLAS : Deep Learning Attitude Sensor

FREFE LA LRtk Y - R4 -7 v Hh—DORFER

HRIEKRY

Sy a vHE

BRIEARFAGH - MKFEREREAVTRMABARZ— 7 v hH—B LUKt
VY EREELE, ARXREZ— b7y hH—FRBNBEFETOFEREZRELTHEY., BEL
ICTHRIEER D, BMERIIER. REMETZ2%21T5, HERHI X ZIFMBICEHERLE
PUTILBAIERWT, ERELEWS Ty PV TOEKRREEITL AR - 1B
ENHOFBANEIT), IHIC, BALEMET—2ZIEAL T, £2<HLLZEHESR
HEEDERIIERR % RIET B,

~is aAvhrA—532=y b :245x195x45mm, A AST=v b :107%193%116 mm

- —xX#215kg (WAF2E8%EL)
avhR—52=y b :091kg, HhATZ2=v F 10.62kg

EEEEE BXRYEFR AEB— BX

HEEEE HASHRDOF (B4 : B St Stray Cats’ Lab) . ERAF., AHEEIEA

ERBIRX LY R X —

Theme name

Development of Innovative Deep Learning Attitude Sensor

Proposing
organization

Tokyo Institute of Technology

Outline of mission

Kawai-lab and Matsunaga-lab at Tokyo Tech developed star trackers and Earth cameras by
utilizing the COTS devices. Small satellites below 100 kg are being targeted for the STT. In this
flight mission, in-orbit calibration, demonstration, and long-term degradation monitoring will
be conducted. The Earth cameras are used for in-orbit and real-time image recognition
experiments. Tokyo Tech developed a simple Al algorithm suitable for an on-board computer
that can roughly recognize land usage and plant distribution. The image recognition results are
also applied to demonstration of the brand-new three-axis attitude determination method.

Dimensions

Control Unit : 245 %195 x45 mm, Earth Camera Unit : 107 X193 %116 mm

Weight

Control Unit : 0.91 kg, Earth Camera Unit : 0.62 kg

Person responsible
for implementation

Yoichi Yatsu
Assistant Professor, School of Science, Department of Physics

Collaborators

Amanogi Corp. (formerly : Stray Cats’ Lab Corp.), The University of Tokyo, The Wakasa Wan
Energy Research Center

-12 -
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BEKXBER/ P

TMSAP : Thin Membrane Solar Array Paddle

BEEXKBEEL/ S RIS
JAXA

JAXABBREOHEBREMARA L, EDONZHLY Py FARARLELRLTL/3ICRE
L L 7= KFZEM/ 3L 5 i & AW o/ X PV OHE E TORBELEZ1T D,

& B : 2269 % 2829 X 252 mm

=1 12.2 kg
ERETE MARAEMAB-—MRLI=v b SR K. EFHERSE
HEEEE HAEIMASH, KAt v—7

B Wi
| ThInZhbhriFi

ERDKBE M/ SV SEIEFY 2 EEABER/ <RI
The existing solar array panel The thin membrane solar array panel
to be demonstrated

Theme name Thin Membrane Solar Array Paddle

Proposing JAXA

organization

Outline of mission On orbit deployment demonstration of a lightweight solar paddle system with thin-film triple
junction solar cells developed by JAXA.

Dimensions 2269 x 2829 X 252 mm

Weight 12.2 kg

Person responsible Mitsuru Imaizumi, Taishi Sumita

for implementation Research Unit |, Research and Development Directorate

Collaborators NEC Corporation, Sharp Corporation

- 13-
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BB - HEHGNSSZ{EHE Fireant

Fireant : Miniature Spaceborne GNSS Receiver

B - BEHGNSSEIEH OB AT

hERRFE

EHMOBEHACGNSSRERT —F 77/ F v 2 XN— |2, BNEFETCOFAICKREL
L7UIFRDOGNSSREHZ FHRIRTIEY 5 2 & = RERICHERT 5,

<+ 52x52x 11 mm

BE 45 g

EEEEE ITEMFEMEBIZR BEE AL £
HREAIEEE U = Vo e A b VN

/

Theme name

On-orbit demonstration of a space-capable miniature GNSS Receiver

Proposing
organization

Chubu University

Outline of mission

In-orbit testing of the world’s smallest and ultra-low power space-capable GNSS receiver
specially designed for nano-satellite applications with limited power and mass budgets.

Dimensions

52x52%x11 mm

Weight

45 ¢

Person responsible
for implementation

Takuji Ebinuma
Associate Professor, Dept. of Astronautics and Aeronautics

Collaborators

SensorComm Co., Ltd.

14 -
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2.1.1.2

LD (T NfifE % & & % 2

Equipment that increases added value of mission

NREEE 1 SHEKICIE, RIET—VOEABEZLIVEH 22BN T, JAXATHFELZZUTD 2 DDk
REH L. BEHINTPMELERIAZ Y R—FLTWET,

RAPIS-1 is equipped with two JAXA-developed components that increase added value of the mission.

NAESIaVEGRDAXT

Earth Observation Camera, Deployment Monitor Camera

BHESEA CMRE : #BRERI A X 5. CMRD2 : EHERHAT=ZXHXZ
(EFHIFPGADTYF HERIE I Re 88 b M AEHEER)

R FE RS JAXA (kXA - A — - TR, ARSI F/ NATv D)

= RERANINAEY 3 v 2BVLT, NEBEZ BV HIREAIER 1T,
/. BB ZAVT, TMSAPOERRKAZER LKA 2R T 5, I v a3 vilm
THHEFMFPGAZAWT, I L OMEEZ BB L TEBICEES 5,

& 150 x 160 x 45 mm

= 0.9 kg

Name of equipment

CMRE : CaMeRa for Earth observation
CMRD2 : CaMeRa for Deployment monitor no.2

Development
organization

JAXA (Advanced Engineering Services Co., Ltd., Shikino High-Tech Co., Ltd.)

Outline Earth observation experiment using small satellites will be conducted using a small-sized
high-vision sensor for commercial use. This equipment also monitors the deployment status of
TMSAP with Innovative FPGA (mission equipment).

Dimensions 150 %160 %45 mm

Weight 0.9 kg
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FHRSHRERIRE

Space Radiation Environment Monitor

EEIsZ TEDA (Technical Data Acquisition Equipment)

) R B8 JAXA (BEBSHMASH)

= NEIERHEE 1 S ORITT 2 HIRKESNEFHEBOBIHRIREOERA 21T, BHE
Brikzs (SPM) OLLBRIET—X#RHET2 L eI, BHEREIROEBFIRIEZH
LT B,
BT, TIXLY YTV IICL ZBERT A LF — KR ETA O#EER EOBE £
EIEHTTIo

<& 220x184x92 mm (W HII&EEY)

BE 3.2 kg

Name of equipment

TEDA (Technical Data Acquisition Equipment)

Development
organization

JAXA (MEISEI ELECTRIC CO., LTD.)

Outline TEDA observes the radiation environment of the flight trajectory of RAPid Innovative payload
demonstration Satellite 1, and provides comparative calibration data of SPM .
We will undertake on-track demonstration of improving the function of wave energy waveform
measurement by digital sampling.

Dimensions 220 x 184 x 92 mm (not including attachment)

Weight 3.2 kg
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2.1.2 HERTLEBK System of the Satellite

I BHarva—4% On-Board Computer

INRISREITE 1 5L, 2014F I T EIFon/- [1ZEL L 1 5] oo RFLZEICHEEINTWET,
Ty avRENIRHDAELRBRY ML LK EA-THEY, IVE2—REI vy a3 VRENRXRT
INZhEHINLTWET,
Ty avRoBHIOEa—4THBE [Tyvrarario—7] Tk, Tvya v #EBRodEHeED
HBe. T RXESETVWET,

RAPIS-1 was developed based on the “Hodoyoshi-1" microsatellite launched in 2014. The satellite’s mission system
and bus system are designed to work independently as much as possible, just like the on-board computers (OBC).
The satellite is equipped with a mission OBC and a bus system OBC.

The “Mission Controller” (or mission OBC) controls the mission equipment, distributes the electric power, and
obtains data of the mission equipment.

~

Syygrvavia—7
Mission Controller

I BWER Communication Subsystem

BEXRIE, HEALDIES (AT Y F) PHEOREZRTT—X (FLAMY) [ TvoavyoRET—
ZAEMELEPYEYTEBE-HDOY T RTLTT,

NRIEIIEE 1 B TIE, MREAH T 7L AR—IPB/NUFETCERBOHZEREEE LT, BHEDE
#l% 7 5 @EICIFUHFBE® (Ultra-High Frequency) . v ¥ ary7F—&ICEAT2BEICIEXTEFERL
9,

The Communication Subsystem is used to process commands from the ground as well as the satellite’s telemetry
data, and transfer the experiment data.

In the case of RAPIS-1, the UHF-band is used for controlling the satellite and the X-band is used for transmitting
mission data using the flight-proven transmitters developed by Axelspace.

- -
LV W

©Axelspace Corporation ©Axelspace Corporation
av v FEZEH Ty varvT—REEH
Command Receiver (X-Tx) X-Band Transmitter
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I TIEFR  Electrical Power Subsystem (EPS)

BERIE. BEOERPLUVRIET —VERRICKHELENARE - TR - eI 22T £ 7,
INBUEESERTE 1 BT, ABEESHEZREBE A SRXILOLSTOEICEYFITZARE (RTFa4~7 > bAR)
AFRALTEY., XBICHTI2FEDERBAHNEBTREICAWVSEETH, BEBFOVWINAOE TREE K
TBZEDTEDRD, YNANRNEY T4 S BN FT,

Ffo, Ty avRENIARTENEINHILOEBRERRZE L, AIRRTEARKEZITVWET, ThITLY,
RAPIS-1D#HHICHENT, I v avMBrTh>THNRZROBAHALNTE, £/, VRIHBIvY
AV TCHENRRPEETERDIENTEET,

The main function of EPS is to generate and supply electrical power to mission equipment.

RAPIS-1 has higher survivability thanks to the body mounted solar array that allows the satellite to continue
generating electrical power in case attitude control is lost.

RAPIS-1 has a separate mission EPS and a bus system EPS. This means that the bus system can be reused to
support other mission equipment in the successor of RAPIS-1, and can survive even if trouble occurs in high-risk
demonstration experiment.

Ty arvAREHIEHA—F
(M-CHG) Mission Battery Control Board

I ZENVEITH % Attitude Control Subsystem (ACS)

RBFERIT, BEOZRBHHZERL X9, NRENEE 1 S5, —HRALTEREZRH, GEDE
FACEIET—vERICHDELRZRAHEZITOE T,
ARZ—=FZvh—,eENE LY TlE, 2E0EREZERE L CTERNOEDMNERFRE T —XX—XLBRE
TEHZEICEY, BREICHEDESERXRELET,

ACS controls the attitude of the satellite. RAPIS-1 has a three-axis stability system that is required for operation of
the satellite and demonstration experiments.

The sensor known as a “Star Tracker” determines the satellite’s attitude with a high degree of precision. Star
Trackers obtain an image of the stars and measure their position by comparing the image with a star database.

space Corporation ©Axelspace Corporation
PN R ARx—=rZvHh—
Sun Acquisition Sensor Star Tracker
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2.1.3 #HEnEH Operation

NBISEEIE 2 1 BT, SRLET —VIREZEZFOERV /IR MOZMAHIOLEBRT—XOTYNY —F T,
—BLTAFEZNSITEIMLINZVXTLTERLEY,
INETOBETRZENZNDOEFIRIE> TWFEE, YXTLICKYVERLTSIET Ea—vV
I —DHBRCERDENL - EIX MAERRTEET,

ADODBEEV AT LE2DDZEREZBLIEARL— a3 VORNIERORD LS ICHRY, BT — <R
FlE, Tvvav U I IR T —RBEVRTLICEROY VTR M E2A YTy b LTHEDEITT, ERT
—REANFTBHIENTEET,

INRISEEERTE 1 SH#(13. UHFR EXFEICK Y, W ERBEDBEAZTVWET, XFlEIvrarvr—K2n&Y
YUy, UHFRIE x>y F7y 7 v o 8L "I ZXF—EV S HK) TLAMIZT Y > JICH
Wonxd, TNEFNOMERIERY F7—2%2 N LT, BREYATLAICERINTEY, AL —X(3E
Y AT L% N L THKT — X OEUS AR XFDOY FILEZA LE=ZR%ETWET,

BEEIOT Y b ORISR, MEBLOBELTILAREBNZHERIHIETI/YTAHLT = —
XEBRTL. W1HrAM. VRER7z—X ¢ L (HEEHKSROF v /77 bE2TVET,
TRTCDF v I 7T HRTTBIETHER 7 —IAHRT L, ZORDEEER7 =t —XT. &
BB OBA T — X PEBRT -2 ERMBLET,

RAPIS-1 consists of four systems and two ground stations. The ground system of RAPIS-1 employs highly automated
processes to handle all the procedures from planning the schedule to delivering data without human interaction.
The Automatic Operating System prevents human errors, thereby saving labor and reducing cost.

The operating procedure is described below. Proposers of the demonstration submit their requests and receive data
through a web interface called the Mission Request and Data Providing System.

RAPIS-1 will communicate with the ground stations by using the UHF band and X band. The X band is used for the
downlinking of mission data, and the UHF band is used for uplinking commands and downlinking housekeeping (HK)
telemetry data. Each ground station is connected to the operating system via the network, and operators conduct HK
data acquisition and real-time monitoring in the visible path via the operation system.

After separation from the launch vehicle, RAPIS-1 will complete its critical phase when communication with the
ground station and sufficient generated power are confirmed. The checkout of all satellite equipment about a month
later will complete the initial operation. The observation and experiment data of each device are to be acquired in the
nominal operation phase.
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NI
X b

A A
UHF&#E LR X&iH R
UHF-Band Ground Station X-Band Ground Station

TLXAN)TF—&

. Telemetry data
avrrFr—4%
Command data

RIET—4 AT a—ILEER
Received Data Receiving Plan

AT a—ILiER
Receiving Plan

<
—)

Yy Tk A
Request

L

ERERT—X D=y §
Experiment Data Request

ERERT -4

Experiment Data
YoTXb
Request

Mission Request and
Data Providing System
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~S

2.1.4 FEHT/HEERTYa

—JL

Main Characteristics / Development Schedule

| o x72zmmn

Main Characteristics

THEFasry b bl 7oAy b
Launch Vehicle Enhanced Epsilon Launch Vehicle
515 M 2 T B 22 FI &R A A
Launch Site Uchinoura Space Center
T E S EsEA SERL 30 F£E

Launch Timing JFY2018

AbREA#E

Sun-synchronous orbit

B .

Attitude 50020 km

BB 97.24+0.2 deg
Inclination

22 BB KBRS
Local Sun Time at
Descending Node

9:30%= 15 min, -0 min

RTrqa<7 v bRAKBERELEET 575
Box type with body mounted solar cell

1022 x 1082 %1060 mm

Attitude Control

B oy Seation (BEBHEDH, BRHHE/ RRMLIAELL)
y (Structure only, Separator/Protrusion not included)
&K 200 kg
200 kg max
=EHlE IR, ABER. BEMS T v F T
LB FAEYDEE—NR)

Three-axis control (Earth-pointing, Sun-pointing, ground
point tracking, despin modes)

RARFEE 300 arcsec LN (FEERFRH 0.2 sec)

Attitude Stability Within 300 arcsec (allowed time of 0.2 sec)
INRER #9100 W

Bus system About 100 W

Syg U 9 100 W

Mission system About 100 W

VEERB LUV ESER 1 £, RPAERA1E

Initial Operation and Regular Operation 1 year + 1 year
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I BRIy a— Development Schedule

H28 (JFY2016) H29 (JFY2017) H30 (JFY2018)

5(/6|7|8|9|10(11|12|1|2|3|4|5|6|7|8|9|10|11|12|{1|2|3|4|5(6|7|8|9([10|11({12({1 (2|3

TAIR b=

Milestones YRFLCDR | YRFLPOR A4y h~BlEL

© System CDR :System PQR  Delivery to launch vehicle

syvavim | K ki
Mission Equipment | 7~ V3&7E M BIIEL |
ThemeSeIs;ctiom : FM DeI!veryE
LT SRR s
Design : : : : : : : : Critical Design Follow-up Design

FRFEEER

Development Test

EM - STM 84¢¢ /
E

M Manufacture/Tests

wi21sAS
o (DN ANG i3

A A P C o IEYE
PFEM A R N i Manufacture
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2.2

BNEEE

Microsatellite

K 74 = 1 = %

MicroDragon

EIT—~4 BAFTEENOHERRIBTZEBICLVEENBB I OCBATISZILKRT 27200
HERERI~ A 7 O/ E
R =R BERXDKF

1) BEYVE— by vy

2) T7AVILREYE—bEVYI VS

3) FELLAZRDLOHESR (FOGE) D#E EEF
4) EERHIEFAATOO—T 4 ¥ 7 DML EIE

& 50 x50%x50 cm

BE 50.5 kg

EHEELE KREBRESRFLTHA Y - w2V XY MR 95 A %D

e ES ERAY. HAY. LBEARE, AMTEAE, UNSC (N bFL)

Theme name

Earth observation microsatellite for expanding satellite usage and overseas markets by
supporting satellite development education for overseas emerging countries

Proposing
organization

Keio University

Outline of mission

1) Remote sensing for ocean color

2) Remote sensing of aerosol

3) On-orbit demonstration of improvement from Hodoyoshi bus systems
4) Measurement of ATO coating for antistatic degradation

Dimensions

50x50%x50 cm

Weight

50.5 kg

Person responsible
for implementation

Takashi Maeno
Professor, Graduate School of SDM

Collaborators

The University of Tokyo, Tohoku University, Hokkaido University, Kyushu Institute of Technology,
VNSC
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i

‘ sESA
//

'-Hmno"

BNEBFEIEE (4 XYy b

Rapid International Scientific Experiment Satellite “RISESAT”

RIT 7% DEMDRREER XY MIVIRGRITOHEILIC & 2 #FTRMEKRIB R R R MOKEIRSE
Mm% DA & BNTENBHISOIK
1RZEHKES BRALKREF

SyvavE

1) SAMRER LT ZRY FIVE

2) MENRYRT L (ERBHEFR) OBFIEEE
3) HBIERR

4) ERSEPEN

null

i 50 % 50 X 50 cm
£ 59.3 kg

ERETE TEMER FER B HEHR

HEEEE EERF, BRBEMFTEE,. RREMKF, @HIEXEKRFE, RBEILPRKFE,

BEEIRMIATE, FrIIRKFE, RSP EHHKIAT

Theme name

High-resolution/multi-spectrum Earth observations and development of agriculture, forestry,
fisheries and mining markets for expanding overseas satellite utilization communities

Proposing
organization

Tohoku University

Outline of mission

1) High-resolution/multi-spectrum observation

2) On-orbit demonstration of attitude control system
3) Optical communications experiment

4) International scientific observations

Dimensions

50x50 x50 cm

Weight

59.3 kg

Person responsible
for implementation

Toshinori Kuwahara
Associate Professor, Graduate School of Engineering

Collaborators

Hokkaido University, National Institute of Information and Communications Technology,
Tokyo University of Science, Fukui University of Technology, National Central University
(Taiwan), National Cheng Kung University (Taiwan), Czech Technical University in Prague,
Nakashimada Engineering Works, Ltd.
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ALRNEREEE [ALE-1]

Man-made meteor shower Demonstration Satellite “ALE-1"

MEREMHEEZ B W ATRNEDORBRATREN & TIHME ORI

A SHLALE

1) ATRNEICETAIVR—T A XY b& L TORMIRIE & iR DRI
2) AIFNE#FBL. SBAKOEE. A. OS5
3) ATRNEDEEAICL ZTEOE L REDIER

ik 60 x 60 x 80 cm
8 68.0 kg

ERETE M5 fLx AR ERHR

HEEREE HibKZE, BHAFERR. BAKXKZE, #R/IIIRKXZE

Theme name

To verify the feasibility of generating man-made meteor showers at specified locations and
times, and produce man-made meteor showers of a sufficient quality for commercial use
(marketability)

Proposing
organization

ALE Co. Ltd.

Outline of mission

1) Verifying technology as entertainment using man-made meteor showers and verification of
marketability

2) Observing the density, wind, components, etc., of the upper atmosphere by using meteor
shower particles

3) Understanding changes in orbits and phenomena due to the re-entry of meteor showers

Dimensions 60 %60 %80 cm
Weight 68.0 kg

Person responsible Lena Okajima
for implementation CEO

Collaborators

Tohoku University, Tokyo Metropolitan University, Nihon University, Kanagawa Institute of
Technology
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2.3 ¥a—7Hv} CubeSat

SHEERBAREII3UX 2 — 7% v b [OrigamiSat-1]

Multi-Functional Deployable Membrane Structure Demonstrator “OrigamiSat-1”

3UF 2 —7Hv bck 2 e EERREBEY OFEHEIE
ERIEKRZE

1) 7—b - REAMEIC L5 [SRERBEME] OFEET
2) 20+1UH A XD [REET S v b 74— L] WgEE PHRIE
3) 5.8GHz7 ¥ F a7 ERICL B EEX T U 7 EUHFERT v T FRME

~tE 10x10% 34 cm

5E 4.1 kg

ReEEE TEBREmR R HEHIR

HEAEREE HAXZE, ¥ht - 7Ty 7tkkett, A7 LYY —F

Theme name On-orbit demonstration of Multi-Functional Deployable Membrane Structure on 3U CubeSat

Proposing Tokyo Institute of Technology
organization

Outline of mission 1) On-orbit demonstration of Multi-Functional Deployable Membrane Structure
2) Construction of 2U+1U sized experimental platform
3) High-speed data downlink in 5.8GHz band using on-membrane UHF antenna

Dimensions 10x10%x34 cm

Weight 4.1 kg

Person responsible Hiraku Sakamoto

for implementation Associate Professor, School of Engineering, Department of Mechanical Engineering
Collaborators Nihon University, Sakase Adtech Co., Ltd., WEL Research Co., Ltd.
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BEHERM=EIAEZ [Aoba VELOX-IV]

Lunar Exploration Technology Demonstration Satellite “Aoba VELOX-IV”

EIFTF—< % N—F—FRS5A4Y v 7a—gEx2BHK L. NILRTFITITRTXEIZLSBCubeSat
DERE - EFE - BERARBREKRSREA X 7 DXL
RS HERS MRS

1) WILRTFFTXTRFTRAE (PPT) ICLKBDE—AVRLEVEVS
2) PPTIC & 2 Eh@E ]
3) BREAAT TOMKBOBEEBAIELRRIEZE

& 10x10x22 cm
= 2.6 kg
EEEEE FEHRERM K bV — HEHE B
HEIEEE UHR—LABFEIKRE (NTU) . BBEMKHIAF (NCKU)

Theme name

On-orbit demonstration of the attitude/orbit control and low-light camera for lunar horizon
glow observation

Proposing
organization

Kyushu Institute of Technology

Outline of mission

1) Momentum dumping of Pulse Plasma Thruster
2) Orbit control by Pulse Plasma Thruster
3) Take Earth-rim and the Earth night images by low-light camera

for implementation

Dimensions 10x10%x22 cm
Weight 2.6 kg
Person responsible Mengu Cho

Professor, Laboratory of Spacecraft Environment Interaction Engineering

Collaborators

Nanyang Technological University (NTU), National Cheng Kung University (NCKU)
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7R F 2 7 RERKNEILGHE [NEXUS]

Radio Amateur Satellite “NEXUS”

HiTF—< 4% KRR T < F 2 TEHEBEHMOE

IREEHERS HAKRZE

SyvarvE BEOT7YF1T7HEL) GRLFEBECRIFAURAIATZRHBL, 7vFaT7E
BRICK BCubeSatfl®., HIEBEZRET 522 L T, FERHNMEE. FEBER
h ERSREES GEREEXORELRT

Sigs 10x10x11 cm

5E 1.3 kg

EETE BTZHMEFEIZR ZE ET 28

HREEE HAT7~F2T7HERERS JAMSAT)

Theme name

On-orbit demonstration of next-generation amateur satellite communication technology

Proposing
organization

Nihon University

Outline of mission

Aiming to expand the use of amateur satellite communication, we demonstrate three kinds of
transmitters developed by JAMSAT.

Dimensions

10x10x11 cm

Weight

1.3 kg

Person responsible
for implementation

Yasuyuki Miyazaki
Professor, Department of Aerospace Engineering, College of Science and Technology

Collaborators

Japan AMSAT Association (JAMSAT)
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¥ #TEF  Launch

NREFE 1 S# BHROBNEFESLUF2—T7Yy bME, BB 700y MK VERS
BICHBIAXADACHEFHEZEMS AL oI EToNE T,

RAPIS-1 (including the ultra-small satellites and the CubeSats) will be launched by Enhanced Epsilon Launch Vehicle
from the Uchinoura Space Center, located in the southern part of Kagoshima Prefecture.

I ITEIF&DERY -7 R Launch Sequence

TR, NEERIMFE1ISEIEINT Y A ODBELBAEICRAIN, NZROBREHLIPAY £,

F3. VT A A7 —XTRBELENOERZERLET., Z0k, VEHER7 1 —XHHEBI N,
RHOK LERN T TNANRROBEEZHERLET, TOFRTIE, BBV YBLUVRBTI/F2IT—520
BERERZIBERIT - /-8, ZHMEBRTEEMHEILET,

BlEHWT, WERF S v F v IR BEIT o7, T vy aryROBEMERHIHBIN, NXFRIVEa
—REDEEAERL, SvarEBRICICHBEINVEEF v 77U AT EIFR 1 HABRERETER
LET, 20k, THEERABITLET,

After RAPIS-1 separates from the launch vehicle, the bus system is activated.

At the beginning, in the critical phase, we check the status of the communication system and the electric power
system. Then we check the bus system for one week. During this period, three-axis stability is set after checking the
operation of the attitude control sensors and attitude actuators.

Next, we conduct a tracking test of the ground stations. After that, operation of the mission demonstration begins,
with the link of mission equipment to the bus system and initial check of each unit of mission equipment being
confirmed. All these procedures are performed for one month after the launch, and then we proceed to the next step
of nominal operation.

I AREFE L RL 5 /DERE DR

Small Satellite Features Compared to a Large Satellite

REBEDGZEITHEBNOLNAREL, FTLTFET CICKBEER/ SN LEZEERGICAITAVEEBAIET
7. ERARYT CICEBNICERE T=MEDEIPKEEL/ S FILORRBZITVWET,

—7h. MNEERIEE 1 SEOBEIE. BEDOKRT 1 ICHEONARBEBICK Y BRARDOEBICERE <
BHEZHRTES/D, ATy FhooER, LROLS5IC1 ATy 7T OBRBLALN LERZHBOH TLE
7,

In case of a large satellite, its solar array paddles must be set toward the sun soon after launch so as to supply
electrical power. Therefore, three-axis attitude control and deployment of the solar array paddles are automatically
conducted in sequence in a short time after the satellite is placed in orbit.

In contrast, RAPIS-1 can be supplied with stable electrical power via the solar panels covering its body. After
separating from the launch vehicle, the satellite will start the operation while confirming the process step by step.
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7 H— LB RAPIS-1 {REIEE

Decal RAPIS-1 Vibration Test
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MicroDragon ZAFIvo/NZ v 28R ALE-1 74y bFzvy
MicroDragon Dynamic Balance Test ALE-1 Fit Check

Aoba VELOX-IV RISESAT E=rF4alER
RISESAT Mass Properties Test
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Japan Aerospace Exploration Agency
Research and Development Directorate

2-1-1 Sengen, Tsukuba-shi, Ibaraki 305-8505
PHONE +81-29-868-5000

JIAXA R — LR—3
http://www.jaxa.jp

REAFREFT FIOEERINTEI 1 SHE~—>
http://www.kenkai.jaxa.jp/kakushin/kakushin01.html







