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Concept Study Report

BUSIRET =

Date ,,, version ***

1. Science goals of the mission [1-1-1]

SyvavoER
The science goals of the proposed mission concept shall be described in one sentence in relation to
the big pictures of the relevant broad science area (e.g. astronomy & astrophysics, solar/planetary-
system sciences, and space engineering).
ZENE (T THFHEERXE - FEYEY, KEREY - XERY, FEIFEL-7KE
BHNEODE) OREZLEMNEROFTIREI v a v RAEITRENERZ 1 DOXTERT
52 &,

To help understanding the differences and the relationship among “science goals”(section 1),
“science objectives” (section 2), and “science investigations”(section 5), we quote the sentences
from NASA explorer program AO 2016:

“A goal is understood to have a broad scope (e.g., discover whether life exists elsewhere in the
Universe; discover how and why the Earth’s climate and the environment are changing), while an
objective is understood as a more narrowly focused part of a strategy to achieve a goal (e.g.,
identify specific chemical, mineralogical, or morphological features on Mars that provide evidence
of past or present life there; understand and improve predictive capability for changes in the ozone
layer, climate forcing, and air quality associated with changes in atmospheric composition).
Proposed investigations must achieve their proposed objectives; however, the investigation might
only make progress toward a goal without fully achieving it.”

2. Scientific objectives of the mission [1-2-1]

Ty varvoRFEE
Science objectives of the mission concept to achieve the science goals shall be described. The
objectives is written to levels that allow comparison with previous, underdevelopment or under-
investigation missions
REIVvVavOERLD, BEDI vy a v CBANEZEOT-HAETDH S WITRTFORET S
TyiaveRAgELL LA T L, BEENELTERT S L,

3. Rationale for the scientific goals and objectives
Ty aroilFEEELBRORI

3.1. Scientific background, status of the relevant scientific area, etc.
MENEERORI : IROE R, AEPFORERKR, F
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3.2. Goals and objectives: new scientific steps the proposed concept aims to achieve in the science
area

RETDIv > aryaAvE7 FREZIDFICRICELLOZIETHDH

3.3. The compelling nature of the proposed mission concept and its relationship to past, current,
and future other investigations and missions.

RBEITZIyvyaryarye S boEibds, BE, RO v 3y, HE-FEEE
D%

4.  Launch constraints
4.1. Target launch date and rough schedule [18-1-1. 18-2-1]

HITH L LT e RKEN BRI 12—
There are two launch slots in the present AO. Which slot the proposal aims at shall be mentioned.
Rough development schedule with the target launch date shall be described.
SEDODAETRHEICEVWTWE Z 20 b EIFAO0y bOFRDELLEZHITON? ZDFH E
FZAY FEHILT, BREWGHAREICELKRENLBARI T Y 2 —LZEhd 5T &,

4.2. Schedule impact on science [18-3-1]

FRRXTY 21— ILORERRENDFE
The possible impacts on the science outcome by deviations of the project schedule, and the possible
impact on the total project period by the deviations of the development schedule shall be described.
ATV 2a—NVDEADNY A T ZARRICEZDFE, BFEXT V21— IVOEFHN I v 3 VHAR
IC5EZX2FE, TNTNOFMERZRLLRT S5 I &,

4.3. Constraints from the launch vehicle (launch performance, envelope etc.) [13-2-1]
b EIFFEL L OFIK (FTH Eifeeh, BHIT o —774Y)
Constraints from the launch vehicle likely to affect the mission architecture shall be listed.
Ty avT—FTI0FVICEEBEEZ5FREDOH LT EFFENODOHEINEY X T BT
Eo

5. Scientific investigations of the mission [3-2-1]
Ty arhERYTLMR - RE
The investigations which the mission will pursue to obtain the scientific objectives shall be

described. The investigations are described in the level of experiments, observations, and analyses
The performance requirements, e.g quality and quantity shall be given quantitatively.
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Ty varvoRFENTERT H7-HICIvarERST L0 BIRIL, EET 5ER - &
A2 ETHEDDD) &, TOURER (RE, BHE) zHELLTEXD L,

5.1. Rationale for the investigations [3-2-2][1-3-1]

Ty arshERT HHR - REORM
Rationale for the investigations shall be shown with rudimentary calculation & computations. It must be stated
clearly how the scientific objectives will be satisfied with the investigations.

Kied 2K - BA - 2MORUIPVENLEHE - RBEL VL EICE>TREN, TS ->T
PFEENDNED L S IERAIREENLI A ZRLTWD T &,

6.  Instrumentation of the mission [5-2-1]
Sy a v CERTIEE
This section shall describe the instrumentation and the rationale for its selection.

6.1. One sentence description of the technology to realize the investigations [5-2-1]
EHEY 2EER - SR - HMA L2 ERT ZEM(LI X TRAT S &)

6.2. Comparisons of the selected technology with other technologies [5-2-2]
EeT2ER - 8Al - oA EERIRT H5HE - KITICOWT, MoRd, & &k CFELEIN
E DL

6.3. Major flight / ground trades [6-3-3]
BEsE/ M EROFELBEEI B O
REESRE M R, TNITNTERTNEZHEOLLBRIRFIERZFLART %,

6.4. Data to be returned in the course of the investigation (= mission data): telemetry data, sample
data etc. [2-2-1]
Ty varv TERYTET X, TLAMNI—T—%, ¥ TUEE UTFIvyarsT—%)
This subsection shall describe the data to be returned in the course of the investigation.
The relationship between the proposed data products and the scientific objectives, as well as the
expected results, shall be described. How the science products and data obtained will be used to
fulfill the scientific requirements shall be described.

Sy a v CEBTALAT—X%FEARL, FNAI v yORFEHDN, BondEREEDLD
BERICAE S TWANEBRIEIZTEI L, 0I5, T—XRE2EDEHICHWTHRZENZERT
DN HERT B &,
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7. Scientific traceability matrix (draft) [1-4-1]

BEML—HEUTAT ) v IR
A draft version of traceability from science goals to measurement requirements to instrument functional and
performance requirements shall be shown in a table format in this section.

Ty avoEIENTORE BFEELUVIF) OXKBMICBIT2ERND, BEI v 3T
=Y HER - B - oA SICKY T2 EEE LRIFEREREE1E 5 F TO Traceability Matrix
(FREATEZOND) ODRZ 7 hEZhRT 5,

8. Threshold science mission (draft) [1-4-3]
RIERIER L R I NIE7R o WEZ output D K7 7 b

The draft version of performance requirements necessary to achieve the minimum science
acceptable for the investment shall be described in this section.

REI Y>3V TEETHIER - 80 - 2 ALSICHEWT, RIERERL A ITNIEE S ARULEE
output ' Rd 2 &, (XD output AERINAENIE, T varvERETIEELILL, )

9.  Gross characterization of space environment [3-2-3]
v arEERYT 2FERERE
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Table: Science traceability matrix

Science goals | Science Investigations Instruments Mission data
objectives requirements
Physical Observables Design Requirement
parameters Parameters

This section shall describe the present understandings of the space environment in which the
investigations will be taken place, and the space environment the spacecraft will experience in the
mission life.

KT 5EER - A - 9MHAEREINITFHIRE, FEENI v a vy IA4/T7%2BL TRET S
FHEBEIZOWTDOERR

9.1. Identification of planetary protection requirements [14-2-1]
Planetary protection ™ 523

In this subsection, it shall be described whether planetary protection is necessary and its basic requirements if
necessary.

REREOLEMEL, DEBTHL2HEEZDEARERERLLT %,

10. Draft requirements on spacecraft system [4-2-1]
FHE (B2 - BEW AT L NDHRF/T A=K - HEEERDOFZ 7 b
Spacecraft design parameters and performance requirements shall be listed
TyvavoORFENTENRT 27-OICEFINIFTEE (B2 - BEH) X T LANDKRE/Y
TA—=R HEEERNY X M Tnbd Z &,
Example of spacecraft parameters:
(@) Structure design
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(b) Thermal design
« Temperature requirements in every operational modes
* Temperature control approach (i.e. passive vs. active)

» Special thermal design considerations (e.g., cryogenic instrument requirements).
(c) Power

* Expected power requirement for each mission phase

¢ Minimum power capability needed to meet all requirements

* Battery sizing and worst case battery Depth of Discharge (DOD)
(d) Propulsion (if required)

* Delta-V budget

* propulsion type(s) and specific impulse
(e) Attitude determination and control

* Attitude control modes

+ Attitude control requirements for the spacecraft pointing control, pointing
knowledge (at the instrument interface), pointing stability, or jitter

* Attitude determination requirements
* Requirements for other modes, e.g. slewing or scanning

* Requirements for safing and/or contingency modes; sensors and actuators used in
these modes.
()  Telecommunications,
(99 Command and data handling

 data storage unit size (Mbits)
* maximum storage record and playback rate

* spacecraft housekeeping data rates for nominal and safing strategy
(h)  In-flight fault management,

11.  Comparisons to similar spacecraft systems[4-2-2][4-3-1]
BEDORELIR Y R T L& DL
This section shall describe comparisons with previous similar spacecraft systems. Unique features
of the proposed flight system architecture shall be described if any.
WEDELUGR Y AT LEDERERL, INETICAWEELH2GEITERRTEHI &,

12. Mission operation profile [6-2-1][6-3-1]

Ty vavERARE
This section shall discuss the mission operation (science observing/experiment) profile, including
all mission-relevant parameters, such as orbit, navigation accuracy, operational time lines (including
observing/experiment periods, data transmission periods and techniques, and time-critical events),
etc.
The following elements shall be addressed.

* Ground systems and facilities, including supporting ground software required for
development and testing;

» Telecommunications, Tracking, and Navigation
 Description of approach for acquiring and returning critical event data
* A high-level operations plan, including nominal sequence planning and commanding.
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It must be shown how those parameters are derived to assure science objectives.

5 - HE - AR EEFEIRTZ-DICRELR Iy a VERAMEEZRT I L

Ty arvERAHEAI v a v ORFEEND O EDEL DI ICEFINTVINRETHS I
Eo

13.  Key technologies [8-2-1]
FERMESR
Key technologies of the investigation and technologies for which development plan is needed shall
be listed.
FERMNERE, ARV LELGENERZ Y X MLT %,

13.1. Assessment of uncertainties in technologies [8-2-1]
IR EEEDKELRERD Y X ML
Technologies with large uncertainties shall be listed. Examples are any new technologies/advanced

engineering developments, any nontrivial modifications or upgrades of existing technologies, any
validation of heritage technology, and non-standard test facilities.

13.2. Assessment of heritages [10-2-1]
B R o E RS
If existing technologies are used in the proposed mission, the status of the heritages, the conditions

to use the technologies, and the possible differences of the present and heritage missions shall be
identified in this subsection.

BERMNAFRT 258, FON)T—C0ReRn28BH% - 7027 b EFORTOBEERM
DFERBREME - 70227 FTOEBIRR, K varDlEREZRELNT 5,

13.3. Technical risk identification [7-2-1] and major risks [7-2-2]

B RO EEE) RVER
This subsection shall discuss risks in attaining science objectives, in particular, in the performances
of investigations, in developments of the instruments and flight systems, and in the mission
operation profile and the ground system. Then the major risks of the mission shall be identified
according to the discussion.

Ty arvoRFENERD Y RV E, RiET HER - B - oTOEET NS MR, The=x
BT 24k - 541, FEE (B - BEH) X774, B/ - #EROZNZThOEH
SOLREL, VRIVERZRHET I, UEICEDOWTI v avyEELRY X7 ER %5856
ERCRER
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13.4. Margins in major-risk items [8-2-2][8-3-1]

FREVRIVERICHT 2V -~
Approach for setting significant margins for the major-risk items and large -uncertainty items shall
be described. The margins in the JAXA engineering standards (JERG) must be recognized.
FEYRY, ENAEEEORELRERICH L THOLBY -V VREDERA %R T 5 Z
o ZTDE, IAIKABEDY =Y VDEZADRBRINTWSE I &,
The difference between “contingency” and “margin” should be noticed:
Contingency is the difference between the maximum resource value within the present uncertainties
and the current best estimation.
Margin is the difference between the maximum possible capability of a resource and the maximum

resource value. Namely.
Maximum possible capacity = (current best estimate) + (uncertainties = contingency) + margin.

14.  Cost assessments from similar missions [21-2-1]

BUI v arhroaX - OREREEE
This section shall include the estimated cost in all mission phases from pre-phase A2 to Phase E. It
must cover not only the flight systems (instruments, spacecraft bus, their development, testing, and
integration) but also ground systems. The basis of estimates, i.e. the previous missions referred to,
and the uncertainties of the estimates shall be shown.

15.  Trade studies among mission concepts
BEhBIvaryarye7 e trade off

15.1. Trade space [12-2-1]

Trade-off study X5

In this subsection, investigations and/or instrumentations which will be studied as reference shall be
listed . They may have different cost, risks, and programatic issues.

thE SR & L TETTNE, OX b - URXZ -programatic REREARL D I v a v ERAES
B 2 M B,

15.2. Trade studies [12-3-1, 5-3-2, and other various points]
PL—FAT7247 4

This subsection shall describe present status of trade studies.
Trade studies should contain the matrix of following points of view.

+ Different mission architectures, different investigations, different instrumentations, and
different fight systems, different mission operation profiles [3-3-1, 5-3-1, 4-3-2, 6-3-2]

* Cost [5-3-1, 21-3-1]
* Technical and programatic risks [5-3-1, 7-3-1]

* Present technical development status and possible development capabilities of domestic
and international communities, and appropriate partnership [16-3-1, 17-3-1]

* Key technologies which requires significant technical development [9-3-1]
* Auvailabilities and limits of heritages [10-3-1]
* Science data volume, data rate, and size of post analysis [2-3-1]
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« Science return, achievement level of scientific objectives [1-3-2]
Proc and cons are marked on each architectures studied from the balance among science
return/achievement, cost, technical and programatic risks [12-3-1]
A baseline architecture is selected from the above discussion [5-3-2]

ML —FFT7RET 4 DIRRAETZRT %,

16. Baseline architecture (draft)
R=RZAYT—=*%70F v (F77})

16.1. Subsystems and their dependencies [12-3-2]
Y7V AT LEZDOBOERDKFE R

In this subsection, elements in the baseline architecture shall be identified, and the dependencies of
requirements among the subsystems shall be clarified.

5-3-2DR—=RTA VT —FT 7 F v —%BRTHV 7V AT LEBREZZRAENLL, ZThod
FOEKRDIKGFREGREIITLEET %,

16.2. Risk mitigation [7-3-2]

) X 7 @ mitigation
Mitigation strategy shall be given for the major risks of the mission concept.
SyvarvoFERYRIERICOWT, mitigation BiEEA BHIT Z &,

16.3. Worst case analysis [8-3-2]

RET — R
The expected output of the proposed investigations shall be shall be shown for the worst and best
cases within the present uncertainties.
Ry ia ORFEHBZERT DO ERT 5 FER - B - SO0 LR LY, REE
P& Z & 7= worst case & best case FNZENICOWVWTRT Z &,

16.4. Space environment [3-3-2]
FHIRE

The present status of study shall be described for the effect of space environment on the mission
scenario.

FHERED, Iv Y avORBERBICBERAGTEEZLSA DD EDDEZEENICRITL TWSD
Z &,

16.5. Planetary protection [14-3-1]
REWRE
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Present plan for planetary protection shall be described if necessary.
Planetary protection " ZETH 2356, T DEEAHI OERZTET 5,

16.6. New ground system [6-3-5]
R £

New ground systems shall be identified and their function requirements shall be described.
RSB ER DM EZRZRATEL, £ OWEE - HEERZTLRT ST &,

16.7. Launch Vehicle [13-3-1]
ARCHbE:-

Consistency between the basline architecture and the launch vehicle’s capabilities and nose faring
volume shall be shown.

FH TN ET7 2TV ITROKREZICONT, BEFLTWE T —FT7F v &L DEAMEZ R
gL,

16.8. Mission instrument architecture [11-3-1]

v avrT—F%7I0F%
Components of the mission instruments shall be identified and their estimated masses shall be
shown.
KIET HER -8R - oA EDOERARERMAN—RT74 /27> T, TvravEsmry—F
TOFYEERTHERICONT, BEERBEHLVZECY X MZERT %,

16.9. Ground and flight verifications [15-3-1]

# - BB _EREEEED
Special requirements for the ground and flight verification shall be identified and described.
# k-8B EEEO CRHFRARIDESNVELRERZRE L, kT 2,

16.10. Acquisition surveillance: make or buy [16-3-2]
] l%
Items for which make-or-buy decisions are necessary shall be identified for the mission instruments.

N=RZ7AETHER-BR - B ELERETL2HE - KINoHFT, 7AY 7 ORER
ETHNBARET 2D ERTTI2LEZOHBEBZRET %,

16.11. WBS [19-3-1]
WBS
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Work breakdown structure from the project highest level to the top of mission-instrument
subsystem shall be shown.

7AY Il FREOBRERLRILAS, Ty a vy EBEMAETOWBS ZEHRT 5T &,

16.12. Cost evaluation [21-3-2]
OX FREL Y

Cost evaluation of the baseline architecture based on the mission and flight-system architectures
shall be described. The rationale for the estimation shall also be shown.

Sy arvEBLUOYRTLAT—FTIOF v —ICEOWCOR MNEHEEITY, ZORMICOWTH
WHWARBZ &,

16.13. Project Organization [17-4-1]

(il
PI, Science team, and major partner organizations shall be listed.
Pl, Science team, &4 /¥— b F — AR AZBHRT 5,

17. Technical heritages, technology development status and plan
BT~ T — 2 ERAMBEFERN & B FAETE

17.1. Rationale for TRL [9-4-1]
TRL 1R#L

This subsection shall show the rationale for the TRL of the key technologies and technologies under
development.

FERMERE, ARPLELGEMNERICOWVWT, RED TRLEL ZDRMETRT I &,

17.2. Technology heritage, development history and status
i~ U 7 —2 EEANRARERE RN

17.3. Technology development plans
KR FEETE
Technology development plans shall be described for Pre-phase Alb/A2, Phase-A, Phase-B,
separately.
FATBA#EtE %, Pre-phase Alb/A2, Phase A, Phase B [Z 1} TEEik$ %
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