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Preface

The Space Utilization Subcommittee met from 19 through 20 of May 1999. The
Subcommittee was chaired by H. Ohashi and W. Littles, who served as acting co-chair
in place of Mr. W. Trafton, who co-chaired last year's meeting but was not able to

- attend this year's meeting.

The evaluation topics presented from NASDA this time were the Japanese -
Experiment Module (JEM) risk mitigation activities and the H-IIA Transfer Vehicle
(HTV) design enhancements. Also, the implementation status of NASDA's actions
taken in response to last year's recomrnendatlons were reported, on which the
Subcommittee provided comments.

All of the meetings were held in Tsukuba at the NASDA Tsukuba Space Center.

fitr D Qe .

Hideo Ohashi Wayne Littles

Co-Chairperson Co-Chairperson (Acting)
Evaluation Subcommittee for - Evaluation Subcommittee for

Space Utilization Space Utilization
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1. Introduction

The Utilization Subcommittee (Appendix A) met at Tsukuba Space Center, National
Space Development Agency of Japan (NASDA) on May 19 and 20, 1999.

The primary objective of the subcommittee was to evaluate the appropriateness of
NASDA's plans for the following research and development themes.

1) JEM Development Risk Mitigation
To evaluate JEM development risk mitigation activities by incorporating the
subcommittee's recommendations from 1998 and NASA-NASDA coordination
results to minimize potential on-orbit problems.

2) Reinforcement of HTV Development Activities
To evaluate reinforcement of HTV development activities by incorporating the
subcommittee's recommendations from 1998 and lessons learned in the ETS-VII
mission, to ensure its successful development.

The subcommittee also assessed and provided comments on other major actions
assigned in the 1998 meeting. To accomplish this review, the subcommittee was
presented the following:

1) Environments of NASDA activities after the first meeting of the subcommittee
2) Activities of the Office of Space Utilization - -

3) Implementation structure on JFY 1999 including budget, personnel, and
organizational structure

4) Activity status and future plans of each project (Ten projects reviewed in 1998) '

The subcommittee was provided data, presentations, and answers to submitted and
real time questions by NASDA. The subcommittee was also provided the following
report which was considered in our evaluation: Materials for Submission to The
Subcommittee for Space Utilization, May 1999.

2. Overview of Evaluation

NASDA is to be congratulated on its continued excellent progress in the conduct of its
projects. The following key activities are particularly noteworthy: 1) Continued
successful development and preparation for ISS operations. 2) Completion of the
Cosmic Radiation Environment Measurement Projects with experiments on STS-91.
3) Flight assignment of Dr. Mohri as a mission specialist on STS-99 4) Completion of
the Joint NASDA/NASA/ESA mission on STS-95 5) Launch of Space Experiment
Sounding Rocket #7 and conduct of experiments 6) NASDA selection of three
astronaut candidates in February 1999 for International Space Station.

The committee has taken special note of NASDA's ability to remain within budget
approved for space station more than a decade ago. This is exceptional by any




international standard in the space domain, particularly in the light of changes in
requirements and schedule by international partners, over which NASDA has no
control. It is noted that some overcharging by a few contractors was reported by
NASDA to the committee. The subcommittee expects NASDA to continue with its
steps to eliminate all inappropriate expenses in order to safeguard its enviable
reputation on cost control.

It is noted that the budget augmentations required for JEM are driven by new
requirements imposed by the Space Station Program. As noted in the following
section of this report, the subcommittee fully supports the new initiatives reflected in
the R&D themes. While budget augmentations are necessary to implement these
changes, their importance are such that the subcommittee places them in the category
of mandatory.

The subcommittee acknowledges exceptional progress in establishing action plans and |
implementing changes in response to the subcommittee's 1998 report. Specific
comments are provided in section 4 of this report.

3. Evaluation of R&D Themes
3.1 JEM Development Risk Mitigation
NASDA's Action Plan

For the JEM development risk mltlgatlon, the followmg action items are established.

a) Cost and Schedule =

* NASDA will consult with related organizations and take the appropriate actions in
case of budget shortage, in spite of its best efforts to manage within the approved
budget.

* NASDA will endeavor to secure experiment opportunities before JEM launch if
JEM utilization is delayed.

b) Software Development

* To avoid serious software problems in the PFM phase, software problems
experienced during the EM component tests and the total EM system test are
resolved, properly corrected, and reflected in the PFM software.

* The interface verification tests between ISS and JEM will be jointly conducted
with NASA to ensure JEM software compatibility.

c¢) ISS-JEM Integrated Verification _

* The integrated verification tests between ISS and JEM such as MEIT will be
jointly conducted with NASA to mitigate on-orbit failure risks.

Evaluation

The JEM development risk mitigation plan proposed by NASDA is appropriate and
should be fully implemented in each of the areas of cost and schedule, software
development and ISS-JEM integrated verification. In order to ensure complete ground
verification of JEM to meet International Space Station Program and NASDA
requirements, reduce risk of on-orbit failures, and accommodate a one-year schedule
delay, NASDA should consider increasing the resources (i.e., personnel and funding)
assigned to the Space Utilization Office.



Actions and plans being implemented in the area of software development and testing,
as a result of last year's recommendations, are deemed satisfactory and the added
MEIT 1 integration test is appropriate.

3.2 Enhancement of HTV Development Activities

NASDA's Action Plan

For the enhancement of HTV Development Activities, the following action items are

established. :

* To develop and operate a safe rendezvous and docking system, enhance the
organization and personnel assignment, utilizing ETS-VII and JEM development
experiences effectively. ,

* To reflect the experience in ETS-VII on-orbit operation.

* To conduct the check and review by the international sector for design and
verification plans.

* Actions to assure the success of on-orbit testing of demonstration test flight.

* Study of countermeasures for a demonstration test flight failure.

Evaluation

The review of requirements associated with safety and operability has resulted in the
identification of required design enhancements. These enhancements can improve
safety, operability and add new capabilities. It is recommended that:

* The enhancements for safety be adopted as mandatory and that those for
operability and new capabilities be seriously considered and appropriate funding
be obtained.

* NASDA should ensure that a complete Failure Modes and Effects Analysis
(FMEA) is conducted for the HTV and that it has been subjected to independent
review.

Since the HTV is a vehicle with many future applications (e.g., return vehicle, free
flyer, lunar/Martian transfer vehicle, etc.), it is suggested that such future applications
be enabled.

PDR and CDR should precede the engineering model and protd-flight model
development phases, respectively. To reduce risk, the subcommittee supports the use
of proven technology, rather than new technology.

4. Comments to "Action Plans and Status of Major Actions"

4.1 Strategy to Ensure Appropriate Transition from Development Phase to
Operations Phase

NASDA's Action
a) Operations Organization

* Establish the operational organizations to implement the developments efficiently
and smoothly.



* Establish industrial organization including the prime contractor and operation
support contractors

*  Construct a JEM technology transfer scheme and other relationships with the
manufacturing industry.

b) Contract Scheme for Industries

* Considering the limitation of NASDA personnel, promote outsourcing, and
reduce the number of contracts to reduce contract work and ensure the effective
use of personnel resources.

c) Personnel Plan

* Establish required manpower profiles for each activity leading up to the initial
assembly phase. ‘

* To ensure reliable system development, utilize expertise of experienced persons.

*  Consider utilizing the support by overseas manned space operation experts.

* Enhance efficiency by providing flexibility in personnel assignments
(consolidation of the similar skilled jobs, training personnel with multiple-tasks
and skills.)

d) Personnel Training

* Training operations personnel for each operation activity based on the division of
work between NASDA and industries.

Comments

The response of NASDA to the action to ensure appropriate transition from
development to operations is satisfactory (pending approval of the revision E
assembly sequence). However, the subcommittee suggests that NASDA consider
whether future resources (i.e., personnel and funds) are adequate to ensure the
necessary continued development of the technology to support future projects and
programs.

* Itis recommended that overall NASDA staffing levels for the Space Utilization
Office be reviewed to ensure that NASDA secures the human resources necessary
- to successfully fulfill its mandate in developing the use of space for the benefit of
all Japanese.
* It should be noted that shift of personnel from development to operations may
impact advanced technology (pre-planned product improvement).
*  Suggest NASDA increase the promotion and utilization of telescience.

4.2 Implementation Plan for Promoting ISS Public Relations and
Familiarization

NASDA's Action

* ISS/JEM Public Affairs and Information Center will be established within 3 years
starting from JFY 1999, based on the recommendation "Public Awareness and
Promotion Sub-committee Panel" of the Space Activities Commission. The center
will function as the core of JEM information dissemination to further the public
awareness development and utilization activities.

* Information database will be provided for organizations like science museums or
grass-root individual activists that are conducting public relations and
familiarization activities for space. Support and service contacts will be prepared.




* Conduct on-orbit space classes and prepare public information and familiarization
materials by utilizing the ISS/JEM for juvenile education.

* Enhance the public information and familiarization organization to conduct
personnel training by inviting external publicity experts and exchanging or
dispatching personnel with or to publicity specialty organizations.

* Before the start of JEM operation and utilization, NASDA will arrange on-orbit
advertising events and perform effective advertising for familiarization and
educational activities, through Japanese astronaut flight opportunities.

Comments

NASDA is to be commended on its efforts to reach out to the public to involve them
in Japan’s space activities. Complementary to this effort should be specific initiatives
to involve opinion formers and decision makers in all phases of Japan's space activity,
including the establishment of priorities in new strategic plans and new programs.
This same target group should have the opportunity to interact with international
partners, as is happening through the NASDA evaluation committees.

Contents of PR activities should include less well-known, as well as the well-known,
topics. NASDA is expected to put efforts on disclosing its activities to the general
public and carrying out its accountability by making use of lately strengthened Public
Affairs Organization.

* The subcommittee commends NASDA on the establishment of its new public
affairs and information center.

* PR activities should include non-scientific aspects (e.g., religion, art, etc.), need
to emphasize benefits to the global society (e.g., perspectives of Earth from space,
etc.), and solicitation of non-science use of ISS (e.g., Dr. Mukai's public
awareness/outreach is very excellent).

* Consider running contests of specific flight objectives, hypotheses and
experiments proposed by various strata to gain the interest of the nation.

*  Public Affairs activities are evaluated from the viewpoint of whether or not the
results of researchers are valuable to people and understood by them. Information
to present a return to people’s daily life from the results needs to be disseminated
to the public.

4.3 Centrifuge Development

NASDA's Action
*  Conduct System Requirements Review (SRR) and Experiment Requirements
Review (ERR) in an early phase to define requirements as soon as possible.

Comments
Requirements have not yet been frozen. The interface requirements should be
completely established in a timeframe to support the PDR in August 1999.
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4.4 Space Experiment Opportunities before JEM Utilization Start

NASDA's Action
*  Conduct space experiments on STS-107, Russian Service Module and US module.
*  Consider participation in new shuttle/other missions such as STS-116.

Comments

NASDA's response to the action from the subcommittee to provide experiment
opportunities prior to the start of JEM operations is satisfactory.

The subcommittee recommends that NASDA consider the continuation of activities to
demonstrate, test, verify, and conduct (e.g., sounding rockets, drop towers, aircraft,
etc.) space station experiments prior to implementation on the ISS.

Consider other flight opportunities that might arise prior to JEM operation (e.g.,
shuttle, Mir, service module).

4.5 JEM Utilization Promotion

NASDA's Action

* Based on the Report of the Space Utilization Subcommittee for Applied Research
Utilization dated July 1998, the Applied Research Pilot Project was started in
April 1999 to promote research applied for developing products and production
activity on the ground. T

*  Produce a research scenario for each discipline to clarify the direction of Japan’s
space utilization research. .

* Establish NASDA's strategy for space environment utilization research and
develop the Space Station long-term utilization plan referring the above scenario.

* Participate in the international solicitation for science research such as life science
and microgravity science, and conduct international coordination in the selection
process.

Comments

The establishment of the Applied Research Project is a satisfactory response to the
recommendations.

* Research proposal selection board should strengthen the involvement of private
industry.

* Consider proposals for non-scientific activities (i.e., utlhzatlon plans from the
artistic, philosophical, cultural, social, spiritual points of view).

4.6 Miscellaneous Areas

For the ISS to achieve its full potential, communications capabilities need to be
maximized. These capabilities should enable: telescience, telerobotics, telemedicine,
and tele-engineering. All require total coverage, low latency, and simultaneous uplink
and downlink capabilities with sufficient throughput. All partners should strive to this
end.




Consider developing more concrete plans for addressing the possibility that there may
be an opportunity to board the ISS without long-duration training. This should be
considered along with Action Item 8-3 from last year.
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1. INTRODUCTION

The Space Transportation Systems Subcommittee met from May 19 to 21, 1999.

The subcommittee was chaired by the same co-chairpersons as last year and one foreign
and one Japanese members newly joined the meeting,

. The evaluation topics presented from NASDA this time were the J-II project and
the HOPE-X project associated with RLV study. Also, NASDA’s actions taken in
response to last year’s recommendations and the current status of the H-IIA project
were reported.

Most of the meeting was held in Tokyo, but the subcommittee members visited
Mizuho Works, Ishikawajima-Harima Heavy Industries (IHI) involved in the J-II
project, which greatly helped the subcommittee to evaluate the project.

2. EVALUATION OF CURRENT DEVELOPMENT AND RESEARCH
2.1 J-1I Satellite Launch System

NASDA has develboped large rockets like the H-II and H-IIA, meeting the
demands of launching large satellites made in Japan itself and resulting from
international cooperation. These large rockets have been used to launch multipurpbse ‘
satellites. This makes flexible and timely mission implementation difficult and
increases the risks associated with mission failure.

Today, there is increasing demand for launching smaller satellites in areas such as
Earth observation and innovative technology development. In response, NASDA judges
it necessary to develop a low-cost flexible launcher for these smaller satellites. The J-II
launching system is the project designed for this purpose. It fills the gap in launching
capability between the M-V and H-IIA, thus providing Japan with a full range of
launching capabilities. .

In addition, NASDA is taking the opportunity to develop through the J-II project
advanced technologies which are key to future generations of launch vehicles,
particularly the RLV. Also, the J-I project will provide NASDA and Japanese industry
up-to-date experience in collaborative system development with an overseas company.
The J-II project is thus a complete and ambitious program, serving at the same time



short term requirements and longer term objectives.

According to the project plan, key new technologies such as LOX/LNG
propulsion system and automated ground operations will be developed. The project will
also employ existing domestic and imported technologies as a means of reducing costs
and shortening development time. After the initial vehicle is developed, an improved J-
II, capable of carrying out a wider range of missions, will be promoted by adding new
capabilities such as strap-on solid rocket boosters and improved second stage engine
performance. | '

The subcommittee finds the J-II project in general well conceived and worth
pursuing. However, it has some concerns. It notes that the project is planned to be
carried out on a tight schedule and with a limited budget, and thus presents difficult
management challenges. The subcommittee thus recommends that there be established
a project risk analysis that‘ defines key milestones with respect to schedule, budget, and
availability of imported technologies and components.

In promoting the J-II launching system project, NASDA therefore should :

a) Emphasize efficient development of new technologies such as the
LOX/LNG engine since it is an R&D organization

b) Establish NASDA's leading role in joint development projects with
foreign manufacturers.

In summary, the subcommittee is in general support of the J-II project and
recognizes its value to Japanese space development.

2.2 HOPE-X Program and RLV Preparations

Compared to last year there is substantial progress in the HOPE-X program
definition, particularly with respect to linking it to the technologies and requirements of
future reusable launch vehicles (RLV). The increased emphasis of the HOPE-X
Program towards a more ¢Xperimental character relaxes the long-term funding
problems and requirement for a life-cycle cost analysis. The three-year postponement of




the HOPE-X launch date creates the possibility of testing and incorporating into the
flight demonstration more advanced technology for RLVs. It is important that there be
no future postponement of the launch date. '

While the HOPE-X and the potential HOPE XA follow-on program are well
conceived and are progressing well, the option exists to achieve many of the RLV
technology objectives with a smaller vehicle at potentially lower near term costs.
However, the subcommittee recognizes both the value of the investment already
expended on the current program and the additional benefits beyond testing RLV
technologies that accrue to Japan with the success of HOPE-X as currently designed,
since this maintains the HOPE-XA option.

~ As a risk reduction option, the subcommittee observes HOPE-X could benefit
from a full set of production spares, in order to allow for a second test vehicle. The
option of additional flight tests should be considered (with increased budget).

NASDA plans more study work on different RLV concepts. The subcommittee
considers this to be important, since there are many different possible technologies and
resulting techniques. Further, there are great differences in the development cost of
RLVs, depending on the configuration and technologies selected.

The potential development of a flyback strap-on booster with liquid propellants
as part of RLV development needs a careful cost analysis since studies in the USA
(Shuttle-Boosters, MAGNUM-Concept) and in Europe (FESTIP) have shown that they
have high development cost, but result in little reduction of the “cost-per-flight” or
space transportation cost. |

3. REPORTING TOPICS
3.1 NASDA'’s Actions Taken in Response to the Recommendations

The subcommittee made some recommendations last year. NASDA'’s actions are
reported. ‘

The recommendations are all made for long-term vision, so continuous look at
NASDA'’s change is needed. As NASDA improves its independent review process,




- consideration should be given to a process of independent analyses and tests for
mission critical functions.

NASDA has been eager to change itself and this attitude is well appreciated.

" 3.2 Current Status of H-ITIA

The report from NASDA, which includes some changes made, indicates no
problem.

4. CLOSING REMARKS

The subcommittee requests the opportunity at the next meeting to get a status
report of H-IIA and to have an in-depth review of the J- Il and HOPE-X/XA programs
as well as NASDA changes including cost engineering progress, RLV studies and
independent review processes and progress. This should also include industrial and
launch facility visits as appropriate. '
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Evaluation Report on

NASDA Satellite Engineering

1 Introduction

The Satellite Engineering Subcommittee (Enclosure 1) met at Tsukuba, Japan on May 26 through May
28, 1999 to evaluate NASDA Satellite Engineering activities. The Subcommittee considered past
projects, on-going projects and the actions and strategies initiated in response to previous
recommendations. To conduct this evaluation, the Subcommittee was provided with "Material for the
Subcommittee for Satellite Engineering" (Enclosure 2). ‘

The Subcommittee was very pleased to receive a number of detailed presentations and reports with
regard to NASDA's current and future programs as well as its follow-up strategies with regard to its
1998 report. There were some 30 reported follow-up strategies including the following significant
positive responses:

* Expanded use of ETS-VI data in future programs, especially in OICETS

* Southern hemisphere experiments with regard to COMETS

* Reconsideration of the Alternative COMETS program and decision to cancel after considering all
relevant factors

* Clarification of ETS-VII spin-offs and future applications

* Establishment of a website to provide extensive information on all OSS Programs

* Extended use of and new reporting related to outside expert review of programs

* Major systems review of DRTS objectives and implementation plans

* Enhancement of risk management plan and scale-model deployment of antenna systems for the
ETS-VIII Program

* Decision to pursue ISO9001 certification which will have a positive effect across all programs

* Refinement and streamlining of the Gigabit Satellite program and active pursuit of international
participation in this project

2 Program Evaluation

The Subcommittee spent considerable time reviewing on-going programs that included the Tracking
and Ground Control Network System, the Satellite Control System and its Security, and projects which
are nearly complete. These nearly complete programs that were reviewed in the greatest detail
included the COMETS and ETS VII spacecraft and their experimental results. These are reported on
below.

2.1 Review and Evaluation of On-going Programs

2.1.1 Network Control System

The functional description of the new Network Control System presented to the Subcommittee to
replace the current Tracking and Control Network System is well-conceived and functionally complete
and shows careful attention to the grouping of functions. It is not the purpose of this Subcommittee to
review the functional System Requirements nor the subsequent detailed and design requirements.
However, full understanding and coordination for the requirements, design and interfaces among these
systems and the interface to the satellites and to the user projects is essential to ensure success.



Assuring continuous review, good engineer-to-engineer communications, and eventual testing in this
context is a key management task.

The Subcommittee has concerns for the following:
(2) development schedule;
(b) security awareness;
(c) integration testing;
(d) station staffing; and
(e) possible performance monitoring in cooperation with EOC.

(a) Development Schedule Concerns:

The Network Control System will comprise a combination of equipment dependent on a very large
software system for secure, reliable, automatic and cost-efficient operations. The software
development schedule, in particular, is a matter for concern. The serial schedule presented to the
Subcommittee is in an established style that has up to now been used for intensive hardware
development. Equipment procurement can still proceed as outlined, but inclusion of risk reduction in
the software development requires a more phase-divided and step-by-step process.

Requirements and the accompanying design and testing should be divided into evolutionary steps. At
each step, a working capability should be present that naturally builds to the next step. Phases can be
overlapped as confidence in grouping of requirements and implementation under a common
architecture is achieved. Although the ALOS/ETS VIII launch capabilities are the motive force behind
this endeavor, we believe that there is adequate time for these recommendations to be undertaken and
that they will result in a more reliable and lower-risk schedule overall.

(b) Security Awareness Concern:

Security intrusions on working spacecraft have occurred. Networks are the most susceptible to
intrusion. Even point-to-point hard circuits can be physically accessed or damaged. The Network
Control System should consider installing a protection layer that could include command encryption,
dedicated circuits, limited access gateway routers, firewalls and physical control of access to
equipment. For example, the ISDN backup circuit should be firewall protected. In addition to
hardware devices, inclusion of traffic-monitoring software to detect intrusions should be considered.
Policies and procedures should be written and tested for their response to intrusions. Also, audit
software should be included to test for security vulnerabilities on both the open and trusted sides of
firewalls. Awareness and response procedures should be included in operator training and
certification.

(c) Integration Testing Concerns:

Integration and testing of the Network Control System will require careful management planning and
supervision. Even if individual parts appear to be functionally operating, the whole may not work in
concert as intended. Furthermore, intermittent software malfunctions always occur complex systems,
and efforts must be made to include secure countermeasures in the test design as part of risk
management. The following is a specific suggestion to benefit the schedule and reduce development
costs.

Since the ground systems at the stations will be identical, a pathfinder site, for example at Katsuura,
should be established. The pathfinder site would be a test resource for completing the integrated
system and for determining the ground station installation procedures for the other sites. This also
would enable interface testing with the Satellite Control System at Tsukuba in an engineer-controlled




environment. While the integration testing of the pathfinder hardware and software is being tested at
Katsuura, the other manufactured site equipment can remain at the factory to be connected with and
tested with Tsukuba. The antenna for each site would be installed while integration testing is in
progress. Because the Network Control System and the Satellite Control System must work very well
together, we suggest installing a dedicated communications circuit to connect the integration testing
sites of the Satellite Control System at Tsukuba and the pathfinder Network Control System at
Katsuura to verify interfaces and to conduct loading, other performance tests, training and
troubleshooting. Configuration management and coordinated change control between the Tsukuba and
Katsuura must be supervised by management to ensure that both locations remain constantly aware of
the system environment.

When the pathfinder integration is completed and testing has verified functionality, performance,
maintenance procedures and operator usage, the equipment previously kept at the manufacturer's
factory can be installed at the other sites with the latest software versions and checked out.

A question was raised in the discussions about having Independent Verification and Validation
(IV&V) to oversee integration testing. The Subcommittee's response was that IV&YV has met with
varied success. A good IV&V effort can be costly and the IV&V staff must participate in both design
and manufacturing, just like the prime integration testing staff. In those countries and agencies where
IV&YV is part of the established infrastructure, these efforts can be beneficial. For NASDA, on the
other hand, an absolutely separated and independent overseeing test staff would not be practical. It
would take too much energy, time and funds to input the required information to the IV&V staff. The
Subcommittee recommendation is that efforts and resources would be better focused on prime
integration testing efforts, for example for the above recommendations concerning the pathfinder.

There should be a dedicated integration test staff, with members from NASDA and the system
manufacturer separated from the designers and manufacturing staff, but including who all work
together to create the integration test plans. The Operations staff should review the integration test
plans and make suggestions for operations interests. The primary testing objectives are to verify
functional requirements and to measure expected performance. Additionally, the objectives should
include tests to uncover flaws in design and in manufactured elements, to reveal likely malfunctions
and to observe how the system responds and recovers. The objectives must be to see if the system
works correctly, but should also investigate under what conditions the system fails. In addition to the
independent integration testing staff (who can be employees of the manufacturer, but separate from the
design and production engineers) a review panel of NASDA project users and external experts should
provide an overview of the integration and test plans, schedules, preparations and results. Early on,
meetings could be quarterly and become monthly when the integration and testing occurs.

(d) Station Staffing Concern:

The presentation material emphasized that the goal is to have the tracking stations operate
automatically without intervention from operators. The only resident personnel would be for
maintenance. While this is a laudable target, the reality is that fully reliable automatic operation is
difficult and expensive to achieve. The design should always take into account where operators can be
cost effective in station operations, as a tradeoff against full automation. And, because of possible
malfunctions, manual operation to bypass a failed automated component or service should always
remain a potential alternative, so that the tracking station can maintain a high rating for tracking
performance. For this possibility, a number of the maintenance personnel at each remote station should
be trained and certified as operators as backup for designated sets of critical malfunctions. Additional
written procedures should be available on site for the maintenance/operators to follow and a Help'
facility should be available from the central Network Control Center to assist the remote station staff.




(e) Performance Monitoring Concerns:

We presume that the Network Control System will include performance monitoring to measure

loading, data and command delivery delay and other typical circuit performance parameters. It will be

important to summarize these measurements in periodic (preferably daily) status reports and to

distribute the report to selected managers, mission users and, possibly, to the manufacturers. Also,

information about the mission data and mission planning from the EOC should be considered in terms
-of its usefulness in performance monitoring.

2.1.2 Satellite Control System

The Satellite Control System is a new system for performing existing and added telemetry, command
and mission planning functions. Additionally, the Satellite Control System must work efficiently with
the new Network Control System and the DRTS Space Network System. The new system description
shows an adequate understanding of functions and configuration. The design objectives will correct
the deficiencies identified during the ADEOS experience.

(a) The Subcommittee concerns for the Satellite Control System are similar to the concerns described
above for the Network Control System. Principally, the serial style of the development schedule is
considered to carry inherent risks. The complex software needed for the Satellite Control System
needs more of a step-by-step building process than shown in the inadequately brief 2-phase schedule
given to the Subcommittee. Each of the processing functions can be built separately, but putting them
together as a semi-automated integrated system requires a great deal of attention to the interfaces. The
philosophy of 'build a little, test a lot' is important for this system. Also, testmg with the new Network
Control System must be merged into both system schedules.

(b) The reliability of the Satellite Control System will depend, importantly, on its ease of operation and
ease of training. The human interface (GUT) for each of the processing systems should be designed
carefully. The design effort should include consultation with experienced operators. Overall, the
choice of the UNIX OS is appropriate. While it may be more difficult to write GUI software for the
UNIX OS than for the Windows OS, there should be enough COTS tools to carry out implementation
in the UNIX OS. A browser-based GUI for the different processing systems should be investigated to
provide a common ‘face' for each. The schedule should leave room for updating the system functions
and the GUI should be based on operator suggestions during integration testing and early operations.

(c) Pre-launch testing and training with each mission user may result in conflicts among the users if
there is limited capability for simulating satellite telemetry. The system loading should be discussed
with the mission users to confirm the needed access to the satellite simulator. The design of the
simulator should balance the usage of real satellite (recorded) telemetry, real-time generation of
realistic telemetry and its fidelity to real telemetry. Pattern data that has no fidelity with actual satellite
operations is a poor training tool and simulated telemetry that does not reflect the commands being
sent to the simulated satellite does not exercise the semi-automated functions nor train in operator
tasks.

2.2 Review and Evaluation of Completed or Near Completed Projects

2.2.1 COMETS »

The planned experiments could not be carried out as originally designed because the satellite did not
reach Geostationary Earth Orbit (GEO). This was because of a launch vehicle anomaly. NASDA
adjusted the satellite orbit to a Low Earth Orbit (LEO). Because of this, they were able to avoid




complete failure, and were able to carry out 26 of the planned 44 experiments. Originally 14 were
planned by NASDA, 11 by CRL and 19 by the COMETS Communication Broadcasting Experiment
Implementation Conference. Most of the experiments which were not completed required the satellite
to be in GEO. The Sub-Committee compliments NASDA on its rescue of a failed launch and on their
success in accomplishing many of the original experiments. We also commend the successful
international joint experiments carried out in South Asia.

Sub-Committee Comments

* Canceled Experiments: Experiments were canceled because the satellite was not placed into GEO.
NASDA should add an appendix to show whether experiments were canceled because of incorrect
orbit, problems due to radiation damage caused by excessive exposure to the Van Allen Belts, etc.

* NASDA gained information which was not in the original plan because of the recovery efforts.
Those results should be documented, as well as the revised operation plan, support provided by other
institutions, etc.

* NASDA should show how the results relate to other projects such as ETS-VI, the Space Flyer Unit
(SFU) etc.

* NASDA should detail any contingency planning which they had made ahead of time in anticipation
of launch problems. They should also include contingency planning to the most practical extent in
future mission design. '

* NASDA should compile a list of new technologies flown, and show how they relate to future
missions.

* NASDA should document the critical actions taken during the recovery, and publicize their success.

* NASDA should prepare a list of experiments showing which were successful and which were
canceled, with the reasons in each case.

NASDA should catalogue all papers and presentations made as a result of the COMETS project.
2.2.2 ETS-VII

The Subcommittee is very pleased to note that ETS-VII, since the launch in 1997, has demonstrated
the potential of automated rendezvous and docking technology and manipulator remote control
technology, and that ETS-VII has been successful as a project with global initiative. The _
Subcommittee also notes appreciatively that ETS-VII has achieved most of its initial objectives in spite

of many malfunctions. However, for those experimental items that have not been carried out so far due
to malfunctions, the causes must be identified and resolved.

The following basic technologies have been developed through this experiment.

- The world's first demonstration of a fully-automated rendezvous-and docking technology, including
basic technologies such as laser radar, GPS and the docking mechanism

- Acquisition of operating technology using the data relay satellite for the above demonstration
- Coordinated control technology of the robot arm and satellite attitude

- Application of advanced technologies such as supervisory control, force/torque control, and remote
control by image information to the space manipulator

- Compensation technology to cover the time delay caused by remote control

- Service technology on the orbit such as replacing ORU




These technologies are innovative and useful in the effort to construct an unmanned infrastructure
without using manned technology. These technologies could provide the basis for orbital service
technologies such as the inspection, repair and fuel supply of spacecraft conducted by space robots in
the future, and the Subcommittee believes that NASDA now leads the world in this field. With the
participation in this project of many organizations from both Japan and overseas, NASDA has
achieved good results and set the direction for future progress. The way in which this project was
conducted could be usefully applied to fundamental research and development in particular.

The project results could be used to develop autonomous space robots in the future, for which the
Subcommittee intends to submit the following proposals to NASDA:

- To clearly define the goal of developing autonomous space robots

- To clarify immature technological items that are necessary to attain the goal

- To introduce the most advanced technologies by forming a group of researchers and engineers from
wider fields '

3 Comments on the Actions and Action Plans resulting from previous Recommendations

3.1 Action on the General Recommendations
The Subcommittee is satisfied that NASDA has responded to the recommendations made last year
very sincerely, honestly, and diligently.

3.2 ETS-VIII

ETS-VIII aims to develop a communications satellite that enables communication with portable
terminals in the S-band frequency and multimedia broadcasting, and also intends to conduct an orbital
demonstration. This project includes the development of a 3-ton satellite bus technology and the
world's first large deployable antenna for S-band frequencies. There are three main challenges in
developing the huge (19 x 17 m) antenna: development of the deployment mechanism, protection from
stresses in space caused by low temperatures and solar radiation pressure, and directional control of the
antenna.

In order to deal with these issues, NASDA has already set up a technical group in cooperation with
other organizations. The Subcommittee therefore concludes that NASDA has fully recognized the core
issues and has been actively problem-solving. The Subcommittee appreciates the fact that NASDA has
planned and partly carried out the deployment test using aircraft and a piggyback satellite in a
weightless environment. The Subcommittee, however, encourages NASDA to continue studying the
following technical issues.

- The problem of the lack of similarity between a deployment test using a small-size model and
deployment of an actual full-scale antenna

- The problem of backlash of the deployment mechanism that cannot be clarified by linear mode
analysis

- The problem of the identification system and the control system design of modal parameters

- The problem of the number of and deployment positions of the onboard sensors for vibration
measurement

- Evaluation method of testing RF characteristics




Several malfunctions, which NASDA has recently experienced, seem to have been caused by
superficial understanding how difficult it is to offer a technical challenge in a space environment for
the first time. Also, some of the prior studies and experiments/tests seem to have lacked in sufficient
preparations.

The Subcommittee expects that NASDA will improve the basic technology, which will be useful not
only for ETS-VIII but also for developing large-scale spacecraft in the future by solving the above
problems and reaping the benefits of this project. To this end, the Subcommittee recommends that
NASDA establish a technology study group consisting of experts.

3.3 DRTS

NASDA has made an excellent response to the recommendations of the Subcommittee and confidence
in expected DRTS success is satisfactory. In the interim since the 1st meeting of the Subcommittee
(1998), NASDA convened an external committee to review the DRTS status in March 1999. The
March presentations reported that NASDA had performed additional hardware testing and established
technical expert review panels to address the critical new technologies incorporated in the DRTS
satellite. The satellite risks have been assessed and mitigation has been addressed within resource and
schedule availability. Importantly, the management structure of the Project has been strengthened. The
DRTS mission objectives are experimental, but a practical demonstration of reliable data distribution
is recognized as being appropriate for the mission scope. As part of risk mitigation, difficulties with
ETS VII thrusters have been experienced. Since the same thrusters are used for the DRTS basic design,
the Project has decided to replace the thrusters. Although this will cause a delay in launching, NASDA
is applying appropriate caution.

The reviewers at the March meeting did not have equal confidence that ground system development
was proceeding with sufficient risk assessment and according to a structured, well documented testing
process. The report to NASDA for that meeting listed several critical concerns. NASDA has
satisfactorily addressed each of those concerns in this Satellite Engineering Subcommittee Meeting
and in a supplementary meeting with cognizant Subcommittee members. A structured ground system
test plan; a

plan for in-orbit verification of objectives still open from COMETS; addressing risk assessment and
risk management; and defining a procedure for operator training and certification have been added.
Also, coordination with the application satellite projects has been strengthened. Requirements for
specific end-to-end-tests with each supported experimental application/applications satellite have been
made. Next year the Subcommittee will be interested in hearing how well these actions have helped the
DRTS Project and the application satellite users.

3.4 Gigabit Satellite

The Subcommittee received a detailed briefing on the Gigabit Satellite Project and also received
detailed answers to a number of questions that were posed concerning this project. These questions
and answers are provided as an attachment to this Subcommittee report. In general the Subcommittee
continues to believe that this is an important and highly worthwhile undertaking.

Observations concerning this report are provided as follows:

A. Name of the Project:

There was some confusion about the name of this project since various forms of nomenclature have
been used over the last few months and there has been some attempt to combine this project with the
Advanced Data Relay Satellite Project. These names have included 'Ultra High Data Rate Satellite',
'Multi-Media Satellite' and 'Gigabit Satellite Project'. Since this project has been internationally
presented at international satellite conferences and to special briefings to NASA, Canada's CRC and



Europe's ESA, etc. as the "Gigabit Satellite Project” it is recommended that this name be used for this
project to avoid confusion and misunderstanding.

B. Redefinition of the Gigabit Satellite Project:

In order to make the Gigabit Satellite as cost effective and streamlined as possible, there have been
efforts to redefine and in some cases to downsize certain elements of the project. The power levels and
antenna aperture sizes have been decreased by approximately 20% to 25% and it would seem that these
changes in the scale of the project are entirely appropriate and would in no way jeopardize or undercut
the technical development objectives of the project. Thus the Subcommittee would endorse these
changes in the project engineering definition. It is believed that the most important technical objectives
of the project are the operation of an on-board ATM switch, the operation of a high performance
phased array "hopping or scanning” beam and the on-board processing and regeneration of signal at
the bit-by-bit processing level. None of these key objectives would be adversely affected by the
proposed re-scaling of the satellite power and antenna aperture size. The creation of a 16-element
engineering model of the spacecraft's phased array antenna gives us additional confidence in the
successful achievement of the ambitious objectives of this R&D satellite.

The Subcommittee for Satellite Engineering understands that the review of the giga bit satellite plan is
mostly based on the fact that NASDA has recognized that "the big ship with big gun principle" (the
large-scale satellite with multiple missions principle) has a lot of risks and "the single-chanced
attempt" is faced with the danger and bad effects. These were pointed out at the report of the
Subcommittee for Satellite Engineering last year and accordingly NASDA has started to make efforts
to change its policy towards a sound direction. Apart from an individual comment on technical
matters, the Subcommittee for Satellite Engineering positively evaluates this review as a whole and
strongly supports it. '

C. Questions about Deleting the Optical ISL Capability from the Gigabit Satellite Project:

The Subcommittee did have questions about the most critical redesign aspect for the Gigabit Satellite
Project. This is about the deletion of the 2 gigabit optical communications link from this project. It was
explained that this change is proposed on the basis of two considerations. One was the transferring of
this Optical ISL capability to the Advanced DRTS project and that this change was made because the
European Space Agency had decided not to continue with its WINDS project that could have provided
an in-orbit capability with which optical transmissions could have been conducted. The latest
information from ESA as provided by Mr. Jensen and confirmed by Mr. Wittig is that ESA is intending
to proceed with its own Gigabit Experimental Satellite and that optical intersatellite links are likely to
be tested in the 2005 time frame. There is also the possibility that CRC will embark on its own
industry/Canadian Government "Multimedia R&D Satellite" project in this time period and NASA has
also given some consideration to a joint industry/NASA project. In short, it is recommended that more
complete information about international collaboration on optical ISL experiments be obtained before
a final decision is taken on this matter. The fact that the Gigabit Satellite Project has been delayed some
12 to 18 months in its definition would seem to afford such a possibility. Furthermore, the Advanced
DRTS project will need to provide an operational capability rather than an experimental capability, and
thus more assurance about the optical ISL capability and performance is clearly advisable.

D. Other Key Design Aspects For Further Consideration
There are several other aspects of the Gigabit Satellite Design which would seem worthy of further
thought. These issues are as follows:

- Frequency Bands:

It now appears likely that the Gigabit Satellite will be deployed around 2005. By that time a number of
Ka-band satellites will have been operationally deployed. The "key new bands" for experimentation
are thus the Q and V bands (48 and 38 GHz) and possibly the W band (60 GHz). Could some



experimental antennas or beacons be included in these bands and could NASA, ESA or CRL be
convinced to also have experimental packages in these EHF bands as well?

- Modem Capabilities:

It has been assumed that the 1100 MHz of bandwidth available on the Gigabit Satellite would produce
data throughput rates of 1.2 Gbps. It seems quite likely that state of the art modems that might be
available in 2003 to 2004 might be able to perform at much higher efficiencies and even operate at 6 to
8 bits per hertz. The design of the Gigabit Satelhte might wish to consider incorporation of these more
advanced modems.

- Ground Test Plans and User Terminals for Gigabit Operation:

The capability of the Gigabit satellite as now conceived could support some 4 data streams of 1.2
Gbps. With advanced modems it could support even higher data rates.

Effective use of such a prodigious digital throughput capability requires a great deal of planning,
especially at the international level. The Subcommittee thinks it would be useful to accelerate efforts to
define what ground tests of new services and applications would be undertaken in the Asia-Pacific
region with such a high data rate capability. This implies determining whether US, European, and/or
Canadian participation may be contemplated as well as by other

countries in the Asia-Pacific region, the nature of the ground user terminals and transceivers that
would be developed for such tests, etc. Finally, if the Optical ISL capability were to be restored to the
Gigabit Satellite it would imply the need for intensive international discussions with the European
Space Agency as well as possibly Canada or the US. Finally, the possibility of interconnection of the
Gigabit Satellite with stratospheric telecommunications platforms which are being developed by CRL
should also be considered and evaluated in terms of testing a hybrid satellite and high altitude
telecommunications network.

The Subcommittee believes that the Gigabit Satellite is a very important and well conceived project
that will develop key new space and ground segment technologies. It will also support the
development of advanced new space-based applications related to video broadcasting, interactive
entertainment, broadcasting and multicasting based multimedia business and telecommuting services,
as well as broadband Internet and E-Commerce services. It will thus be important as a means of
spurring increased international cooperation in advanced information services, but also will serve as a
stimulant for new telecommunications and information based jobs. The potential of this project, in
particular, to serve as a stimulant to the development of new user-friendly broadband user terminals
that are low-cost, compact, and potentially portable should not be overlooked. This means that a closer
industry and commercial relationship both within Japan and the greater Asia-Pacific region should be
pursued to achieve these "on-the-ground" user terminal breakthroughs. These will be critical for
advanced satellite technology to remain competitive with the most advanced fiber and broadband
terrestrial wireless systems.

3.5 MDS

NASDA reported seven proposals have been selected for future potential MDS payloads. The
Subcommittee recommended in last year's report that the selection process should have transparency
and openness and also the evaluation committee for the selection should be composed of members
from a wide variety of backgrounds regarding the nature of MDS and in order to obtain the better
understanding and support of taxpayers. The Subcommittee is satisfied as NASDA has responded well
for the first step.

3.6 OICETS

The launch of the OICETS program has been delayed by two years. This postponement of the launch
schedule has been made in order to allow the Japanese optical communications project to coincide
with the ESA's SILEX and Artemis programs which have been delayed. This extension of the OICETS



program has been accomplished with a minimum of additional cost implications and will allow the
greatest amount of test data to be acquired. The focus of the OICETS and the European SILEX
projects is primarily on the use of optical communications for intersatellite communications. This
effort will assume greater importance with the deletion of the optical communications component from
the Ultrahigh Data Rate Project. In other countries, optical communications for space-to-earth and
earth-to-space links is receiving additional attention and it is suggested that experiments of this type be
undertaken with OICETS to the extent that this is possible.

4.1 Move toward "standardized space platform" technology and subsystems

Around the world there is a move to try to standardize sub-systems to the maximum extent possible.
Continued efforts to move toward "standardized" platforms should be continued along with other
effort to-move to ISO 9001 standards as well. ‘

4.2 NASDA R&D Program

The Subcommittee understands and is satisfi ed by the relocation of the Office for Satellite Engineering
to Tsukuba in response to the recommendations of the Subcommittee concerning the importance of
maintaining closer cooperation with the R&D Office.

The Subcommittee has reviewed NASDA's R&D related to projects in the area of Satellite
Engineering and finds in general that the scope, range of technologies and funding levels seem
appropriate. The Subcommittee further finds that there are opportunities for expanded cooperation in
the R&D area both within Japan and internationally and that the Gigabit Satellite may hold special
promise in this regard. This expanded cooperation in R&D, if well managed, could lead to reductions
in net costs, spread limited resources more effectively and expand the range of technical goals and
objectives that might be achieved. In looking to the future, the new research in space communications
could look beyond the Ka band into the Q/V and W bands as well as even terahertz communications.

“The Subcommittees believes that comparative analysis with other space agencies such as the Canadian
Space Agency, the European Space Agency, and NASA to assess how their program and funding
priorities are set and how performance measures or metrics are established would be very useful. This
would create improved ability to monitor R&D activities.

Finally it remains unclear as to how the Office of Satellite Systems and the Office of Research
Development will work together in setting priorities and establishing key objectives, particularly in the
MDS program. Further it would seem useful to have a clearly defined process for setting space
telecommunications R&D goals and objectives between NASDA and related research entities such as
CRL, TAO, NAL, ISAS, Japanese key technology centers, and other relevant bodies. This might be
best accomplished as a short and concise 5 to 10 page R&D Strategic Plan that is coordinated among
all key entities.

5. Closing Remarks

NASDA had an outside evaluation for the first time in last year and the Subcommittee for Satellite
Engineering therefore was strongly confronted with many difficulties of work to wash off the filth of
NASDA's 30-year operations since its establishment. This work may possibly have given an
impression of a fire panic. However, the work of the Subcommittee for Satellite Engineering this year
turned into reasonable one both in its content and scale, and thus it seems that the future work will
become seemingly ordinary and regular one like this year unless something special happens. Under
such environment, some worrisome points that were overlooked last year have emerged. From among

- 4, Other Comments, findings and recommendations
|
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the points that should be studied, the Subcommittee for Satellite Engineering takes up here the
necessity of clarifying the function and role of Subcommittee (including relationship with an upper
committee) and the responsibility (work allotment) of each Subcommittee.

It seems that the main role of Subcommittee is to evaluate the propriety of a mission that the
department, which each Subcommittee is in charge of, is going to carry out, to evaluate the
technological propriety of a system, and to evaluate the operational propriety of an organization.
Regarding the mission evaluation, especially for the plans of small-scale satellite series such as MDS
which are newly planned, the Subcommittee that is appropriate for evaluating the content of each
mission should carry out evaluation. (It does not seem best that the Subcommittee for Satellite
Engineering will evaluate all items.) Also, regarding the technical evaluation, Subcommittees should
attach importance to the propriety of a total system. It is appropriate to congregate an ad hoc meeting
of experts if a specific technical problem occurs through the evaluation process and in fact, this method
has been introduced since last year. (For example, for the network/satellite control system) However,
there are not a few issues to be dealt with at present, such as a problem that there is practically no
Subcommittee in charge of evaluating the propriety of the technological system of the Earth
Observation Satellite and a problem about how evaluation on the new series of small-scale satellites
should be carried out. From the standpoint of the Subcommittee, there is also a problem about their
relationship with the upper committee. (Practically, there is not so much dissatisfaction at the
Subcommittee but a relationship between the Subcommittees and their upper committee should be
clearly defined.)

Taking this opportunity, the Subcommittee for Satellite Engineering suggests that NASDA should
review and modify the current system of outside evaluation.
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1. Introduction

In July 1998, at the meeting of the Subcommittee for Earth Observation of the Committee for
NASDA Evaluation, NASDA proposed a “mission for energy and material cycles and ozone layer
changes” as one of the “next generation Earth observation mission” following the ADEOS-II
mission. The proposal also included the 1mp1ementat10n of the mission using medium and small
satellite systems.

After considering the proposal, the Subcommittee for Earth Observatlon recommended the
following items for implementation by NASDA:

(1) To continue to carry ADEOS sensors on-board ADEOS-II and successor missions in the series.

(2) To examine the various scientific, technical, and programmatic aspects of the trade-off between
large and small spacecraft.

Taking these recommendations into account NASDA has proposed the “Study on Global Changes
Observation Mission (GCOM)” as the next generation Earth observation missions and the “
Development of Ozone Dynamics Ultraviolet Spectrometer (ODUS)”.

The Subcommittee reviewed the proposals for the feasibility study on GCOM and the development
of ODUS.

The GCOM study is intended to provide long-term Earth observation after the ADEOS-II mission.
It is well established that long-term observation is necessary to understand the global changes, and
so the observation should be continued actively and carefully. The Subcommittee expects that as a
result of the GCOM study a feasible and effective medium- to long-term observation plan for the
global changes will be established and the entire plan will be thoroughly discussed in detail in the
next Subcommittee meeting.

On the other hand, global ozone observation from space is important to understand ozone
conditions. Long-term ozone observation is essential for clarification of issues related to the
decrease of ozone concentration. Moreover, it is desirable to observe vertical profiles of ozone
concentration to understand factors affecting the ozone layer thoroughly.




2. Significance of Ozone Dynamics Ultraviolet Spectrometer (ODUS)

The Subcommittee evaluated the proposal for the development of the Ozone Dynamics Ultraviolet
Spectrometer (ODUS) from three viewpoints; scientific mission, technology development and
international cooperation.

2.1 Scientific Mission

Long-term Earth observation is effective in understanding the global changes. Though the use of
CFCs has been restricted, the continuous observation of the ozone layer is essential to
understanding future variations in the ozone layer.

However, the total ozone mapping by TOMS instruments will be terminated around 2003. Thus the
data after 2005 from ODUS becomes especially valuable as an extension of existing TOMS data
since 1978. More specifically, the seasonal and interannual variations in ozone concentration should
be continuously observed over a long period of time.

ODUS can quantitatively measure NO; and SO; in urban areas, and volcanic SO, and provide new
information about each aerosol type, and about the atmospheric constituents of OCIO and BrO, in
addition to TOMS products. ‘

2.2 Technology Development

_ The principles of ODUS total ozone measurement are based on the TOMS system, and ODUS
development should not be technically difficult. This was verified in the ODUS study phase.
The study of ODUS should have much consideration to the design in order to perform continuous
spectral measurement. As a result, it is expected that ODUS will improve the accuracy of total
ozone mapping. Furthermore, new sensor technologies will be established through the development
of ODUS. ODUS can measure total ozone in both the stratosphere and the troposphere, atmospheric
constituents such as OCIO and BrO in the stratosphere, and volcanic S0,. ODUS can also observe
the quantity and type of aerosols in the troposphere over land areas which were difficult to observe
in the past, and can detect NO;z and SO in air pollution.

2.3 International Cooperation

ODUS will precisely observe global total ozone and will be an extremely important sensor

_ internationally to confirm an effectiveness of international regulation to reduce ozone depleting
chemicals because NASA will stop development of further TOMS follow-ons. It is important for
NASDA to develop and operate ODUS in order to contribute to long-term Earth observation.
ODUS should begin operating as soon as possible in order to maintain the continuity of TOMS
observations. It is desirable for ODUS operation to overlap that of other ozone sensors (TOMS,
Dutch OMI [EOS-CHEM embarkation]) to maintain continuity of observation of total ozone.
NASDA should play a leadership role in the field of long-term ozone observation.



3. Overall Evaluation and Recommendations

The Subcommittee recognized that it is important to implement a plan to continuously observe
physical and chemical quantities related to global environmental changes, such as total ozone,
through international cooperation, and concluded that it is proper to begin feasibility studies on
GCOM and to advance with the development of ODUS.

The new spectral channels made available by ODUS open the possibility of observing atmospheric
constituents related to ozone. During the study of ODUS, increased emphasis on data processing
and analysis is also justified. :

NASDA should, after consultation with other space agencies, become the leading space agency in
global ozone and atmospheric constituent measurement from space based observations.

In the initiation of the feasibility study on GCOM and the development of ODUS the
Subcommittee recommended as follows: '

. (1) NASDA should begin observation by ODUS at the earliest possible time in order to maintain
the continuity of TOMS observations. ' It is desirable that ODUS have an overlapping
observation period with other ozone sensors (e.g., TOMS, OMI) to preserve continuous total
ozone observations. v

(2) To optimize the GCOM missions, NASDA should coordinate the ODUS ozone observations
with the observations of atmospheric constituents by the ILAS-II follow-on and other
instruments and aim to observe not only total ozone, but also the vertical profile of ozone
concentration as well.

(3) NASDA should develop algorithms and promote research activities in order to reply the strong
needs of domestic and overseas scientists without delay in parallel with ODUS hardware
development, and prepare for organizations to research and analyze the data made available by
ODUS, and to evaluate long-term characteristics of the instrument after launch.

(4) Validation experiments are essential to the demonstration of ODUS’ observation accuracy.
Therefore, NASDA should conduct validation experiments in concert with the Global Ozone
Observing System (GO30S) which includes both Dobson and Brewer spectrophotometer
instruments.

. (5) NASDA may wish to seek innovative frameworks to co-fund international collaborations to
promote ozone research activities using ODUS data.
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E2. Schedule of Evaluation
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Submitting Materials for Evaluation

May 17, 1999
The materials of “R&D Themes for Evaluation in NASDA'’s Earth Observation Field” were
submitted to the Subcommittee members.

Explanation meetings with the Subcommittee members

May 17, 1999 ,
Meeting with Dr. Suvit at TEPIA Hall

May 18, 1999
Meeting with Dr. Asai, Dr. Manabe, Dr. Takagi, Dr. Takeda and Dr. Honda at NASDA HQ

May 25, 1999 .
Meeting with Dr. Asai, Dr. Manabe, Dr. Takagi, Dr. Takeda and Dr. Honda at NASDA HQ

June 2, 1999
Meeting with Dr. Morel at NASA HQ

June 4, 1999
Meeting with Dr. Kennel at Scripps Institution of Oceanography

June 8, 1999 _
Meeting with Dr. McBean at Environment Canada

Drafting an evaluation report

June 15, 1999
An evaluation report was drafting by Dr. Asai, Dr. Manabe, Dr. Takagi, Dr. Takeda, Dr
Suvit and Dr. Honda at NASDA HQ. Dr. Kubota, Executive Secretary of Committee for
NASDA Evaluation, was. partlclpated as an observser.
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Preface

The Subcommittee for Research and Development met from June 29 through
June 30, 1999 at the NASDA Tsukuba Space Center in Tsukuba. The Subcommittee
was chaired by H. Kubota and S. Venneri.

The two evaluation topics presented from NASDA were the future directions for
innovation of the Office of Research and Development and the SELENE lunar mission
project. The statuses of all recommendations made by the Subcommittee in 1998 were
also presented. :

The Subcommittee reviewed the process to date and provided comments.

Hirotoshi Kubota Samuel L. Venneri
Co-Chairperson Co-Chairperson
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1. Introduction

The Subcommittee for Research and Development (Attachment #1) met at NASDA
Tsukuba Space Center, Tsukuba, Japan on June 29 and 30, 1999 to evaluate activities of
the Office of Research and Development (Attachment #2).

- The main role of the Subcommittee was to evaluate the following two items:

* Innovation of Office of Research and Development
* SELENE Project

To conduct this evaluation, the Subcommittee was provided with the “Material for
Subcommittee for Research and Development, June 1999 and also received a number
of detailed presentations with regard to the current and future directions for innovation
and establishment of new programs that included follow-up actions taken in response to
its 1998 report. The Subcommittee is very impressed that the office of Research and
Development tries to reform and innovate itself very strictly, and that it makes an effort
towards the success of the SELENE Project.

2. Evaluation and Recommendations for Research and Development

In June 1998, the Subcommittee for Research and Development evaluated that the
Office of R and D has contributed to the establishment of a world-class space program
in Japan and asked for greater capabilities of the Office by recognizing that the future of
NASDA is dependent on this Office. Based on the above evaluation, the Subcommittee
gave the following recommendations:

1) Methodologies and procedures of R and D activities

a) Clarification of prospects and priorities of activities

b) Introduction of the concept of assessment of total life cycle cost to be spent
during the period from R and D to utilization/operation

¢) Development of a detailed implementation plan for spacecraft design/analysis
support system

d) Increase of the number of staff and budget for the Office

e) Evaluation of quality of research programs

f) Enhancement of critical capabilities and skills of researchers and engineers



2) Cooperation with External Organizations
a) Improvement of balance between in-house and out-of-house R and D’s
b) Expansion of the cooperation with external organizations
c) Construction of an open system that allows inclusion of the ideas and
conceptions from the external organizations
d) Enhancement of broad participation in the Piggyback Satellite Project
3) SELENE (SELenological and Engineering Explorer) Project
a) Formation of systems and procedures for risk-management
b) Confirmation of smoother communication with ISAS (Institute of Space and
Astronautical Science) and clarification of the decision-making process
c) Promotion of the utilization of the data from SELENE Project by external

‘ scientists

4) Miscellaneous _
a) Clarification of the distinction between Hypersat and Pyggyback satellite

In Ndvember 1998, the Committee for NASDA Evaluation (“the Parent
Committee”) which is the superior committee to the Subcommittee for R and D,
compiled reports with four recommendations including a) more coherence between
NASDA'’s activities and resources (budgets, personnel, etc.) and b) improvement of
management of NASDA’s missions, on the basis of five Subcommittee Reports.

On the other hand, in July 1998, the Space Activities Commiission (SAC)

. established the Special Committee to Investigate Fundamental Problems in Japan’s

Space Activities and started to discuss the essential and structural problems of Japan’s

‘ Space Activities which faced with a series of accidents and failures of NASDA’s

satellites. In May 1999, the committee recommended the more efficient utilization of

man power, improvement of technology-development capability of NASDA (including,

for example, reinforcement of the Office of R and D), accomplishment of the
development project and improvement of reliability- and quality-management systems.

In consideration of the recommendations by the Subcommittee of R and D and by
the Special Committee to Investigate Fundamental Problems in Japan’s Space Activities,
NASDA recognizes that reinforcement and innovation of the Office of R and D are the
most important in order to accomplish the enhancement of research and development
capabilities of NASDA.




2.1 Innovation of Office of Research and Development

On the basis of the above circumstances, the Office of R and D has started to reform
and innovate itself. The basic principles of its action plan are
1) more reliable project iniplementation,
2) exploitation of advanced technologies/missions and reinforcement of
technology basis, and
3) Benefits for the public and international contribution.

The four fundamental measures for accomplishment of the above principles are:
1) Reinforcement of project drafting function | |
a) Reinforcement of system for concept design
b) Creation of a space infrastructure community with the related national
organizations, universities, private companies, such as CRL, ISAS, NAL,
and so on
c) Establishment of Advanced Space Technology Research System
2) Improvement of the project performing system to reinforce the system for
technical assistance and to conduct advanced and highly-specialized
researches
a) Establishment of expert groups
3) Enrichment of test and verification
a) Reinforcement of ground tests and verifications by Environmental and
Structural Test Laboratory and System Analysis and Software
Laboratory
b) Extension to orbital verifications with use of medium and small-sized
satellites such as Advanced Technology Verification Satellite
4) Establishment of R and D systems open to researchers of the external
organizations
a) Creation of a space infrastructure community as described in 1) b)
b) Establishment of Advanced Space Technology Research System as
described in 1) ¢)
c) Extension of invitation of the eminent researchers and joint researchers
d) Collaboration with universities .
e) Utilization of NASDA’s data base such as SEES (Space Environments
and Effects System) by external researchers

The Subcommittee recognizes that these reformation and innovation in the Office




of R and D have already started in the following viewpoints:

1) Restructuring of organization and personnel systems _
* Nomination of Executive Director of the Office of R and D and Research
Inspector _
* Collaboration with the Office of Satellite System
2) Peer review by the external experts / the other project managers and revision of
research programs
* Revision of research programs in accordance with R and D policies
* Review of research subjects of the programs
3) Further cooperation with project teams
‘ - Establishment of expert groups on Spacecraft Dynamics, Battery
Engineering, Space Environment, etc.
» Clarification of the researches of each field in cooperation with projects
4) Reallocation of resources |
» Prioritization of allocation of budgets in research programs

- Evaluations

Reviewing these actions, the Subcommittee evaluated and recommended as

follows:

It is highly endorsed that the Office of Research and Development of NASDA has
started to make innovation in their organization and programs by taking the
. recommendations both by the Subcommittee for Research and Development and by the

Special Committee of the Space Activities Commission of 1998. Since the innovation of

the Office of Research and Development has just begun, the Office is advised to
continue its efforts, especially in order to realize its aim, it is important to continually
develop and improve the quality of researchers and engineers.

- Findings and Recommendations

- It is obvious that the effort of both enhancement of fundamental research and transfer
of technology into project support is an excellent beginning for major changes and
impact on program success. It is advised that the Office of Research and
Development continue this effort for very rapidly and persistently moving from the




planning to the implementation of this research innovation.

* The Office of Research and Development recognizes and will implement systems
analysis activity to better define and prioritize R & D programs. The Subcommittee
endorses and recommends the implementation of this activity and the development
and maintaining of the staff as soon as possible.

It is evaluated to form the expert groups in order to enhance the relation with the
project. '

NASDA management needs to implement a personnel management program to
recognize and reward experts and teams that contribute to achieving research and
development program goals and objectives.

NASDA management recognizes the importance of software systems (onboard
processing, navigation and control, ground operation, payload operations, etc.) and
the implication of impacts on future space programs. We endorse and recommend the
involvement of software specialists for space systems development in order to
accomplish integrated validation and verification of all software with high reliability.

The effort to form “research communities” with the related external research
institutions in order to promote the leveraging of resources in the organization is
highly endorsed.

Cooperation and collaboration among the researches of the Office of Research and
Development and those in the external research institutions are advised to be more
enhanced.

We recommend the continued use of peer review process of research activities that
includes consideration of overall goals and priorities of the Office of Research and
Development.

* The plan for exchange of researchers and establishment of collaboration with
international research institutes is recommended to be expanded and enhanced.

It is endorsed and recommended that the Office of Research and Development
formulate Research roadmaps in order to structure and prioritize the research
activities. Qualitative and quantitative goals should be defined.

It is endorsed to utilize the in-space flight experiment programs such as Advanced
Engineering Demonstration Satellites. These programs will enable verification of new
technology concepts and realize more reliable performance of future missions.

* The NASDA management leadership should develop a process to communicate these
proposed changes to all staff members. Impact on NASDA programs and staff needs
to be understood before the implementation. The innovation should not be
substantially delayed and involve all the researchers both inside and outside NASDA.




2.2 SELENE Project

The SELENE project is the collaborative work between NASDA and ISAS, whose
satellite will be launched by H-IIA rocket in summer of 2003. The Definition Design
was performed from June 1998 to May 1999, and the Pre-Developmenf Review was
done in the period of June 21 to July 12, 1999 including Independent Review by experts
from the external institutions. The objectives of the SELENE Project are the
enhancement of science of the Moon, utilization of lunar observation data and
acquisition of the fundamental technologies for lunar and planetary exploitatidn.

The evaluation and recommendations for the SELENE Project by the
Subcommittee for R and D in 1998 are described in the beginning of this chapter. The
SELENE Project Team’s response as an Action Plan is as follows:

1) Risk management
The basic concepts are

a) Improvement of strategy of the project operation
» Clarification of the project team structure and the responsibility
* Independent evaluation at every milestone |

b) Preparation of “SELENE Risk Management Plan Document”
+ Identification, evaluation, and countermeasures for risks
* Documentation of the detailed plan of the risk management, etc.

Most probable risks are recognized as

* Risk 1 ---- Issues of communication and decision-making within the project
team

* Risk 2 ---- Issues of coordination between the observation mission and lunar-
landing mission, and among observation missions, as well as
unexpected contingencies during the operation

* Risk 3 ---- Development procedures of new techﬁologies

* Risk 4 ---- Delay in development due to researchers/mission instrument
groups with less project experience

Each countermeasure is defined for each risk and the effort to describe
attainment of the project by setting the Mission Success Criteria is presented.



2) Promotion of SELENE Data Distribution
a) Establishment of the Lunar Mission Operation and Analysis Center
b) Mission data are primarily used for analysis and research within the team
researchers, and also released to the general public

- Evaluations

By reviewing those progress status of the SELENE Project and action plan, the
Subcommittee evaluated and recommended as follows:

The SELENE project incorporated the recommendations by the Subcommittee in
1998 to develop a comprehensive risk management approach. This included detailed
documentation of all configuration activities for the spacecraft all instruments. and
mission operations. This approach is endorsed by the Subcommittee and represents a
necessary step to ensure successful outcome of this large joint program of NASDA and
ISAS. The efforts to keep close communications between the researchers of both
institutions, consolidation of management leadership beginning at the project leader
level appear to be reasonable.

- Findings and Recommendations
* Close communications with PIs (principal investigators) outside NASDA and ISAS

should continue and ensure all issues are addressed as part of the total mission
activities.

A plan to involve other mission users needs to be implemented.

A plan to utilize obtained data for a broad application to education and public
awareness of mission activities both in Japan and on a global basis should be
implemented.

* Four categories of mission success are defined beginning with the lunar orbiting
observation mission and continuing to the landing mission phase. The risk level and
mission success criteria are not adequately defined for each of the mission categories.

* The Subcommittee recommends a better quantification of the risk level and the

mission success criteria for each phase of this complex mission.

The Subcommittee recommends to pay special attention to continuous development
of a detailed implementation schedule for the SELENE project and integrate with the
comprehensive risk management plan that includes spacecraft, mission instruments

and operations.




* Understanding contingency planning for all phases of the mission needs to be
clarified for the program. ‘

3. Conclusions

The Subcommittee endorses the overall strategy and approach of the Office of
Research & Development that was presented for the innovation of all activities. The
NASDA management approach clearly reflects following recommendations from both
the Evaluation Subcommittee and the Special Committee of the Space Activities
Commission. This is a good beginning' but there are many challenges that need to be
addressed for both technical program content and personnel issues. This innovation
needs to move from the planning phase to the implementation phase as rapidly as
possible. Any change such as this in any organization requires involvement and
understanding of all levels of staff to ensure success.

The SELENE project represents a major complex joint space program between
NASDA and ISAS. The overall program management approach including a formal risk
management plan for all phases of the project represents the necessary first steps to
ensure mission success. This will require continuous evaluation of multiple critical steps
during the course of the program and identification and resolution of all technical and
management problems.
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