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1. INTRODUCTION

1.1 The Project

This report is prepared for Spar Aerospace Limited in
fulfillment of contract #21468TC REV. 1, December 13, 1982,
as part of a study for the Wational Research Council of Canada
to determine preliminary requirements for a Space Station.

The purpose of the report is to:

Determine the major potential Canadian users of a low
earth orbit space station and the potential benefits
accruing to Canada as a result of participation in the
international program.

A detailed Statement of Work is appended (Appendix I).

This report explores one facet of the potential benefits
which space activity may hold for Canada: those opportunities

which may be present in a Space Station program. Such a program,

comprising a range of hardware configurations, is under study
in the United States and elsewhere. Canada has been invited
to participate in the planning phases. The United States'
National Aeronautics and Space Administration (NASA) is the
lead agency for developing the Space Station proposal. NASA
is canvassing national and international user needs and capa-
bilities before deciding particular configurations for the
Space Station.

Philip A. Lapp Limited was asked to report on the
capability of the current and potential community of Canadian

users who could contribute to and benefit from a Space Station.

During January and February of 1983 a team from Philip A.
Lapp Limited contacted over 170 groups and individuals across
Canada to explain the Space Station project and to gather the

views of the user community. The results of that work form




-2 =

the basis for recommendations in respect of Canada's continuing

participatiomn in the Space Station project.

Breoadly speaking, there are two areas in which Canada could
participate in such a project. First is in the design, construc-
tion and operation of a Space Station; secondly, in con-
ducting scientific and industrial micsions using Space Station.
Canada has strong capabilities--in industry, in the universities

and in government--in both these areas.

The task of this study was therefore to assess: whether
there are suppliers and users of space equipment and facilities
who could contribute to and benefit from a Space Station; what
the potential, longer term opportunities of a Space Station
might be for Canada; and, what projects show promise for

Canadian participation.

The timing of the study required that following a December
start, the preliminary study findings be available on February 25,
which is necessary to allow the National Research Council of Canada
(NRCC) sufficient time to consider a Canadian response to the NASA
request and to meet the timetable imposed by NASA on international
participants. NRCC is the lead agency in Canada for the Space

Station program.

The original terms of reference of the study reguested
Philip A. Lapp Limited to investigate financial and/or qualitative
benefits of Canadian participation in Space Station. Detailed cost
and financial benefits could not be assessed in any credible
fashion due to the tentative nature of the individual proposals
identified in the study. However, each proposal was gqualitatively
evaluated on the basis of strategic benefit and state of technology

development.
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Science and technology are rapidly evolving fields. This
report was able to gather information over only a relatively
short time span. For these reasons we caution that our findings
be viewed as representing a "snapshot" of the Canadian situation
as it exists in the Winter of 1982/83. The detail of our con-
clusions undoubtedly will change over the years to come. This
suggests to us that if a "moving picture" of Canadian user
capabilities is considered to be desirable (we believe it to be
50), then a series of images will have to be assembled on a

regular basis.

We gratefully acknowledge the support and encouragement of
Spar Aerospace and the National Aeronautical Establishment of
the National Research Council of Canada, in the preparation of
this report. Philip A. Lapp Limited takes full responsibility

for its contents.

1.2 Background

Canada is one of a number of nations that have been invited
by NASA to suggest whether, and if so how, they might wish to
participate in a proposed Space Station program. The Space
Station would be launched in the 1990's. The cohcept of a
permanent facility in space, capable perhaps of supporting
a manned presence, has a long history. With the advent of the
Space Shuttle, the means are now available to construct and

service such a system.

For the purpose of this report,; the Space Station System
is considered to be an infrastructure composed of one or more

of the following elements:

o a manned station in low earth orbit assembled
through frequent supply flights of the shuttle STS

o unmanned, free-flying platforms, near and distant,
which can be wvisited by man through orbit transfer
vehicles (OTV), serviced by robotic vehicles
(Telemanouvering System), or retrieved from orbit
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geosynchronous (and beyond) satellites transferred
to orbit by OTV

dedicated sections of a space station or satellite
for individual projects or scientific experiments

tethered or co-orbiting satellites associated with
a space station

data relay

The principal advantages of such configurations are:

O

There are

o

o

the large physical size achievable through the —
assembly of separate payloads brought into low
earth orbit by the Shuttle STS

amortization of station costs over a broader base

the large electrical power potentially available
from such a space station

the opportunity of being able to re-visit the station
or satellite for the purposes of maintenance, replace-
ment or replenishment either in orbit or by retriewval
back to earth

opportunity for on-board data processing in operatiocnal
applications

manned satellites provide opportunity for real-time
decisions

the ability to co-orbit or tether an accompanying
satellite to provide isclation or environmental cir-
cumstances unattainable by any other means (e.g. towing
in the outer reaches of the atmosphere).

also certain disadvantages to users of a Space Station:

users will be subject to constraints created by other
user requirements, and by the final configuration of
the platform which will have to accommodate a wide
range of user needs:

data processing capacity and Space Station downlink band-
width will be a limiting factor for some users

the altitude and orbital elements of the Space Station’
may not be optimal for all users

the altitude and inclination of orbits

In the manned version, Space Station would begin with a small

crew based in a life-supporting environment. In time the

crew would grow to perhaps a dozen or more. Initially,

scientist/astronauts will conduct mission and payload tasks.
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Later on, user payload specialists will conduct on-orbit
scientific and industrial tasks. Such stations could be

permanently or occasiocnally manned.

The second possible configuration, unmanned platforms,

is being pursued by the European Space Agency. Their EURECA
(Buropean Recoverable Carrier) is described as an evolutionary
approach toward a space platform--a space craft with an autono-
mous manoeuvring capability designed to stay for some months in
an orbit higher than that of the Shuttle. It would return at
the end of its mission for rendezvous with the Shuttle to be
returned to earth. It would be refurbished and fitted there
with a new set of experiments. In the Space Station unmanned
platform concept the fitting and refurbishing could take place

in space.

Close and distant co-orbiting platforms would be designed
+o0 be serviceable by a permanently or occasionally manned space

station. They would be semi-autonomous vehicles.

In another version of Space Station, sections or modules
would be dedicated for use by individual nations or for indi-

vidual experiments or sets of experiments.

Tethered satellites would be connected physically by an
umbilical cord to a facility in low earth orbit (LEO). Power
and data links could thus be direct. The altitude of the satel-
‘lite could be varied and the satellite "reeled in" for servicing

by the crew of the Space Station.

The decision as to which of these options, or which com-
bination of options to be pursued will be determined, in part,

by the results of the user studies.

It is our strong belief that a S5Space Station system will
eventually be built. There is little doubt that the technological
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capability exists to construct such a facility. However,
certain questions must be answered before the necessarily
large sums of money are committed. What will be the benefits
of participating to each nation, socially, industrially and
scientifically? Are there alternatives to a space station?
What are the acceptable costs of participating? What are the
implications of international collaboration for national
sovereignty? What place does participating in Space Station

occupy in each country's national development priorities?

It is premature to attempt to answer these guestions
at this early stage of Space Station planning; as the process
advances, however, definitive information will have to be

gathered so that informed decisions can be taken.

The various international user studies which have been
conducted* have not attempted to promote the concept of
Space Station. Nor has this study. They have aimed
rather, at assessing the possible uses of such a facility.
Underlying this new phase of activity in outer space, not only
in the United States, but internationally, is a growing interest
and belief in the commercial potential of the space environment.
Outer space offers certain characteristics which may open

entirely new fields for commercial exploitation. They include:

low gravity
high ambient vacuum

high temperature gradients possible due to
absence of convection

o] high ambient radiation incidence

*Tountries participating include: USA, Canada, Italy, Japan,
West Germany and the European Space Agency nations.
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From a planning perspective, there are many experiments
which, requiring longer duration exposure to the space environment
than now readily available, cannot now be pursued. It 1s there-
fore becoming clear that, if a long-duration space facility were
available, there are commercial opportunities which could
follow. -

Despite the costs and risks involved, we are now starting
to see the beginnings of self-financed industrial research in
space. McDonnell Douglas and Johnson & Johnson {(Ortho Pharma-
ceutical) signed the first Joint Endeavour Agreement with NASA
for the production of pharmaceutical products. Their experiment,
a continuous flow electrophoresis system, flew on S§TS5-4 in June
1982. Together, the companies have invested "tens of millions"

in the project.

The high costs and risks associated with the exploitation
of outer space still present a great impediment. Increasingly,
nations are forming international consortia for the purpose of
spreading them more widely. A nation the size of Canada must
weigh the costs of participating in space activity at an early
stage, in the hope that technological and econcmic advantages
will accrue, against the risk of foregoing those same oppor-

tunities later on, should they be proven commercially feasible.

1.3 Methodology
1.3.1 Introduction

The methods and technigques employed in the Space Station
User Study were selected in order to permit the following
cutputs:

1. Identification of potential space station users by
sector and end use space application.
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2. Assessment of strategic benefits.

3. Space station requirements resulting from potential
Canadian uses.

4. Canadian sensor regquirements and sensor manufacturing
capabilities.

5. Time frame of expected use.

6. Recommendations for future action.

These outputs were considered to be necessary components of the

government decision-making process vis-a-vis Space Station.

If Canada is to participate in long duration space activi-
ties, a minimum requirement is a community of possible contributors
to and users of the associated facilities. Canadian industrial
involvement in the design, construction and operation phases
of long duration facilities such as Space Station is a desirable
objective, assuming that reasonable contributory arrangements
can be made with international partners and equitable returns
realized. The identification of these users and contributors

was a key objective of the study.

Most importantly, in accord with Canadian space policy,
Canadian Space Station involvement would be predicated upeon an
assessment of economic, social and cultural benefits to‘the
nation. The attainment of those benefits would be contingent
upon there being a community of Canadian industries, university
and government scientists, and other potential users willing
and able to exploit the known and anticipated potential of

outer space, in the national interest.

In the expectation that some users would suggest specific
proposals for use of Space Station, a means of assessing the proposals
was deemed necessary. Criteria were therefore established, and
weighted, that would permit an evaluation of the strategic
benefits and the extent of technology development of each

proposal.
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It was an original objective of the study to attach costs
to the suggested user proposals. In the end this was found not
to be possible, in view of the inability of proposers to make
credible cost estimates. In part this was due to the
short time which respondents had to propose Space Station uses.
Thus 1t was considered any detailed cost estimates would be too un-

reliable to serve ag useful evaluation criteria at this time.

The time frame of the projected industrial contribution
and uses was thought to be an important factor. Again, given
the nature of most of the expressions of interest, it was
considered that only a broad range of estimates should be

made in the report.
Finally, a set of recommendations arising from the study
findings and designed to move toward Canadian involvement in

Space Station is proposed.

1.3.2. Sample Selection

The very short time frame in which conclusions had to be
drawn, combined with the need for a face-to-face explanation
of the technical aspects of the project, dictated a structured
interview format for the information-gathering phase of the user
study. The limited time available for the study meant that a
selective list of study participants had to be assembled. In
total, 174 groups in five geographical regions were contacted

and interviews held with meost of them.

Two main criteria were used to differentiate potential

study participants. The group was segmented by
sector and by end use application. A2An effort was made to

contact a representative number in each category. Overall, we
feel confident that we have contacted representatives
of all the intended groups, though we do not claim that our
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interview list was exhaustive in a statistical sense. The number
of groups which would potentially be affected by a long duration

space facility is very large indeed.

The sectors which were used in choosing the study partici-

pants were:

0 Industrial groups active in space, either as suppliers
or users of space hardware or services

Public sector groups active in space
University space scientists and engineers

e} A group of other potential users of space services
including a social/cultural group

The end use application sectors in which participation was

sought were:

Remote sensing
Communications
Materials processing
Naticonal defence
Space scilence

Space technology
Medicine/biology

O 0 o o 0o O ¢ 0

Social/culture

Appendix 2 lists the groups contacted. It also contains
names and affiliations of the Philip A. Lapp Limited project

teamn.

1.3.3 The Interviews

Philip A. Lapp Limited interviewers first contacted
respondents by telephone to explain the nature of the project
and to seek their cooperation. In order to provide interview
respondents with information on the Space Station project, a

background paper was mailed to each, prior to the interview,
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The preparation of this paper was facilitated by information
presented at two short discussion seminars by a small number
of people active in space science and technology. One group
met in Toronto; the other met in Ottawa. The background

paper and a list of those participating in the seminars are

to be found in Appendix 3.

Interviews were held in Victoria, Vancouver, Calgary,
Edmonton, Saskatoon, Winnipeg, Sarnia, Windsor, London, Fort
Erie, Toronto, Kingston, Ottawa, Montreal, Quebec, Halifax,
Fredericton and St. John's.

Each interviewer was equipped with a structured interview
guide (Appendix 4). Four different guides were prepared, cor-
responding to the sector of the interviewee. The interview
guides were patterned to elicit responses to similar assessment
criteria. The specific guestions asked were aimed at providing
information on interviewees and on thelr comments, expressions
of interest, and potential projects. Background information
was gathered on the organization's activities, capabilities,
future plans and attitude. Interviewees were encouraged to give

their own ideas rather than mechanically answer guestions.

Following the interview, interviewers completed a report
form, again in a structured format (Appendix 5). The report
forms provided the raw data for the assessment of the responses.
Some interviewees were invited to write detailed proposals

following the interview.

1.3.4 Assessment of Results

Prior to the interview phase of the study an assessment
plan was drawn up and discussed with the client, Spar Aerospace,

and the National Research Council of Canada. The plan comprised
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a matrix of criteria described either as Strategic Benefit or
State of Technology Development to assess the responses classed
as proposals.

The Strategic Benefit criteria against which proposals were

to be rated attempted to answer the following guestions:

o Did the proposal enhance existing Canadian technolo-
gical capabilities?

Did it contribute to national sovereignty?
Did it contribute to national prestige?

Would it result in greater access to foreign
technelogy?

o

Were there new commercial opportunities?

Were existing commercial activities enhanced?

What was the effect on regional development?

Were opportunities for international exchange improved?
Would there be new opportunities for cultural expression?
Would the proposals contribute to world knowledge?

o 0 0 0o 0o 0O

In the final analysis, the strategic criteria were grouped

under four main headings in order of significance.

Bconomic Opportunity

National Interest

Advancement of Knowledge

0 O ©

Regional Development

I+ was recognized that respondents' suggestions would also
have to be assessed against their ability to implement them,
and the extent to which Space Station is necessary in order
+o have a realistic measure of "attainability". Thus, a set

of Technology Development criteria was established:

o Were proposals consistent with the organization's
current activities, skills and capabilities?

o) Were they a natural extension of those capabilities?
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What was the degree of commercial interest?
Did the proposals show some technical potential?

Was there a potential for new products?

0o © O

Did the organization possess the Research and Develop-
ment skills to bring the proposal to fruition?

0 What incentives might be required to make the
propeosal viable?

o To what extent would Space Station be necessary?

As with the Strategic Benefit criteria, the Technology
Development criteria were grouped to facilitate the analysis
in order of significance.

o Innovation potential of the proposal

o Existing capability of the organization

o Extent of Space Station contribution

o Stage of development of the proposal

Thus each proposal's rating was a combination of an assess-—
ment of its strategic benefits and its technology development.
The results were tabulated in a format using the eight assess-
ment criteria (four strategic and four technology). Each
assessment was assigned a number on a 1 to 5 scale (1 low, 5 high),

giving eight numbers for each proposal.

In a separate exercise the project team weighted the
criteria. Their combined weightings were averaged and the
averages became weighting factors which were applied to the
results of the criteria assessments. In order to test for
consistency among weighters, the weighting exercise was tested
by dropping the high and low weighting scores for each criterion.
I+ was found that this had no significant effect on the result.

Thus the criteria ratings for a proposal were multiplied by
the weighting factor for each of the criteria and a welghted
score (actually, eight sub-scores) assigned to each proposal.
The strategic benefit and technology development scores
(four each) were each summed and averaged and the resulting
numbers used to site the proposal on a graph (strategic and

technology) with strategic benefit as ordinate and technology
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development as abcissa. The relative positions of the

proposals with respect to each assessment grouping of criteria
are thus displayed for comparison. The purpose is to indicate
trends; the individual points should be considered as representa-

tive only.



2. FINDINGS

The interviews elicited responses ranging from enthusiasm
for an immediate start on a space station program to suggestions
that any activities in space are to be avoided on the grounds
of lack of return on investment. In order to group this spectrum
of interviewees so that an appreciation of the capability and
willingness of the community to work toward a program to use
space station can be assessed, the returns have been compiled
under three categories:

0o proposals

o comments

o "nil" responses

A response was considered to be a "proposal" if it met the
following criteria:

- the proposal could be carried out

- the proposal involves a payload and the ability
to analyze data

- the proposal would be managed and funded by Canada
- can be a self-contained operation in space station
- may require a preparatory technological program

- potential application identified

- individual or organization are already in the business

Moving further from possible participation, there was a
class of respondees ranging from those who expressed general
support for Canada's pursuit of space activities to those who
hold the view that there are other programs having a higher
priority. This group had generally no considered proposals to
use Space Station. Also included are a number of people who
are more concerned with policy considerations than with specific

uses. All these are collected into the category of "comments”.

Finally, there was a group who see no value to their organi-
zation for expenditures on space activities or who have no opinion

to offer. Some of those included in this category are colleagues
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of others who gave more positive replies, and who declined to
be formally interviewed on the grounds that all significant

information had already been obtained. These are the "nil" responses.

Each category is discussed in more detail below, and the

overall results are presented in Table 2-1.

The summary information in Table 2-1 leads to a number of
observations. By chance rather than intent, there were equal
numbers of industry suppliers (manufacturers) and users. In
fact, about half of all those interviewed fall into those two

groups.

While there were a number of "nil" responses from industry,
a significant proportion of this class responded in the light
of the long lead time to commercialization for space station
activities and a concomitant concern with the state of the

economy today.

On a percentage basis, the government replies in the
"comments" category are the greatest, reflecting, in part, the

positions held by the people interviewed.

The individual categories will now be considered in more
detail.

2.1 Proposals

The proposals fall into two groupings-—--those in
an advanced stage of planning and those that are somewhat less
well developed. In the former grouping the proposed uses are
essentially sophisticated extensions of existing applications.
There are others, however, that involve known processes in a
new environment where the ground-based laws no longer apply

and behaviour is not possible to predict.
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The statistical information pertaining to "proposals" is
given in Table 2-2. One half of those interviewed responded
with information that could be assessed in terms of the strategic
benefit to Canada. Also, each sector is well represented, and
it can be concluded that the ingredients are present to develop
programs that will have wide support and which will involve

many segments of the economy.

Two application areas dominate the "proposals'"-~-remote
sensing and technology. This can be attributed to the active
program that has been pursued for the last fifteen years in
the former field, and the level of capability that has been
developed in Canada as a result of the support space programs
have received for almost three decades. There appears to be a
firm base from which to proceed to the next stage of space

activity.

The areas of materials, medicine {(including biology) and
science produced a number of proposals for advanced projects
in space. The spread of interest is what would be expected,
with the university community strong on space science and all
sectors making proposals in the other two fields. The fact
that communications does not seem to have evoked many proposals
is primarily a conseguence of the present strong program focussed
on geo-stationary satellites and does not signify a lack of interest
in future space programs. One proposal was made from the social
field. This has promise for quick application when Space Station
is in place and if pursued, will generate interest among the

public for space activities.

2.2 Comments

Responses falling within this category spanned the spectrum
from general support for the concept of participation in Space
Station to belief that there is little justification for activity
in this area at this time. Some also remarked on possible

legal or jurisdictional problems, mainly associated with rights
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to technology, data, etc., when Canada 1s inveolved in interna-

tional space programs.

Table 2-3 shows the general areas within which the comments
fall, by sector. The wide range of observations is clearly
demonstrated. It should be emphasized that the generally
negative replies are somewhat "soft" in as much as they do
not represent an opposition to Space Station; rather, that
such a program is not very important in their view at this
time. Almost twice as many responses in this category were
supportive as were unsupportive. The community represented
by this group expressed an essentially "wait and see" view-
point and with a few exceptions, it is unlikely that any
significant proposals will be developed within the foreseeable

future.

2.3 "Nil" Responses

About 30% of those interviewed responded with observations
that have been classified as "nil". The type of "nil" response
is presented in Table 2-4. Forty percent of those in the
group see no use for, or have no interest in, Space Station.
The industry response is evenly split between supplier and
user - nearly all of whom are working toward the development
of technology. These are the ones that might expect to
contribute to andbenefit from Canadian participation in Space
Station. As mentioned previously, this situation may be due
to the present economic climate. With respect to the
government sector, this is partly a reflection of the range of
people interviewed, many of whom are engaged in competing
programs that have needs not in keeping with the concept of

Space Station.
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Many of those who had nothing to say are in organizations

where others have, in fact, spoken for that organization.

In that sense, one cannot attach a great deal of significance

to their "nil" response. There were only one or two people

who criticized space programs in general on the grounds
that they are far from cost effective.



3. RESULTS

3.1 Introduction

The findings described above revealed a number of subject
areas under which proposals can be grouped, and within
which proposals could be assembled from the interests
expressed by many of those interviewed. 1In this section,
such groupings are formed, thus creating a structure for
depicting the Space Station Canadian user community requirements.
The moulding of this structure in order to articulate benefits
from Canadian contributions to Space Station, and to establish
cross-national liaison and communication will be critical to
the success of any future Canadian participation. The groupings

are summarized in Table 3.1 by sector of interviewee.

Each group is discussed in the context of the proposals
made, the comments received and "nil” reports. Proposals
have been summarized in tabular form with reference to
strategic benefits and state of technology development. The
results of this process have been translated into graphical
form, upon which certain observation may be made and from which

conclusions can be drawn.
Seven groups have been identified:

remote sensing
communications
materials
science
technology
medicine/biclogy

c 0 0 O O 0O ©

sccial/culture

Each group is treated separately below.

The proposals received covered a range in respect of

degree of preparedness; some were conceptual, others quite well
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developed. For the latter, it has been possible to attach
some estimates regarding timing and potential application. The
results of this exercise are shown separately in Appendix 6.

The discussion which follows, however, includes all proposals.

One intended result from the study was the identification
0of requirements to be met by Space Station in order to satisfy
the needs of users. During the interview process it became
apparent that hard specifications would not be obtainable.
User views on space station configurations are discussed in
the following sections to the extent that information is

available.

3.2 Remote Sensing

Of those organizations or persons interviewed, 47 were
associated with remote sensing. Of these, 28 made proposals
for the use of a Space Station, a further 9 had comments to
contribute and the remaining 10 were classified as "nil"
responses. A total of 32 proposals were evaluated from the

28 groups making proposals, falling into five groupings:

L. Thematic Mapping--6 proposals
2. Topographic Mapping and Surveying--3 proposals
3. Change Monitoring--11 proposals

4, Sensor and Data Processing Development--
9 proposals

5. Special Applications--3 proposals

It is worth noting that 17 of the proposals stated that a
space station infrastructure was essential, whereas 15 were
such that while a Space Station was sufficient, the require-
ment could be fulfilled by a conventional, free-flying satellite

or space platform.

Proposals, comments and "nil" responses are covered in the

following sections.



3.2.1 Remote Sensing Proposals

The 32 remote sensing proposals are listed in Table 3-2,
grouped under the five headings listed above. They also have
been plotted in Figure 3-1 using the methodology outlined in
Section 1.3. There were no advanced proposals within the
remote sensing group, and so those listed in Table 3-2 were

extracted from interviews in which interest was expressed.

The remote sensing proposals are divided inte five subject
areas:
Thematic Mapping
2. Topographic Mapping and Surveying
Change Monitoring
Sensor and Data Processing Development

5. Special Applications

The overall distribution of the array of points in Figure 3-1
suggests there are proposals that would yield significant
strategic benefits with relatively little need for technology
development (those points lying in the upper left corner of the
array). An imaginery line pivoting about the lower left corner
of the graph clockwise from the vertical sweeps out a sector
that will contain proposals of increasingly lower strategic
benefit and state of technology development. For example,
Sector "S" contains seven of the nine sensor and data processing
development proposals which rate the highest of the five groups
in terms of strategic benefits and state of technology development.
Sector "C" contains eight of the eleven proposals labelled "change

monitoring"which as a group rank lower than the sensor proposals.

1. Thematic Mapping

Six proposals were evaluated under the heading of
thematic mapping which is the assignment of attributes to a
planimetric map in accordance with a variety of themes.
Typical themes include forest inventory, land use, surficial

geology, bed rock geclogy, agriculture, hydrology, etc.



No.

Proposal

Thematic Mapping

T-1

T-2

T-3

T-4

T-5

T-6

High Resolution Synoptic
Imaging Radar

Passive Microwave Radio-
weter with 1 km array

High-Resolution Wicro-
wave Scanner

Determination of shorter
wavelength features of
earth's gravity field

Thematic Mapper on 50°
Space Station

Monitoring earth defor-
mations via laser
ranging

Topegraphic Mapping and Surveying

M-1

M-2

M-3

Recovery of fiim from
on-hoard cameras

High resolution sensors
and geodetic positioning

studies of atmospheric
refraction with geo-
detic emphasis(distribu-
tion of water vapour

in troposphere)

Change Monitoring

c-1

C-2

c-3

Monitoring Lake Levels
far Hydroelectric
Power Application

Remote Sensing Power
Line Conditions

CCD Array Scanners for
water, vegetation
analysis

TABLE 3,2 (Page 1 of 3)

REMOTE SENSING PROPOSALS

STRATEGIC BENEFIT

Economic National
Opportunity Interest
Useful Very
important
Useful Beneficial
Useful Beneficial
None Little
importance
Nohe Beneficial
None Little
importance
Major Beneficial
Minor Beneficial
None Little
importance
Major Benefictal
Moderate Beneficial
Useful Beneficial

Regional
Development

Contributes

Moderately
Distributed

Moderately
Distributed

Concentrated in
existing areas

Concentrated in
existing areas

Concentrated in
existing areas

Well distri-
buted

Moderately
distributed

Concentrated in
existing areas

Well
Distributed

Well
Distributed

Concentrated in
Existing Areas

TECHNQLOGY DEVELOPMENT

Space
Advancement Station
of Knowiedge Capability Development  Potential  Advantage
Significant Growth R&D Favourable Sufficient
Significant Embryonic Concept Favourable Necessary
Significant Embryonic Concept Favourable Necessary
Very significant Embryonic Concept Average Necessary
Insignificant Mature Proven Unfavour- Sufficient
able
Insignificant Embryonic Concept Average Necessary
Insignificant Mature Proven Unfavour- Necessary
able
Moderate Mature Proven Unfavour- Sufficient
able
Very significant Embryonic Concept Average Necessary
Moderate Embryonic Concept Unfavour- Sufficient
able
Moderate Embryonic R&D Average Sufficient
Moderate Non-Existent Concept Average Sufficient

BE



No.
£-4

C-5

C-6

C-7

Proposal

Navigation and Renote
Sensing HMydrological
Applications in B.C.

High resolution stereo
imagery for Woodlot
inventory

Surveying and Mapping
of Woodlots during
Cutting application

High resolution stereo,
geo-referenced Imagery
for forest inventory

Test [ce Space Radar

Human observations of
icebergs and episodical
events

Pollution (502. NO,, )
Monitoring

Remote Sensing of
Migratory Bird Habitats

TABLE 3-2 (Page 2 of 3)

STRATEGIC BENEFIT

Economic National
Opportunity Interest

Moderate Beneficial

Useful Beneficial

Useful Beneficial

Useful Beneficial

Minar Beneficial

Hone Very important
None Beneficial

None Little importance

Sensor and Data Processing Development

5-1

5-2

5-3

5-6

5-7

5-8

5-9

Scanner and Pollution
Sensor Development

Space Laser Radar
Devejopnent

Testing of Sensors and
On-Board Processors

On board processing
aof R/S Data

Multi-Frequency
SAR - 8 -10 KW

High-Resolution
Sensors and On-Board
Processing

CCO Imager

Wide-Swath
Scatterometer

Fluorescence Line
fmaging from
Space

Major
Major
Useful
Moderate
Useful

Useful

Useful
Useful

HMinor

Yery important
Yery important
Beneficial
Beneficial
Beneficial

Beneficial

Beneficial
Beneficial

Beneficial

TECHNOLOGY DEVELOPMENT Space
Regional Advancement Station
Developnent of Knowledge Capability Developwent  Potential  Advantage
Moderately Moderate Early Concept Average Sufficient
Distributed Growth
Congentrated Moderate Early R&D Average Sufficient
in existing Growth
areas
Concentrated in Moderate Embryonic Concept Favourable Sufficient
existing areas
Concentrated in Moderate Growth Prototype Average Sufficient
existing areas
Concentrated in Significant Growth R&D Average Necessary
existing areas
Contributes Insignificant Mature Proven Unfavour-  Necessary

able
Concentrated in Moderate Growth Prototype Average Sufficient
existing areas
Moderately Moderate Embryonic Concept Unfavour-  Sufficient
distributed able
Concentrated- in Significant Growth Praven Favourable Necessary
existing areas
Concentrated in Very signifi- Growth R&D Very Necessary
existing areas cant favourable
Concentrated in Significant Mature Prototype Favourable MNecessary
existing areas
Concentrated in Significant Mature Prototype Favourable Necessary
existing areas
Moderately Moderate Growth R&D Average Necessary
distributed
well Moderate Ewbryonic RaD Favourable Necessary
distributed
Concentrated in Moderate Growth Prototype Average Necessary
existing areas
Concentrated in Significant Non-Existent Concept Average Sufficient
existing areas
Concentrated in Insignificant Early Growth R&D Favourable Sufficient

existing areas

67



No. Proposal
Special Applications

S5p-1 Spotlight SAR for S.A.R.

Sp-2 Linb Scanning of the
Atmosphere

Sp-3 Planetary Fluid Dynamics
Simulator

TABLE 3.2 (Page 3 of 3)

STRATEGIC BENEFIT

Economic National
Opportunity interest

None Yery important
Nane Beneficial
None No Importance

TECHNOLOGY BEVELOPMENT

Space
Regional Advancement Station
Development of Knpwledge Capability Development Potential Advantage
Well distribhuted Insignificant Early Grawth Concept Favourable HNecessary
Concentrated in Very signifi- Embryonic R&D Unfavour-  Sufficient
Existing Areas cant able
Concentrated in Very signifi- Embryaonic Concept Yery Necessary
Existing Areas cant favourable
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The projects proposed fell into a narrow technology develop-
ment middle band, spanning a wide range of economic benefits
from almost the highest to the lowest in the Figure 3-1 array.
High benefits were attributed to active and passive microwave

thematic mapping.

The high incidence of cloud cover over Canada and the
arctic darkness have limited the usefulness of visual and
infrared imaging sensors. Active microwave Sensors, particularly
synthetic aperture radars (SARs), are capable of penetrating
cloud and darkness to provide high-resolution images of value
for thematic mapping. The full extent of the benefits of SAR
are not vet understood because of the limited civilian experi-
ence with such space-borne radars (Seasat for 100 days). The
remote sensing community believes that SAR can be of ma’jor
economic benefit to Canada, principally for ice reconnaissance

in the arctic and for geological mapping over land.

Microwave radiometers provide radiance maps at a variety
of wavelengths which can be related to physical features on
the earth's surface. They operate in a variety of wavelength
bands corresponding to windows in the atmosphere, and can

penetrate clouds and darkness like SAR.

Both SAR and microwave radiometers can and have flown on
free-flying satellites, but the applications envisaged for
Space Station involve large antenna arrays {in the case of
radiometer, up to 1 km. in dimension) , as well as complex,
on-board data processing in order to minimize telemetry
bandwidth requirements. Both requirements necessitate a
large enough vehicle with sufficient space and power to be

classified as a Space Station.

Three proposals assessed with relatively low strategic



benefits include mapping of specific parameters (earth
deformations and gravity field} and higher coverage freguency

of a Landsat 4-type thematic mapper.

2. Topographic Mapping and Surveying

Three proposals fell into this category. The first,
M-1, was the use of a space station to recover film from a
metric, photogrammetric camera of appropriate focal length
for mapping from orbit. It scored the highest rating in
strategic benefit and state of technology development.
Photographic film still offers the highest resolution of all
current sensors, and the ability to conduct otherwise conventional
photogrammetry using photographs taken at orbital altitudes
can be of major strategic value when cloud cover is sufficiently

low,

The second proposal was general, and indicated the wvalue
of receiving imagery of sufficient geometric and resolution
guality to be used for topographic mapping. Such a require-
ment might be met with push-broom CCD scanners that could be
developed in Canada (see"Sensor and Data Processing Development"
below}. A space station is sufficient for such sensors but

not essential for an operational system.

The Landsat 4 Thematic Mapper is being evaluated for use
in revising 1:50,000-scale maps (the largeds: federal scale).
Difficulties have been encountered in viewing the terrain
under varying light and seasonal conditions, and in the geometric
accuracy of some images. These early problems should indicate
appropriate directions for future sensor development. With
the present cessation of Landsat 4 Thematic Mapper transmissions,
it may be necessary to wait until the launching of the French
satellite SPOT in 1984, which will provide stereo coverage with

a ground resolution of 10 metres, before proceeding further with



space-based topographic mapping applications.

The use of silicon devices to replace photographic emul-
sions is moving forward very rapidly, and "silicon mapping"
from space will be commonplace before the end of the current
decade. The space station in : 50° LEO will provide the
necessary coverage of the culturally-developed regions of
Canada to make it a prime platform candidate for experimental
silicen mappers before they reach an operaticnal status.

The third proposal was to use Space Station as a base
for measuring atmospheric refracticon due to water vapour (using
laser and microwave imagers) for the purpose of improving the
accuracy of gecdetic measurements using satellites. It was
rated lower in strategic benefits and technology development

than the other two proposals.

3. Change Monitoring

Change monitoring received the greatest number of
separate proposals of all remote sensing categories, eleven in
number. It embraces such activities as forest monitoring, crop
monitoring, ice reconnaissance, water resource monitoring,

flood monitoring, wildlife habitat monitoring, etec. Figure 3-1

shows that the change monitoring proposals fall mainly into the
medium range of strategic benefits and state of technology
development. The proposals cover the monitoring of changes
in:

lake levels for hydroelectric power applications
Power line conditions

water and vegetation analysis

hydrology

woodlot inventory

ice and icebergs

episodical events

air pollution

o © 0 ¢ 0 0o O 0O ¢

migratory bird habitats.



The above list is ranked in descending order of assessed

strategic benefit. Ice monitoring requires large radars
necessitating the power available in a Space Station; iceberg

and episodical event monitoring requires that a person be on-board
as an observer and interpreter, and thus also needs a space
station. For all of the other applications, a Space Station

is sufficient but not necessary.

However, among the total community that use satellite
imagery for the monitoring of change, there is a universal
complaint: they cannot obtain the data freguently or fast
enough to be able to use it operatiocnally. A Space Station in
ha 50° LEO would increase the coverage of the populated areas
0of the world enormously over the present Landsat coverage which
is every 18 days at these latitudes. Thus Space Station
could be of particular value for monitoring of change
more because of its orbit than because of its cother features,

except for the two essential requirements stated above.

4, Sensor and Data Processing Development

There were nine proposals received that pertained to
interest in developing sensors or data processing systems for
space. In descending order of assessed strategic benefits,

they cover:

o space laser radar for pollution monitoring
and survey applications

o CCD pushbroom scanner for pollution monitoring
and mapping applications

o On-board data processing, to simplify data
management and transmission from Space Station

o multi-frequency synthetic aperture radar (SAR)
using 8-10 kw. of power

wide-swath scatterometer for ocean wave monitoring

fluorescent line imager for ocean productivity
mapping



'Figure 3-1 shows that in terms of strategic benefits and state
of technological development, sensor and data processing activities

rate higher than any of the other remote sensing categories.

It is not surprising that sensor and on-board processing devel-
opment rate as highly ag they do. The related industries have been
supported principally by the Canada Centre for Remote Sensing
since the early to mid-1970s in establishing their technical
teams and capital facilities. The space station application
is a natural extension of the range of use for this Canadian
technology. A listing of Canadian sensors with potential for

use in space 1s contained in Appendix 7.

Sensor developments couple back to the other remote
sensing categories because they reqguire sensors of the type
listed above. In particular, the CCD push-broom scanner and
multi-freguency SAR sensors (coupled with on-board array
processors to make telemetry tractable) rate highly among the
sensor proposals because they are very relevant to topographic

and thematic mapping, and change monitoring.

5. Special Applications

Three proposals were made by remote-sensing inter-
viewees that did not fall within the above four categories.
The first is the use of a spotlight SAR (high definition,
narrow beam, synthetic aperture radar) to help identify the

location of search-and-rescue transmitter signals--
a worthy cause which rated only moderately under strategic

benefits, but at a potentially high state of technological



development. It likely would require a Space Station to

provide the power and pointing stability needed.

A second special application is the development of a limb
scanning spectrometer for detecting and measuring molecules in
the atmosphere such as OH, 02, NO, NOz, 03, etc. While the
purpose serves mainly scientific objectives, the remote sensing
instrument itself falls within the sensor category and brings

with it a major Canadian capability.

The final special application proposed by a remote-sensing
group is to develop a laboratory model of planetary fluid
dynamic phenomena for use in the space station. It would be
used to study such problems as the effect of waves impinging
on continents, ocean circulation around the poles, etc. An
analogue spinning globe would be mounted in the space station
complete with fluid and an atmosphere. Various perturbations
could be applied to such a model, and the resulting effects
measured, It would need to be wvisited pericdically, but could
be set up in an unmanned space vehicle. While this proposal
is essentially scientific in nature, it was made by a remote
sensing group, and remote sensing technologies would be needed

to make it work.

3.2.2 Remote Sensing Comments

Comments on remote sensing applications of the Space Station
were made by nine interviewees. Their interests spread
across a wide spectrum and thus there was little coherence
in the comments noted by the interviewers. They included
the following thoughts synopsized for the sake of brevity:
o} there were a number who believed that Bpace Station
should be used as a test facility for new sensors

before they are committed for operational use on
free-flying, dedicated satellites



o a number commented on the limitations of current
Landsats and expressed hope that new sensors on
Space Station would overcome them. Most noted short-
comings were frequency of coverage, need for higher
resolution, speed of turnaround of data

o} a particularly useful suggestion was a program to
develop a technique for pointing satellite-borne
sensors at cloud openings

o) a view was expressed against on-board processing of
remote sensing data, arguing that most users want to
work with original data sets

o several contributors expressed a desire for polar
orbits to obtain better coverage of Canada's arctic;
and one commented that GEQ would provide the
frequent, synoptic coverage needed by those in the
meteorology field

o it was commented that 3 metres per pixel is the
resolution needed to revise 1:50,000 NTS maps; also,.
there would be little need for stereo imagery of
Canada in the 1990s because almost all of Canada
will be mapped by then (at 1:50,000)

o the largest use for space mapping will be in the
third world

Q it was pointed out that the space station infrastruc-
ture would not be needed for position fixing because
of the GPS program and other spacecraft that can
be used in Very Long Baseline Interferometry (VLBI)
techniques

o one group expressed concern about the proprietary
aspects of data from space station and the patent
implications of sensors and other payloads placed
on board the station vis-a-vis NASA and US interests.

3.2.3 Remote Sensing "Nil" Responses

The "Nil" responses by remote sensing organizations
can be classified into three general areas: those that are
end users of remote sensing data but see no particular advantage
of space station (4 in this group); those that would have an
interest at GEO (2 in this group); and those that feel space

station is just too far ahead for them to plan or think about it



(3 in this group). One respondent expressed alarm that
"Canada would seriously consider getting involved in the program
given the state of the economy and the esoteric nature of a

space station project".

It was generally believed by those that conducted the
interviews that a significant proportion of the "nil" responses
would become positive toward Space Station should the program
gain momentum in Canada, and investments be forthcoming from

government or industrial sources.

3.3 Communications

Eighteen interviewees gave infomation that has been classed
under the heading of Communications. Qf these, four made pro-
posals which could be rated for strategic benefit and state of
technology development, eleven made comments and four were

"nils".

3.3.1 Communications Proposals

The assessment of the four proposals is given in Table 3-3
and the graphical display in Figure 3-2. It is apparent that
the state of technology development is high, resulting from a
long history of space-based communication systems, and from
the need for Space Station in order to proceed with the pro-
posals. The strategic benefits do not appear large, due 1in
part to the operational and technology programs already

operating.

The four proposals fall into two distinct groups, the one
ranking higher containing proposals for space hardening of
telecommunication equipment and extension of current experiments
dealing with waves in space plasma. In both cases a long
duration space flight with a recoverable feature is necessary.



Economic
Proposal Opportunity
Low earth orbit Hone

satellite for

store and forward
video and audio
from non-North
American satellites.

Repair, re-supply
proving and
hardening of
telecommunications
satellites

Provision of space
station Communica-~
tions systems

Waves in Space
Plasma

Hoderate

Minor

Moderate for

construction of

wave injection
facility

STRATEGIC BENEFTT

National
Interest

No importance

Beneficial

No Importance

Beneficial to
maintain
Canadian
competence

TABLE 3.3

COMMUNICATIONS PROPOSALS

TECHNOLOGY DEVELOPMENT

Regional Advancement of Existing
Development Knowledge Capability
Could contribute Insignificant Mature

to services in

remote countries

Concentrated in  Insignificant Embryonic

existing areas

Concentrated in

existing areas

Concentrated in
existing areas

Insignificant

Moderate

Early growth

Mature

. Space
State of Innovation Station
Development  Potential Advantage
Proven Average for Necessary
development
of store and
forward
operation
Concept Favourable Necessary
R&D FavourabTe Necessary
Prototype Favourable Necessary
shuttle
times
too short,
interfer-
ence from
other pay

loads.

|
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The remaining proposals did not score highly in respect of
strategic benefits. In one case, comments received from other
interviewees suggested that the opportunity identified could be

captured by other means using existing systems.

3.3.2 Communications Comments

Over one-half of the interviewees in the communications
field responded with "comments"; this is the highest fraction
encountered, and is consistent with the state of development
of the subject. While there were relatively few proposals
from this community, there is considerable support for pushing

ahead into new space technologies.

An overwhelming proporticn of the comments (12 out of 18)
see space station as a national opportunity for which we should
position ourselves. This observation came equally from industry
and government and in the former case even where there did not
appear to be any discernable commercial opportunity. This
view was tempered, however, with a number of suggestions that

space station will have little application for communications.

3.3.3 Communications "Nil" Responses

There were four *nil" responses, two industry interviewees
who had no interest in Space Station and two from the public

sector who had nothing to say.



3.4 Materials

The subject of materials processing in space has received
considerable attention both in Canada and elsewhere. This
survey will not attempt to retrace steps that are well known
and documented; a comprehensive report on the subject has
been prepared by the National Research Council of Canada (1).
Many of the people who participated in that study were inter-
viewed during the course of our survey. Their observations,

along with others, are catalogued and assessed.

Twenty interviewees responded with information that has been
classified in the field of materials. Of these, thirteen made
specific proposals, two offered comments and the remaining
five are "nils". Activity in this subject is well distributed
both by geographic location and by sector, extending from coast

to coast and including all three sectors.

3.4,1 Materials Proposals

Assessment of the thirteen proposals is presented in
Table 3-4 and the results plotted in Figure 3-~3. One proposal
significantly exceeds the others in both strategic value and
state of technology development. This relates to the study of
the effect of the space environment on polymer matrix composite
materials. These materials could have an important role to play
in space structures provided the environment has no deleterious
effects.

The upper enclosure encompasses a family of proposals
relating to crystal growth and solidification studies. This
grouping rates above average strategic benefit primarily as a
result of the potential for advancement of knowledge in a subject

area of considerable importance to a metal-producing country

(1) - New Opportunities in Space: Proposed Canadian Research ip
Microgravity, Report of the Ad Hoc Committee on Microgravity,
National Research Council of Canada, September 1982.



Proposal.

irvestigate the
processes by which

radiation damage
occurs in solid state
memaries.

fuild a

micra gravity
furnace for
growing highly-
refined Hg-cd-Te
crystals.

Study of alloy
processes in absence
of gravity and
crucible.

Oesign and

fabricate facilities
for materials pro-
cessing in space

Study of solidi-
fication processes
in entectics

Stody of crystal
growth
frocess in space

Study of orowth

of Bi-Sb single

crystals of high
quality

Study of inter-
face phenomena in
metaliic and semi-
conducting crystal
growth

Effect of space

environment on polymer

matrix composite
materials

Materials
research in space

Econamic
Opportunity

Moderate if a method
of overcoming the
prablem is developed.

Minor unless studies
reveal advantages for
processing in space.

Moderate

Minor

Minor

Moderate

Minor

Moderate

Useful for

construction of future

space structures

Moderate

STRATEGIC BENEFIT

National
Interest

Mo importance

Little impor-
tance unless
processing in
space proves
advantageous

Beneficial

No importance

Little
importance

Little
importance

Little
importance

Little
importance

Very important

if Canada is to
undertake con-

struction of

space structures

Little importance

TAELE 3.4

MATFERIALS PROPOSALS

TECHNOLOGY DEVELOPMENT

Regional Advancement Existing
Development nf Knowledge Capability
Concentrated in  Potentially Growth
existing areas. significant

Hork is well Insignificant Early
distributed Growth
Contributes to Significant Embryonic

regional
development

Moderately
distributed

Moderately
distributed

Well
distributed

Well
distributed

Well
distributed

Concentrated
in existing
areas

Well
Ristributed

Insignificant

Significant

Significant

Significant

Significant

Significant

Significant

Early Growth

Growth

Embryonic

Embryonic

Embryonic

Growth

Embryonic

. Space
State of Innovation Station
Development Eg}ential Advantage
RLD Favourable Sufficient
R&D Favourable Sufficient
RAD Average Suffictent
Concept Favourable Necessary
RE&D Average Sufficient
R&D Average Sufficient
Concept Average Sufficient
RED Average Sufficient
Prototype Favourable Necessary
Concept Favourable Sufficient

H
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such as Canada. The economic opportunity is uncertain at this
time and there is not a concensus that processing in space will
be a determinant in future applications. A further point to

note is that Space Station is not a requirement, although it will
be used when it becomes available. This view is primarily a
reflection of the need for preparatory programs before embarking

on expensive space experiments.

The lower enclosure bounds proposals for construction of
materials processing facilities. Technology development has
been rated about average, but stratetic benefit appears to be
somewhat lower. The general impression gained i1s that there is
considerable fundamental work to be done before a processing

facility becomes valuable.

The final proposal suggests an investigation of the process
by which radiation damage occurs in solid state memories. This
is an area of some importance but it does not regquire Space

Station, at least in the initial stages.

This whole subject is one in which Canada has a history of
competence and which will continue to be important. This
capability can be enhanced by taking advantage ©f the oppor-

tunities that are provided in the micro-gravity of space.

3.4.2 Materials Comments

Only two respondents offered comments--one in support of
maintaining a presence in space activities and the other

suggesting that space has a low priority.

3.4.3 Materials "Nil" Responses

There were five "nil" replies, four from industry,
expressing the view that space activities are of no interest

to their respective organizations.



3.5 8Space Science

There were 17 responses among those interviewed that were
placed into the category of Space Science. They have been
divided into 8 proposals, 4 comments and 5 "nil" responses.

The responses were divided evenly between university and
government researchers, 8 and 9 respectively, and reflected
the views of a community that has nearly 20 years of experience

in operating payloads in space.

There are approximately 200 space scientists active in
pure research in Canada, mostly in universities and government.
They cover a wide wvariety of specialties and, when asked to
make suggestions for a Space Station, there was no shortage of
ideas. Since space research is costly, their main opportunities
are to use rockets and balloons, or alternatively, to join
U.S. teams in their experiments on NASA spacecraft. In the
latter case, very few ¢f them attain the status of Principal

Investigator because preference is given to U.S. eXperimenters.

Not since the days of Alouette and ISIS have Canadian space
scientists had the opportunity of managing their own satellite.
This led one respondent to suggest that Canada should have an
autonomous module on Space Station or a co-orbiting satellite
in which there would be prime opportunities for Canadian principal
investigators not subject to the usual expensive and time-

consuming delays associated with U.S. approval cycles.

3.5.1 8pace Science Proposals

The eight responses classified as proposals were assessed
as six separate proposals because two pairs of respondents had
identical suggestions. The assessment 1s summarized in Table 3-5,
and plotted in Figure 3-4 using the methodology described in

Section 1.3.



Praposal
STARLAB

High resolution
spectrographs
aaroral studies

Testing of very
Tong antenna

Use of space
station for
advanced WAMDI
and electron
probe measure-
ments,

Extension of
Canadian Long
Base Line Array

Assenbly and
deployment of
huge receiving
apertures,
optical and
electrical,
for astro-
physics
research

STRATEGIC BENEFIT

Ecenomic
Opportunity

Moderate

Minor

Useful for
Canada's
continuing
invalvement
in space

Minor

Minor

Moderate

TABLE 3.5

SPACE_ SCIFNCE PROFOSALS

National
Interest

Very important
extends Canadian
competence

Very important
auroral studies
important in
Canada

Very important

Beneficial as a
continuation of
Canadian space

science

Very important
if VLBA project
goes forward

Beneficial to
maintain
Canadian
competence

Regional
Development

Moderately
Distributed

Moderately
Bistribhuted

Concentrated in
existing areas

Concentrated in
existing areas

Well distributed

Moderately
distributed

Advancement
of Knowledge

Very significant
at leading edge

Significant

Moderate

Significant

Very significant

Significant

Existing
Capability

TECIINOLOGY DEVELOPMENT

State of
Development

[nnovation
Potential

Space
Station
Advantage

Growth R&D
Mature

Pratotype

Early Concept
growth

Growth Concept

Early growth

Concept

Growth Concept

Very fTavour-
able

Favourably

Average

Average

Favourable

Favourable

Necessary-
needs to
be
retrieved

Suffi-
cient

Necessary-
shuttle
can't
handle

Necessary«
requires
power and
weight
capability

Necessary
to extend
VLBA
beyond
earth
stations.

Necessary
for
assembly

aOf
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With only eight points it is difficult to draw strong
conclusions from Figure 3-4 except to observe that the state
of technology development is reasonably advanced, and that
higher strategic benefits are identified with the more mature
technologies--a desirable state for investment. 2All but one

of the proposals stated that a Space Station was necessary.

The most advanced proposal is that for STARLAB, a one-meter
diameter telescope operating in the visible and ultraviolet
ranges. This is a joint Canada/U.S./Australia program that is
in the planning stages. It places severe constraints on the base
to which it is attached because of the need for pointing
accuracies in the order of 0.02 seconds of arc. Thus the base
must be free of vibrations (human activity and moving parts
such as electric motors), and at an altitude free of plasma
effects. These and other stringent reguirements suggest a free-

flyer, but which might be part of the Space Station infrastructure.

Canadian space scientists have been developing high-resolu-
tion spectrographs for many years to study aurcoral phenomena.
The Space Station offers the possibility of on-board processing
which would reduce data transmission problems, and the oppor-
tunity to test new sensors for space applications. Space Station
will provide an opportunity to advance studies in radio wave
propagation through the use of very long antennas and tethered
satellites., Such experiments are not possible with Shuttle
because of severe space limitations. The ability tc assemble
large antennas and receiving apertures in space is a major factor

influencing the interests of scientists in Space Station.

Canada 1s pre—eminent in ionosgspheric studies, and the
Space Station is seen as a means of furthering this work using
wide-angle Michelson Doppler interferometry (WAMDI) and electron
probes. Space Station would provide an opportunity to measure

ionospheric temperatures and densities as well as solar energy



deposition in the region between the ionosphere and the
troposphere to determine how the solar wind couples with the
atmosphere. One experimenter sees Space Station as a means

to further work in long base-line interferometry (LBLI) using
a large radio telescope in combination with a planned radio
astronomy satellite known as QUASAT. The latter would operate
with a network of ground stations, but Space Statiocon offers
the advantage of working with freguencies that will not pass

through the atmosphere.

3.5.2 BSBpace Science Comments

It is worth noting that NRC's Canada Centre for Space
Science (CCSS) implements the federal program in space science.
Most of the work is contracted out to industry, but some is
also contracted to the universities. Thus such scientific
research generates technology that takes place largely in
industry, thereby contributing to the strategic benefits of

space scilence.

211 comments came from government sources and generally
supported the notion that Canada should continue to participate
in space science with NASA. A wide range of ideas were suggested
including the development and use of high-powered lasers for
space, the potential for conducting high energy physics in
the space milieu, novel uses of the micro-gravity environment
in the building of delicate structures, the development of new
strains of bacteria and even the use of solar energy for climate

modification and control,

3.5.3 Space Science "Nil" Responses

Several scientists involved in space, five in total,
responded with what amounted to "nil" reactions. Responses
ranged from mild interest ("If a Space Station were available,
T'm sure we would find some research activities which could
utilize it"), to entirely negative ("Higher vacuums can be

obtained in the laboratory than on Space'Station, and soO we

see no use for Space Station whatsoever"). Others were either



heavily pre-occupied with other work or had no particular ideas

at the time of interview. It is our view that when Space Station
comes closer to reality, a much greater interest will develop
within Canada's space science community. One individual expressed
the opinion that some highly-touted proposals for research in
space are disappointing as to their originality or their
practicality, and exhibited a strong "bandwagon" syndrome.

These tendencies were not observed by the interviewing team

on Space Station--the scientists contacted had good ideas and

were highly cognizant of the associated strategic benefits.

3.6 Space Station Technology

Space Station Technology is another category that drew a
large response. About twenty-five percent of those surveyed
fall into this group, a total of 47, from which 30 proposals
were received, 8 "comments" and 14 "nils". As happened in other
areas, some of the interviewees made more than one proposal,
accounting for the fact that there are more "proposals”, "comments"
and "nils" than respondeesg. Some interviewees advanced the
same proposal. Another point to bhe noted concerns the relation-
ship of space technology to other application areas. There is
room for a difference of opinion on the allocation of some
proposals to particular areas. Again, a change will not affect
materially the overall conclusions on the benefits and technology

development aspects of our findings.

3.6.1 Space Station Technology Proposals

Technology proposals can be further subdivided by end
purpose into five groups:

o} space station construction--16 proposals

o] provision of payload--8 proposals

o instrument testing--2 proposals



o} experiments on Space Station--3 proposals

O ground staticns--1 proposal

The assessment of these proposals in terms of strategic
benefit and technology development is presented in Table 3-6,
segregated into the above groups. Figure 3-5 displays the same

information in graphical form.

A significant feature of the assessment is the group of
three identical proposals ranking at the top of strategic benefit.
This proposal is to construct and use a Canadian module as part
of the Space Station, and was put forward by people working in
each of the three sectors and in three different regions of

Canada. This is of high strategic value to Canada because

there is control over the whole module

the trade-offs on Canadian exXperiments
are made in Canada

0 experiments with unique Canadian applications
can be accommodated

Canada will have direct control over data obtained

there will be no problems regarding rights to
technology

o the survey has exposed a wide range of interest
in Space Station that could justify such a module

There is a direct relationship between this proposal and the

five construction proposals lying in the top left of the figure.

With regard to potential use for Space Station, fourteen
respondents indicated that it is necessary; ten would find it

sufficient for their purposes; and five could see no advantage.

1. §Space Station Construction

A second result inferred from Figure 3-5 is the relatively
high strategic value and high technology development placed
upon the group involving Space Station construction technologies.

As mentioned previously, this can be attributed to the long



Proposal
pace Station Construction

Design and production of
simulators for testing
space structures

Design and test of a Canada-wide
communications and information
processing system

Supply of solar arrays for
space platforms

Construction and servicing
of Space Station

Evaluation and control of
space structures

Information display panels
and microwave components

Packaging applications for
articles in space

Manufacture of panels, booms,
Support structures, antennas
and wave gquides

Orbit transfer solid rocket
motors and local space
traffic control systems

TABLE 3.6 (Page 1 of 3}

SPACE STATION TECHNOLOGY PROPDSALS

STRATEGIC BENEFIT

Economic National
Opportunity ‘Interest
Major 1f Canada Important as
decides to part of tech,
participate sovereignty
Useful as part Improved

of Canada's communications
capability equipment

Major-based on
large market
for present
line and
potential
international
market

Major-Canada
will be a part-
ner in overall
program and
will contribute
substantially
to the tech-
nology.

Major - tied
to construction
and servicing

Minor benefit

Useful as new
industry could
be developed

Useful - some
could be high
volume

Major appor-
tunity for an
industrial
leader

Very important
to maintain
and increase
national
capability

Very important
to advance
national
capability

Important as
part of national
capability

No particular
national
interest

Important if
Canada joins
space station

o particular
national
interest

Important to
maintain
capability

TECHNOLOGY DEVELOPMENT

Space

Regional Advancement Existing State of Innavation Station
Development of Knowledge Lapability Development Potential  Advantage
Concentrated in Significant in  Growth Concept Average None
existing centres relation to

technology
Will mocerately Moderate Growth Concept Favourable Necessary
distribute
industrial
activity
Concentrated in  Significant Mature - Prototype Very Sufficient
existing areas systems Favourable

have been
designed

Hel) distrif Signficant Mature - Proven Very Necessary
buted-Canadian based on Favourable
suppliers avail- systems
able throughout developed
the country
Well distri- Significant Mature Prototype Yery Necessary
buted-broad Favourable
base of
Canadian
competence -
exists
Cancentrated in Moderate-as Mature Concept Law Necessary
existing areas developments

Wwill occur

anyway
Possibility for Insignificant Embryonic R&D Very Necessary
moderate favourable
distribution
Impact in a Only moderate Mature Proven Favourable Sufficient
regional area
Impact in a Insignificant Mature Prototype Favourable Necessary

regional area



Proposal

On-board image analysis
and data processing

Manufacturing methods in
space for mechanical and
electrical components

Construction of high reli-
ability energy management
systems for spacecraft

Simulators for spacecraft

Investigation of the dynamics
of large flexible structures

Design and testing of Targe
sglar arrays and space
trusses

New manufacturing techniques
and testing of large space
structures

Provision of Payload
Development of millimetric
microwave technology

Design manufacture and testing
of precision IR and visible
spectro photometers

Development of Canadian
module for space station

Payload integration

TABLE 3.6 (Page 2 of 3)

STRATEGIC BENEFIT

Useful if space
is commercia-
lized.

Useful

Minor-except
for spin-offs
and maintenance
of capability

Major as contin-
uation of RMS

Useful as part
of on-going
program

Useful to
capitalize on
superior
analytical
techniques

Useful oppor-
tunity for
sales

Minor for sale
of instruments

Major

Moderate

Economic Economic
Opportunity Interest
Useful when Some

used with importance
robotics

Important as
possible
Canadian
contribution

Of littie

nationcl interest

Important to
buiid on
existing
capability

Very important as

part of space
program

Some importance
as part of

on-going program

Little
importance

Yery important
to enhance

Canadian strength

No importance

Very important
as Canada
would be a
world Jeader

Little
importance

Regional

Development

Concentrdted in

existing areas

Probably concen- Insignificant

trated in
existing areas

Concentrated in
existing areas

Concentrated in
existing areas

Concentrated in
existing areas

Concentrated in
existing areas

Concentrated in
existing areas

Concentrated in
existing areas

Contributes to
regional
development

Contributes to
regional
development

Contributes to
regional
development

TECHNOLOGY DEVELOPMENT

Advancement of Existing State of

of Knowledge Capability Development

Moderate Growth R&D
Embryonic Concept

Moderate - Mature Proven

contribution

Moderate- Mature Prototype

evelutionary

Yery significant Growth Prototype

in field of

large structure

design

Very significant Embryonic RED

if space construc-

to materialize

Significant Mature R&D

Insignificant- Growth Concept

primarily

engineering

Insignificant Mature Prototype

Very significant Non-existent Concept

Instgnificant Mature Prototype

Space
Innovation Station

Potential Advantage
Favourable HNone
Average Necessary

Favourable Necessary

Favourable Sufficient

Yery favour Sufficient
able

Yery favour-Sufficient
able

Favourable Sufficient

Favourabie MNecessary

Average None

VYery favour-Necessary
able

Average Sufficient

Sq



Proposal

Adaptation of ozone and
atmospheric sensors

Small scale construction/
fitting )
Instrument Testing
Testing of sensors and
pProcessors

lesting of control systems
for remote manipulator arms
in natural working environment

xperiments

Sytudy of spacecraft charging

study of combustion in micro-

ravity

around Stations

Jevelopment, testing and ground
ontrol of next generation of
pacecraft

Economic
Opportunity

Economic
Interest

Useful-might
capture a
share of
monitoring
business

Moderate

Useful-satel-
lites too Tong,
shuttle too
short

Useful as a
continuation

of present
programs

Insignificant

Insignificant

Useful for sale
off-shore

Important

No importance

Important if
Canada is to
maintain space
capability

Very important

Little
importance

Little
importance

Little
importance

Regional
Deve] opment

Contributes to
regional
development

Concentrated in
existing areas

Builds on
existing
strength

Concentrated in
existing areas

Concentrated in
existing areas

Concentrated in
existing areas

Concentrated in
existing areas

TABLE 3.6 (Page 3 of 3)

o Space

Advancement of Existing State of Inngvation Statiopn

af Rnowledge Capability Development Potential  Advantage

Moderate Mature Concept Low None

Insignificant Embryonic R&D Favourable Sufficient

Very significant Early growth Concept Very favour-Necessary
able

Significant Early growth RE&D Yery favour-Sufficient
able

Very significant Early growth R&D Favourable Sufficient

Significant Non-Existent Concept Average Necessary

Moderate Growth Concept Average None

99
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history of space activities in Canada. The nature of the
grouping suggests that these are moving in an orderly manner

to bring benefits to Canada and to develop needed technologies.

The five construction proposals referred to above (top left
of Figure 3-5) constitute a major Canadian capability in this
subject area. Taken as a group, they form a strong base from
which Canada can make major contributions to Space Station.

The technologies are currently finding application in interna-
tional space programs, and there is every indication that this
will continue to be the case. It is an area where Canada is
in the forefront, and one which provides an opportunity for

Canada to be an equal partner in international alliances.

Table 3-6 demonstrates the range of construction technologies
in which there is interest. Industry dominates the picture but
some of the most important work is taking place in the university
sector. In many cases, the individual proposals appear small--
design of information display panels--but the overall picture
is one of considerable diversity with potential for significant

contributions to Space Station.

2. Provision of Payload

With the exception of the Canadian module noted akove, this
sub-group presents a diverse picture, with about average stra-
tegic benefit and technology development. The development of
the technologies is above average, but the strategic wvalue is
no better than medium., This is in some measure a reflection
of the size of the proposals; they are all relatively small
and in the absence of a great need, they tend to represent a

technology push.

3. Instrument Testing

The two proposals classed in this sub-group rated high in
both strategic value and technology development. They represent
a use for Space Station that will encompass other application
areas and one for which Space Station appears to be well suited.
The particular aspect that is attractive relates to the duration
of flights available with Space Station; current recoverable
systems do not provide sufficieht time to acquire the necessary

data .



4. Experiments on Space Station

The three experiments that liave been placed in this sub-
qroup fall into two categories; one deals with the study of
combustion and the other with spacecraft charging. Although
technology development falls in the medium range, there appears
to be low strategic value associated with the proposals.
Spacecraft charging may turn out to be important, but at
present the experiments are at an early stage, and the main
contribution to strategic benefit lies in the possibility of
acguiring new knowledge.

5, Ground Stations

One proposal was received for the development, testing and
ground contreol of the next generation of spacecraft. This has
strategic value if the technology can be developed and off-shore
sales obtained. There is also a modest opportunity for the
advancement of knowledge. The capability to develop the
technology is fairly advanced but the proposal is at the concep-

tual stage.

3.6.2 Space Station Technology Comments

A number of people interviewed had no specific proposal to
put forward but did have views on Canadian participation in
Space Station. In all, fourteen comments were receilived, about

evenly split between those supportive and those unsupportive,

The generally supportive comments came from industry and
the generally unsupportive from the public sector. The

university community was silent.

Industry comments focussed on the need to position ourselves
for use and participation in Space Station. Those expressing
reservations generally observed that expenditures on Space

Station are not in the national interest.

It needs to be emphasized that given the size of the sample,

the relatively few unsupportive comments suggest that there is
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3.6.3 Space Station Technology "Nil" Responses

Fourteen responses have been classified as "nil", with all
but one coming from the industrial sector. They are evenly
split between those who see no use (for themselves) or have no
interest in Space Station, and those that simply had nothing
to say. No inference can be drawn from this finding except
to note that somewhat more than 25% of those falling in the
technology category had little to say in regard to pursuing

space activity.

3.7 Space Medicine/Biology

Twenty-four of those interviewed gave replies that fall
within the fields of medicine/biology. Twelve are proposals,
one is a comment and the remaining eleven are "npilg", All but
two of the proposals require Space Station, with its ability
to sustain experiments in space for a long time and still permit
either recovery or visiting. Another feature of this group
is the experience gained by participation in programs using
currently available space vehicles. This has provided a firm

basis upon which to proceed toward experiments on Space Station.

3.7.1 Space Medicine/Biclogy Proposals

The result of assessment of the proposals is shown in
Table 3-7 and Figure 3-6. Investigation of the adaptation of
the nervous system to various gravity fields has been rated
highly on the basis of the knowledge that can be acquired and
the state of technology development. Considerable work has
been done for NASA on the measurement of the way the nervous
system adapts to various gravity environments, and present
experiments will probably be extended to the Shuttle for one of
the 1985 launches. For this work a permanently manned Space
Station is preferred, as its long lifetime permits detalled and
uninterrupted study of vestibular and other life sciences

mechanisms.



Propesal

Separation of
proteins and
trace blood
elements in
microgravity

Bevelop a bio-
logical regener-
ative closed
cycle 1ife sup-
port system

Investigate
problems to be
solyved if space
colonies are to
be developed.

Investigate
adaptation of
nervous system
to various
gravity
environments

Investigate the

effect of gravity

on disease and

healing mechanisms

Investigate
technique for
cell separation
in a micro-
gravity environ-
ment.

Investigation of

STRATEGIC BENEFIT

Economic

Opportuni ty

Moderate

Minor

Useful as
man-in-space
programs
progress

Useful §f

Canadian companies

can exploit
ppportunities

Moderate

Moderate

Minor

bone loss in space

Use of space
station as a
gene bank

Biochemical
studies in
space

Fish behaviour

and evolutign
in space

Moderate as
many gene banks
are being
established

HNone

Minor

_TABLE 3.7

SPACE MEDICINE/BIDLOGY PROPDSALS

MNational
Interest

Beneficial

Beneficial

Beneficial

a5 may contri-
bute to land
systems in
harsh environ-
ments

Very important
for Canadian
astronauts

Beneficial-
maintain
Canada's
reputation

Little
importance

Very important
for Capadian
astronauts

Very important
for genetic
pools specific
to Canadian
needs.

No Importance

Little
Importance

Regional
Development

Concentrated in
Existing areas

Contributes to
regional develop-
ment

Concentrated in
existing areas

Concentrated in
existing areas

Concentrated in
existing areas

Could be
moderately
distributed

Concentrated in
existing areas

Well distributed

Concentrated in
existing areas

Contributes to
regional
development

Advancement
of Knowledge

TECHNOLOGY DEVELOPMENT

Existing
Capability

Significant

Significant

Significant

Significant

Very
significant

Significant

Significant

Moderate

Moderate

Yery
significant

Non-existent

Embryonic

Non-existent

Growth

Embryomic

Embryonic

Embryonic

Non Existent

Non Existent

Non Existent

Space
State of Innovation Station
Development  Potential Advantage
R&D Favourable Necessary
R&D Average Necessary
Concept  Favourable Necessary
R&D Very favour- Necessary
able
|
(@]
R&D Average Necessary

R&D Favourable

Concept Favourable
Concept Favaurable
Concept Average

Concept Favourable

Sufficient

Necessary

Necessary

Sufficient

Necessary



STRATEGIC BENEFIT

FIGURE 3-6

SPACE MEDICINE/BIOLOGY PROPOSALS

STATE OF TECHNOLOGY DEVELOPMENT

HIGH MEDIUM LoV
&
=
=)
o
O
C)Z
O
200 O
2 Ko
é O
=
3
O
LEGEND 2 - Same proposal from 2 sources




A second proposal that ranked above average suggested the
establishment of an agricultural gene bank in space. The
lower ambient temperature could reduce the cost of cryopreser-
vation of germ plasma. This would have particular application

to agricultural strains, which are important to Canada.

A small cluster of proposals rating above average relate
to studies involving the health of humans. In one case, the
effect of gravity on disease and healing mechanisms, there is
evidence that the shift from the horizontal to vertical position,
even on earth, has a detectable impact. Micro-gravity offers

a significant opportunity to extend these observations.

Two proposals deal with the investigation of problems
expected to be encountered when space is colonized. One of
these suggested a program to develop a self-contained ecosystem
which would maximize the recycling of wastes and materials.

The scope of the investigation would include:

o food cooking techniques
plant growth in space--possibly food supplies

solar radiation to produce methane for food
processing

long term storage of food
food preduction
- single cell proteins
- hydroponics
waste conversion
hygiene in space

man and beast co-habitation

o 0 0 O

cultural aspects of space living

This would be a long-term program but the potential exists
for significant payback not only for applications in space but

also in relation to existence on earth in harsh environments.



The possible enhancement of separation of proteins and
trace blood elements in a micro-gravity environment was noted.

Suggested areas of investigation included:

genetic engineering of bacteria and yeast
fermentation technology

use of electrophoresis

c o o O

growth of cells in tissue cultures

There could be commercial oppertunities in the long term;
the main stumbling block is believed to lie in the issue of

licensing~-not in the technology.

Canada is well positioned to participate in medical/biological
programs involving Space Station. There is experience upon which
to build and significant benefits to be obtained from knowledge

gained in the micro-gravity enviroment.

3.7.2 Space Medicine/Biology Comments

Only one comment was received and that to the effect that
Canada should position herself to take advantage of opportuni=-

ties that might arise with the advent of Space Station.

3.7.3 Space Medicine/Biology "Nil" Responses

Eight of the nil responses fall in the class of no perceived
use to the interviewee or no connection with current work. The
remaining three offered no ideas. Replies were evenly split
between the three sectors, and apart from the obvious lack of

interest, no further conclusions can be drawn.

3.8 Other Applications

There were four agencies visited that do not fall into the

categories listed heretofore. They are:



National Defence
Transport Canada
External Affairs
TV Ontario

O © 0O 0O

The following paragraphs summarize the results of these

interviews:

3.8.1 National Defence

Four interviews were held within the Department of National
Defence. At present the Defence Services Program for the next
five years does not contain a major space component. However,
there are a number of space~related activities on-going in DND
including SARSAT, MSAT and some studies on future applications.
It is likely that any DND projects related to Space Station will
be coordinated with the U.S5. Department of Defense, and so are

not included in this study.

3.8.2 Transport Canada

Transport Canada's interest in space is as an end user only.
Specific programs of current interest include SARSAT, MSAT,
RadarSat, INMARSAT and Navstar. Space Station 1s unlikely to
contribute to Transport Canada's operational mandate at least

in its early phases.

3.8.3 External Affairs

The interests of the Secretary of State for External Affairs
in the Space Station would involve principally the terms and
conditions of the international agreements required to set up
such a project. Of particular concern would be the selection

of partners that would lead to the greatest benefits to Canada.



3.8.4 Cultural Applications--TV Ontario

On Dec. 9, 1982, a briefing on Space Station was given by
members of the study group to the Executive Committee of the
Canadian Conference on the Arts. While there was no specific
proposal forthcoming, a conference is belng considered on the

cultural and artistic uses of outer space.

A specific proposal was made to the study group by TV-
Ontario to use a manned Space Station as a set for producing
films. The proposal included the recording of daily events
on board the Station, the use of interactive programming to
allow an earth audience to converse with astronauts and mission
specialists, and the filming of educationally-related programs
for use by schools.

TV Ontario proposed to lead an international consortium
to finance the venture. This organization is one of the
world's largest users of stock film footage from NASA. It
has filmed seguences at NASA and at other U.S. aerospace
companies in the course of creating educational TV films. It

is a major source of film library material for film makers.

On the basis of the criteria used to rank other proposals,
the TV Ontario response rated highly. Since it should be self-
financing, it is not an area for significant federal government
investment, but it could yield useful cultural and educational

benefits.



4. CONCLUSIONS AND RECOMMENDATIQNS

4.1 Conclusions

The feollowing conclusions are based on the substance of the
interviews, the findings, results of the analysis and ratings

of the projects. We have concluded that:

1. Canada's technological capabilities for space
activities have developed through the balloon and
rocket programs, space research {e.g. ionospheric
studies), communications satellite programs, surveys,
mapping and remote sensing and defence research.
Strong expertise has been established in:

- program management and systems engineering
- space hardware and instrumentation

- space science

- communications

- space structures and thermal design

- space mechanisms

- remote sensing technology and applications
- surveying, mapping and geodesy

~ space medicine/biology

2. The Canadian remote sensing community divides its
interests into two major groupings:

© remote sensing technology--sensors and
data processing

0 remote sensing users--image interpretation,
thematic mapping and change monitoring.

Work in both these areas 1s of world class, and good
use can be made of a space station in advancing the
use of remote sensing to the strategic benefit of
Canada. Specifically, emphasis should be focussed
on technigques for directing sensors toward cloud
openings, the advancement of SAR technology and
applications, and the use of Epace Station to
improve the frequency of Canadian coverage. The
Canada Centre for Remote Sensing is the obvious
agency to coordinate these types of efforts.

3. Topographical surveying and mapping, while being
included in remote sensing for the Space Station
study, is a separate activity with different back-
ground and roots. Space is looming as a major
contender for future mapping applications (geodetic



surveyors already use satellites for accurate
horizontal positioning, and with GPS may be able

to add vertical positioning). Improved sensors of
adequate resolution (3-5 metres for 1:50,000 scale)
and new techniques for geometrical correction will
make it possible to use space for revision mapping
and possibly coriginal topographical mapping. The
major benefits will be for use in mapping the third
world. Space Station will be needed as a development
tool to acguire this capability, and the Canadian
mapping industry, being of world class, is in a
strong position to capitalicze.

Current programs serving the communication needs of
Canada will continue to be the main vehicle for
advancement of that technology. There are some
exceptions, but in the main, support for Space
Station comes from the belief that opportunities
will arise in the future, and Canada should position
herself accordingly.

The work of the Naticnal Research Council of Canada
Ad Hoc Committee on Microgravity and the results of
this survey support the conclusion that there is both
interest and capability in Canada to participate in
Space Station activities relating to the processing
of metals and intermetallic compounds in a micro-
gravity environment. There are many phenomena that
can only be studied in that environment and informa-
tion gathered on solidification processes in particular
may have far-reaching effects on Canada's ability to
stay in the forefront of technologies that are
important to our econOmy.

It is also apparent that a significant effort must

be initiated in order to develop the basic competence
among the younger scientists on whose shoulders the
success of future materials research in Space Station
will depend. There is a need for preparatory programs
started now in order that the community will be ready
when Space Station is available.

Canadian space science, coordinated by NRC's Canada
Centre for Space Science, can make good use of the
Space Station which was considered to be necessary
for 7 of the 8 proposals evaluated. The skills and
experience of this community are strong and deep
with roots extending back into auroral and ionospheric
research using Alouette in the early 1960s. New
ideas for sensors and experiments abound, and Canada
needs a good mechanism of sorting and filtering to
assure the very best are put forward for competition
against other nations' suggestions.



Space technology is an area where Canada has a long
history of achievement and it is apparent that this
capability can play a large role in Space Station.
There is a strong domestic base and the international
cooperative programs that have been developed ensure
Canada's place in the forefront of future space
activities. Not only is there a core group of
industries who have been leaders in this field, but
our survey has found that many other companies can

be brought into a national program. It is important
for Canada to continue its activity in space technology,
not only for the direct benefits that will accrue, but
for the advancement of diversified technologies that
will result from a continuing program.

Canada can make significant contributions to Space
Station technologies, and the opportunity to continue
with international programs of this nature provides
the only means for a country such as Canada to enijoy
the future benefits. It is essential then, that steps
be taken to ensure continued participation in inter-
national space technology programs.

Although our survey did not uncover a great deal of
activity in medical/biological space research, what
we did learn demonstrated that the work is of very
high guality and is being pursued vigorously. Several
scientists are already working with NASA and have
plans to use Shuttle. There is great interest in the
unigue opportunities offered by micro-gravity, not
only for what may be discovered that will reduce the
medical risks associated with space living, but also
for what may be learned that wil