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The lack of understanding
concerning the value of re-
mote sensing data to U.S. in-
dustry is widespread. Even
as sales of remote sensing
data are increasing on a
yearly basis, the largest mar-
ket for these data is still the
U.S. government (Asker,
1992). NASA’s Office of
Commercial Programs has
addressed this slow commer-
cial growth with several in-
novative agreement
mechanisms and commercial
program opportunities. The
intent is to enable industry
in the use of remote sensing
technology through shared
risk ventures.

The Visiting Investigator
Program (VIP), developed at
Stennis Space Center’s Sci-
ence and Technology Labo-
ratory (STL), provides a no-
risk opportunity for industry
to utilize the specialized re-
sources at STL in an effort to
incorporate remote sensing
and GIS technology into
their commercial operations.
Through the VIP, industry
can investigate technology
which could lead to new
commercial products,
processes, or improved serv-
ices that could benefit the
company, the public, and
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NASA. This paper presents
an overview of NASA's com-
mercial remote sensing op-
portunities and highlights
the VIP program and the re-
sults of a recently completed
VIP project.

The use of remote sens-
ing technology by U.S. in-
dustry has progressed too
slowly. This is due in part to
the lack of understanding
concerning the value of re-
mote sensing data to indus-
try. Although every state in
our nation offers some for-
mal education in the use of
remote sensing, the integra-
tion of this technology by
new companies seeking to
open new markets or im-
prove existing product lines
is relatively rate. This may
be due in part to a lack of
corporate understanding
concerning the applications
and potential benefits of re-
mote sensing to an industry’s
product or service. Whatever
the reason, it is apparent that
barriers exist to industry’s
use of remote sensing tech-
nology as a viable source of
information. These barriers
range from the prohibitive
costs of data and data analy-
sis to a complete lack of
knowledge concerning access

to remote sensing data and
its potential applications.

Barriers
exist to
industry’s
use of
remote

sensing
technology
as a viable
source of
information.

NASA offers a mecha-
nism to break down these
barriers providing industry a
means to investigate remote
sensing technology in a com-
plete, front-to-end fashion
from market determination
and product definition
through development, test,
and evaluation. This mecha-
nism would provide industry
with the opportunity to in-

vestigate the application of
remote sensing technology to
their particular business. It
has been noted that a key
element to the integration of
remote sensing technology
into U.S. industry is the fi-
nancial risk association with
such an investigation. There-
fore, this mechanism must
include as a fundamental
element a reduced financial
risk for industry participa-
tion with the cost being
shared by another industry
or agency (Grey et al., 1987).
To provide industry ac-
cess to shared risk ventures
with U.S. government agen-
cies, the National Aeronau-
tics and Space
Administration Office of
Commercial Programs (OCP)
has developed a program ti-
tled the Commercial Use of
Space (CUS). This program
is centered on the concept of
joint venture relationships
between NASA and private
industry as a method of ex-
posing U.S. industry to the
commercial uses of space
technology including remote
sensing. This program is dif-
ferent from former NASA
Technology Transfer pro-
grams in that it considers the
whole process of how an in-
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A key
element to
the
integration
of remote
sensing

technology
in the U.S.
industry is
the financial
risk.

dustry does business and the
potential for remote sensing
in that process. Early NASA
Technology Transfer pro-
grams such as the Regional
Application Program (RAP)
were successful in transfer-
ring remote sensing data
processing capabilities, but
did not address the overall
integration of this technology
into the functions of the
agencies they worked with.
this resulted in varying de-
grees of success ranging from
slow program start-up to
program termination after
NASA funding ended. The
CUS program emphasizes a
process designed to take
joint venture partnerships
between NASA and industry
from application design to
implementation. The goal of
the CUS program, as it re-
lated to remote sensing, is to
establish an aggressive com-
mercial Earth observations
program that results in in-
creased U.S. industry com-
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petitiveness in national and
international markets and in-
dustry placing its own sen-
sor system in orbit in the
1990s. Strategic objectives
related to this goal involve:

® providing a focal point
within NASA OCP for
U.S. commercial remote
sensing ventures through
the CUS Lead Center Pro-
gram Office at Stennis
Space Center;

B increasing commercial
uses of space related to re-
mote sensing for U.S. eco-
nomic benefit;

® providing a conduit for
communications between
industry and program net-
works of NASA and other
supporting federal agen-
cies;

® protection of industry's
proprietary research re-
sults; and

® reducing the technical and
financial risk of private
sector during new remote
sensing venture develop-
ment.

To accomplish these objec-
tive, NASA OCP has devel-
oped a number of innovative
agreement mechanisms and
programs which allow in-
dustry and NASA to cooper-
ate with varying degrees of
commitment. These range
from a low investment of
dollars and technology by
each party to industry's abil-
ity to purchase NASA re-
search facilities. Those
agreements- mechanisms in
place for use in the CUS pro-
gram at this time are dis-
cussed in the following
paragraphs.

Memorandum of Under-
standing (MOU) —The MOU
is a mechanism NASA uses
to participate in a limited
manner with any industry,

university, or other organiza-
tion. It is commonly em-
ployed when a formal
declaration of cooperation is
required by either organiza-
tion and can serve to estab-
lish the basis on which
further activity will be con-
ducted. No money is ex-
changed in this agreement
and research is usually lim-
ited to technical investiga-
tions and requirements
definition.

Technical Exchange
Agreement (TEA)—The TEA
is used when both parties
have parallel research pro-
grams in a particular tech-
nology and both would
benefit from cooperation in
this research. This agreement
carries no monetary commit-
ment by either party and is
used to advance an industry
into other areas of coopera-
tive technology development
with NASA.

Sponsored-Transfer
Agreement (STA)—The STA
is a mechanism whereby in-
dustry and NASA both com-
mit money and/or technology
to a project. The results of
the project, including any
developed technology, are
shared by both industry and
NASA. The STA is used
when mutual goals of tech-
nology development are
identified and proprietary
rights to the results are not
an issue.

Proprietary Work Agree-
ment (PWA)—The PWA is
designed to allow industry
dedicated access to NASA
research facilities. This is an
innovative mechanism be-
cause industry pays a com-
puted rate for access to
specific government research
facilities with proprietary
rights to all results. This pro-
vides industry sophisticated

research capability on new
technology without incurring
prohibitive start-up costs.

Joint Endeavor Agree-
ment (JEA)—The JEA is a
mechanism with “quid pro
quo” arrangements arrange-
ments for NASA. This means
that both NASA and indus-
try place equal resources at
risk. This agreement is de-
signed for industries which
want to schedule a mission
on the shuttle for the pur-
pose of conducting an exper-
iment or placing a payload
in orbit. Under the terms of
the JEA, industry supplied
the flight experiment and
NASA provides the launch
capability. This agreement
has a high degree of R&D as-
sociated with it, and both
parties share the results of
the experiment.

When entering into a
working relationship with
any industry, NASA officials
determine the appropriate
mechanism to use and de-
velop the agreement for sig-
nature. This happens only
after a careful evaluation of
business objective, technical
requirements, and legal is-
sues. In many cases, one
mechanism is used to evalu-
ate an industry’s potential
use of remote sensing tech-
nology. At the conclusion of
this evaluation, recommen-
dations are made concerning
follow-on work and appro-
priate manner to do so,

The Visiting Investigator
Program (VIP) is part of the
Office of Commercial Pro-
grams' mission to encourage
the commercial development
of space through the promo-
tion of new space ventures
and the development of new
space technologies. The
White House Executive Or-
der of 10 april 1987, which
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directs federal laboratories to
engage in intergovernmental
and private technology trans-
fer agreements, has provided
the most recent initiative for
STL to develop the VIP. STL
will support the selected vis-
iting organizations by pro-
viding access to
sophisticated facilities capa-
ble of a full range of remote
sensing and image process-
ing activities. STL's facility
serves as a site for visiting
scientists and engineers to
conduct experiments as pre-
cursors to using other remote
sensing facilities or estab-
lishing their own remote
sensing capability. This
space dedicated to this pro-
gram is located within STL's
main data processing facility
and consists of high-end mi-
crocomputers and UNIX-
based workstations using a
variety of commercial and
public domain software. By
participating in this program,
visiting investigators become
familiar with the practical
and theoretical basis for re-
mote sensing, airborne data
acquisition, related instru-
mentation, and data analysis
techniques. The investigators
work with NASA scientists
in all aspects of planning the
project from application,
through analysis, to product
development. As a result, re-
mote sensing technology is
brought closer to the goal of
commercialization.

The VIP, implement at
SSC in FY88, is designed to
offer and examination of re-
mote sensing and GIS tech-
nology by U.S. industry on a
no-cost, 90-day basis and, as
such, serves as a catalyst for
future work in other NASA
commercial program oppor-
tunities. The VIP operates
under a nonproprietary
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Remote
sensing is
brought
closer to the

goal of
commerciali-
zation

agreement that lasts from
two to three months. If
promising remote sensing
science and application con-
cepts are developed at STL,
the potential exists for con-
tinued joint research efforts
under other NASA Commer-
cial Programs initiatives. The
only cost to industry is the
living expense of personnel
while working at the NASA
facility. A brief proposal de-
scribing the nature of the
proposed research project is
required. There are no dead-
lines associated with this
program so proposals can be
submitted at any time by
qualified U.S. industries. A
description of the research
objectives and concepts to be
explored is required along
with a brief discussion of the
commercial importance of
the proposal. The research
must be compatible with
NASA’s CEO program goals
and present rationale for
commercial implementation
by the proposing industry.
The research cost estimates
for both NASA and the in-
dustry are also included.
NASA’s commitment of re-
sources is negotiated on a
project by project basis. Pro-
posal review is carried out

within two weeks of receipt
by a qualified NASA team at
SSC. Industries selected for
VIP participation must enter
into an agreement with
NASA via a Memorandum of
Agreement (MOA).

Smith Seckman Reid
(SSR), Inc. is a consulting
engineering company with
five offices located mainly in
the Southeast U.S. The com-
pany’s primary activities
center around civil and me-
chanical engineering appli-
cations. With the trend in
population growth for the
Southeast, SSR is looking for
ways to increase their market
share of the growing land
use and environmental plan-
ning business. This is a logi-
cal extension to their
existing residential and com-
mercial design and industrial
site development capability.

To expose SSR to the
use of remote sensing and
GIS technologies, a test area
was selected near their Mur-
freesboro, Tennessee regional
offices in Rutherford County,
Tennessee, thirty miles
southeast of Nashville. The
project was designed to in-
corporate selected land use
planning activities which
SSR saw as opportunities for
future contractual work.
These focused on the devel-
opment of digital databases,
updating of existing digital
databases and in particular,
TIGER and DLG data, and
change detection of land
cover. Data acquired for this
project included USGS Digi-
tal Elevation Model (DEM),
Bureau of the Census TIGER
data, SPOT panchromatic
and multispectral data, and
local utility network data.
The data were spatially reg-
istered and organized within
a GIS for analysis. The pan-

chromatic remotely sensed
data was read from tape me-
dia, geometrically rectified,
and input in an unaltered
form as an orthophoto base-
map on which database con-
struction was conducted.

A test area from within
the larger geographic region
was extracted and several
image processing and spatial
analytical techniques which
would assist SSR in database
development and informa-
tion were investigated. Non-
point pollution studies and
non-point pollution impact
assessment are areas of po-
tential growth for SSR.
Knowledge of land cover is
fundamental to understand-
ing non-point pollution po-
tential for any given drainage
basis, therefore, the SSR VIP
project included traditional
classification of multispec-
tral remote sensing data. Su-
pervised and unsupervised
classification techniques
were performed using a
modified classification
scheme developed by Smith
Seckman Reid engineers.
The classified data could
now be integrated into a da-
tabase containing drainage
basin delineation, zoning,
natural resource data, or
other information used to
determine impact on water
quality.

Associated with water
quality applications is the
ability to conduct land use
planning analysis and infra-
structure database develop-
ment and update. The
Nashville region is a rapidly
growing area and traditional
methods of mapping are in-
adequate in representing the
wide range of information
needed to make informed
land use planning decisions.
State and local governments
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are moving to the use of GIS
technology to store map data
in a digital format. The use
of remotely sensed images to
form an orthophoto basemap
is an excellent alternative to
traditional mapping tech-
niques (Jensen, et al., 1990).
Using remote sensing data,
infrastructure and other fea-
tures can be easily identified
and mapped to a database
through on-screen digitiza-
tion. Using this technique, it
is possible to update critical
information by inserting a
new image under the data-
base “layers” and identifying
the areas of change. A por-
tion of the study area is
shown in Figure 1, in which
the transportation network
derived from the TIGER data
was revised using this tech-
nique to include new roads
evident in the SPOT 10
metre panchromatic data.
Toward the close of
their VIP project, SSR engi-
neers identified an applica-
tion which could benefit
from the land cover classifi-
cation and database develop-
ment activity. The city of
Murfreesboro was seeking
approval to locate a spray ir-
rigation facility as a means
of handling treated waste
water. The location of this
facility was an ongoing proj-
ect for SSR; however, a clear
methodology for determining
site selection had not been
developed. After discussing
the application and listing
the siting criteria, NASA
personnel assisted SSR in
the development of specific
map layers to assist in the
facility location. These maps,
derived from the classified
data, were designed to elimi-
nate from consideration en-
vironmental sensitive areas,
or areas in close proximity to
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Figure 1.
certain land uses. The result
was an initial siting map
which SSR would use to
harrow the selection possi-
bilities (Figure 2). More im-
portantly, however, what
that this process provided

\ SPRAY IRRIGATION

RFORD COU

Figure 2.

SSR with a logical methodol-
ogy to present to local gov-
ernment officials and
concerned citizens.
Hardcopy products illus-
trating the applications de-
veloped during the VIP

SYSTEM S

NTY STUDY AREA

project were generated and
the digital data loaded onto a
portable microcomputer.
NASA and the SSR person-
nel involved in the VIP proj-
ect gave a joint briefing to
SSR management describing
the project and the possibili-
ties for integrating remote
sensing technology into the
company's operation. This is
a critical meeting form most
VIP participants because
mid-level managers or tech-
nical personnel normally ini-
tiate the company's VIP
participation and must now
bring the results to a man-
agement which will decide

The potential
exists for
continued

joint
research
efforts.

to continue using the tech-
nology and allocate the re-
sources. For this reason,
NASA attends these meet-
ings and brings an image
processing system and the
data for the particular VIP
project to demonstrate capa-
bility and answer questions.
SS5R management was very
supportive of the project
and, in particular, the spray
irrigation application.
Shortly after the presenta-
tion, the team involved in
the project was given the au-
thority to acquire image
processing and GIS capabil-
ity for SSR. Also, negotia-
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tions were initiated with
Middle Tennessee State Uni-
versity to utilize undergradu-
ate students finishing
academic training in remote
sensing and GIS technology.
These students would assist
in ongoing projects and pos-
sibly move into full-time em-
ployee positions.

This case study demon-
strates the concept of educa-
tion through reduced risk,
applications-oriented joint
ventures between NASA and
industry. SSR was give ac-
cess to NASA facilities and
personnel to investigate the
usefulness of remote sensing
technology to its own stra-
tegic business plan, SSR was
not given a “canned” appli-
cations project nor shown a
series of completed projects
unrelated to their business.
The VIP project was de-
signed to test the remote
sensing technology against
SSR’s current and projected
business interests. This re-
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demonstrates

the concept
of education
through

reduced risk

NASA and
industry.

sulted in the development of
several marketing products

of these data to an ongoing
project. While the agree-
ments and programs dis-
cussed here represent
improved methods to en-
courage commercial partici-
pation in remote sensing
technology, much remains to
be done. New avenues for
projects founded on partner-
ships between government
and industry are needed to
ensure U.S. industry’s com-
petitiveness in a world econ-
omy.
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COMPUTER PROCESSING OF REMOTELY-SENSED
IMAGES: AN INTRODUCTION

This book is an introduction to computer
techniques of image processing applied to multispectral
images acquired from satellites and aircraft, written at
a level suitable both from students and for professionals
moving into the field. The book begins with a survey
of underlying physical principles, and goes on to
consider the nature and sources of remotely-sensed data.

Computer Processing of Remotely-Sensed
Images. An Introduction will be of value to all those
interested in digital analysis of remotely sensed
images in fields such as geography, geology,
oceanography, agricultural science, civil engineering
and environmental science.

Chapters include:

Remote Sensing: Basic Principles
Remote Sensing Platforms and Sensors
Digital Computers and Image Processing
Preprocessing of Remotely Sensed Data
Enhancement Techniques

Image Transforms

Filtering Techniques
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