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Education and Trainina 
in Remote Sensing* 
Functions of the EROS Data Center include training and 
assistance in the transfer of technology of extraction of 
information from remote-sensor data, and the application of 
remote sensing to resources and environmental problems. 

INTRODUCTION sions Program; fron1 this program evolved the 
HE GROUNDWORK for the civilian use of re- present NASA Earth Resources Survey Pro- 

T m o t e  sensors from space to acqllire gram. Sornewlrat ear l ie r ,  t h e  National  
for the study and inventory of the earth's Oceanographic and Atmospheric Adminis- 
natural and cultural resources was laid by tration (NOAA) and ~ ~ s ~ c o o ~ e r a t e d  to develop 
NASA. Other civilian agencies of the Federal systems of weather satellites and the ability 

ABSTRACT: The Enrth Resources Technology Satellite, Slcylab, (2nd 
other progratns of NASA ancl other Federal agencies have produced 
ltrrge nm0unt.s of  dnfi i  11.f the ccrrth's surface. The  Eorth Reso~rrces 
Ohservatioiz Sys te ln .~  I'rogrt~n~ of the Depnrtrnent +the Interior is 
designed specific.crlly to collect and use aircraft and spncecraff 
remote-.sensor clatcr for tzutural resorirces and land-u,se inuestigcrtiorl.p. 
To  utilize existing irl.vtrtrtneut s!/sten~.s fully, user specialists need to  
be specificclll!i trtrivlerl ilr the techniques of eeti-crction of irlf'or-mation 
frorn the data (211d fhr i r  ~rl>plicntion to  resources (rltd er~uironme~tt( l l  
prohlenls. The EROS I'rogmtn is corzcl~rcting training courses at the 
EROS Dntcl Ccritcl- onrl ~1.vetoher-e ill the United Sttltes aracl world. 
These c o ~ r , s ~ . s  ure rlcsig~ied pritnnrily to  trrrin resources persontzel itz 
the u.ve of ERTS cr?lrl other I-entote-serl.sor dnta through practical 
exercises stt-r:.vsirzg the I L N ~ Z ~ S - o n  use of the clotn, These courses are 
es1)eciclll!l nit?led ot  rcsortrces scieiztist.~, eiigineci-P, ant1 ~nclnngers; 
land-~ise 1~1uilrrc.l-s; ond fv~virot~nzetital .~pecicrlists. The practicnl ap- 
plictrtions o f  r e t n o f ~  .se!l.vir~g, rather than theor!/,  trre strcssed i r ~  the 
various corlr.ye.y, hirt the(/ differ in thc~t  the mtrteriul rlsecl i.s .selected to 
pertniii to  the s j~~c i . f i c  ~ - e ~ o u r c e . ~ I l u n c l - ~ ~ s e / ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ l  problems 
a ~ r d  (01.) geogi cr)lllic or-rns qf the pnrticipnlztr.. 
-.. - 

government iind a wide r:unge of institl~tions, to use the data fol. rnctrorological st~tdies and 
often in paltnersllip with l~otl l  c,ivilian Fed- weather predic:tion. 
era1 agencies and mili tar? organizations, The  Earth Resources Observation Systems 
were working on specific applications of re- (EROS) Program of the Depiirtment of the 111- 
mote sensing. pri~nnrily f'rozn aircraft. The  terior was establisl~ed in 1966, and  through- 
applici~tion tu ilaf~lr:~l and c*~~lt l~l .al  resources out its existence has been closely allied with 
received cous i t l e r~ l~ le  inlpetus in 1963 with the NASA Earth Resources Survey a n d  other 
the e s t a l ~ l i s h ~ n e ~ ~ t  of thc \ \ q a  i i c l v i ~ ~ ~ ~ ~ ~ - ' d  hlis- programs. Working together ,  t he  EROS 

Program, NASA, and other Federal agencies 
*Publication autl,r,rizr,;l !,?. r h t k  Dirrlctor, U .  S,  identified the remote-se~lsor data needs cif 

Geological S l ~ r v e y .  the 11ser comm~tnit!- and jointly specified the 
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types of i~lstruments to acquire these data. 
These specifications were translated into the 
Earth Resources Technology Satellite (ERTS) 
by N A S A - G O ~ ~ ~ ~ ~  Space Flight Center en- 
gineers, and engineers and scientists in pri- 
vate industry under contract to NASA and the 
EROS Program. The successful launch on July 
23, 1972, of ERTS-1 provided the data acquisi- 
tion capability, and the establishment in late 
1971 of the EROS Data Center in Sioux Falls, 
South Dakota provided the means to distrib- 
ute those data to the user public. Both NASA 

and the EROS Program recognized the neces- 
sity for training in the use of remote-sensor 
data, especially these new data. 

This paper was prepared following exteu- 
sive discussion with William A. Fischer and 
Raymond W. Fary, Jr., of the EROS Program 
staff; Nicholas M. Short ofthe Goddard Space 
Flight Center; and William E. Williamson, 
then a member of the Office of Science and 
Technology of the Executive Office of the 
President. The stimulating discussions with 
these knowledgeable scientists and resulting 
ideas on education and training, and their 
critical review of this paper, are gratefully 
acknowledged. I n  addition to discussions, 
Raymond W. Fary and the late Don L. Kulow, 
then EROS Progra~n Training Officer, also re- 
viewed the paper; their reviews are greatly 
appreciated. 

One of the most valuable activities of the 
Advanced Missions Prograni was the forma- 
t ion of teams of in s t rumen t  
scientistsIengineers and user specialists. 
Those charged with formulating programs to 
acquire and use remote-sensor data from air- 
craft and, especially, spacecraft recognized 
early that very few, ifany, engineers or scien- 
tists had expertise in both instrumentation 
and earth-science disciplines. This was par- 
ticularly true in renlote sensing outside of the 
visible portion of the spectrum. Those with 
the greatest interest and most experience in 
the design of and use of instruments to meas- 
ure and record electroinagnetic radiation 
(EMR)  and its interaction with natural and 
man-made materials were the physicists and 
electronic engineers. The agronomists, geog- 
raphers, geologists, hydrologists, oceanog- 
raphers  a n d  other  user  scientists  a n d  
specialists, although highly co~npetent  in 
their disciplines and knowledgeable about 
the problems that needed to b e  solved, gen- 
erally were unfiamiliar with any but the nlost 
rudimentary remote sensing and sensors. 
The Advanced Missions Progranl sponsored 
teams of specialists in the design and opera- 
tion of an instrument, such as radar, and user 
specialists who foresaw a use for the instru- 

ment. These teams pointed up the need for, 
and advantages of, cooperatioil alllong the 
various specializations. They also pointed up 
the difficulties of communication between 
instrument specialists and user specialists, 
stemnling nlainly fro111 one group's unfiall~il- 
iarity with the other's methods, objectives, 
and terminology. The team meetings and ac- 
tivities resulting from them served to educate 
those involved,  and  many of those now 
supervising research in and teaching remote 
sensing were involved in these activities, and 
profited greatly from them. 

At the beginning of the NAsAprogram in the 
early 1960's, remote sensing, except for photo 
interpretation, was taught only rarely in the 
colleges and universities. Even photo in- 
terpretation courses were few until the dec- 
ade of the 1950's*. However, as the teams of 
instrument and user specialists met, were in- 
fornied, ancl held meetings, and as each side 
became aware of the problems and tech- 
niques of the other, the need for education in 
remote sensing became apparent. This re- 
sulted in several institutions starting courses 
and programs in remote sensing, generally 
based on a single discipline, such as agricul- 
ture or geology, and the instrunlent speciali- 
zations of the engineers and physicists. For 
example, the University of Kansas favored 
the disciplines of geography and geology and 
the microwave portion of the spectrum, spec- 
ifically radar, whereas Stanford University 
specialized in infi-ared ancl the disciplines of 
geology and hydrology. Others, such as Pur- 
d u e  Universi ty and  the  Universi ty of 
Michigan pioneered in the extraction of in- 
forn~ation from the data, using both analog 
a n d  digitaI methods  for agricultural  
applicationsf. 

As the program grew and spread fro111 NASA 

to other organizations, a large number of sci- 
entists and resource specialists in govern- 
ment agencies, academic institutions, and 
private industry desired to learn more a l~ou t  
remote sensing. Short courses in remote 
sensing were held by academic institutions 
and professional societies; some covered all 

*According to statistics in the Manual of Photo- 
graphic Interpretation (Cheney, 1960, p. 817), 
courses in photo interpretation numbered only 12 
in 1944 and 14 in 1946, but by 1954 had increased 
to 173 in 102 colleges and universities. 

tMentio11 of several institutions here or later is 
in no way intended to iinply that they are the only 
institutions offering remote sensing education, or 
that their courses are necessarily the best. 
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or most earth resources disciplines, others 
were limited to one or two. These courses 
were for the most part attended to the an- 
nounced capacity. Total enrollment was 
probably in excess of 1000. A number of sym- 
posia have been held; again, these have been 
well attended. An increasing number of col- 
leges and universities now are giving courses 
in remote sensing and several have full- 
blown graduate programs in remote sensing 
and its application to one 01 inore resources 
fields. $. 

Although courses in academic institutions, 
short courses, and symposia, and the papers 
at professional societies' meetings have in- 
troduced some resources managers, en- 
gineers, and scientists to the possibilities of 
remote sensing, and a few are fully qualified 
in its use, those who can make maximum use 
of the remote-sensor data being obtained are 
far fewer than needed. The usefulness of 
remote-sensor data, especially as acquired 
from space, is clearly apparent, particularly if 
these data are placed in the hands of skilled 
interpreters. Therefore, steps must he taken 
to train sufficient resources personnel to 
utilize these data; not to do this would permit 
a large amount of very valuable and useful 
data, collected at considerable expense, to go 
unused or, at best, be underutilized. To over- 
come this lack oftrained personnel, a number 
of steps may be taken. Before detailing the 
steps, let us look at the kinds of people in- 
volved, and the types of training necessary or 
desirable for them. 

Program and project managers: the ex- 
ecutives, administrators, and supervisors 
who will plan overall programs or important 
segments of programs and missions. These 
individuals must be generalists, thoroughly 

trained in engineering or a physical science 
and (or) one of the resources disciplines, and 
broadly knowledgeable. A few key individu- 
als of this caliber exist; they are playing the 
leading roles in the programs presently in 
being or under development. Although these 
individuals are primarily managers, and have 
acquired the necessary management skills 
either through education, experience, or a 
combination ofthese, many have not had the 
opportunity to beconle versed in the broad 
application of remote sensing to t h e  re- 
sources disciplines. 

Instrument speci~~1ist.s: the engineers 
and scientists who develop the remote sen- 
sors needed to acquire the data. In  addition to 
competence in instrument design, they 
should have an appreciation of the scientific 
and technical disciplines for which the data 
will be used. This is especially true of those 
supervising the instrument design work. 
Soine of the engineers and physicists in 
remote-sensing instrument clesigil should be 
introduced to the use of the data for earth 
resources investigations. These engineers 
and scientists then would help bridge the gap 
between resources-oriented specialists and 
the design engineers and physicists, and ul- 
timately might work directly with the user 
specialists in the interpretation of data for 
specific investigations. 

Data specialists: the lnanagers and en- 
gineers and other specialists operating the 
data systems. This system as considered 
herein includes all of the equipment and 
facilities needed to transfer the data from the 
remote sensor by which they are acquired to 
the user specialist who will interpret them. 
For electronically generated data, this in- 
volves onboard storage and (or) transmission 

jEitel (1972) lists 62 courses in remote sensing 
and 18 courses in photo interpretation or photo- 
grammetry that include remote sensing, in 57 in- 
stitutions. Also listed are 5 remote-sensing 
graduate programs, which represented less than 
half of those in existence at the time the article was 
published. As part of its activities, the Remote 
Sensing and Interpretation Division's Education 
Committee, chaired in 1973 by Dr. Robert Baker of 
Stephen F. Austin University, is going to conduct a 
survey of colleges and universities to deternrine 
the number of courses in remote sensing and photo 
interpretation, and graduate programs permitting 
specialization in remote sensing, either as a major 
in itself or as applied to a specific discipline or 
disciplines. It is contemplated that the results of 
their survey will be published in Photogrclmnaetric 
Engineering. Professional societies, such as the 
American Society of Photogrammetry and the 
Geological Society of America have emphasized 
remote sensing by devoting entire sessions to it. 

to a ground receiving station where the data 
are received. At the ground receiving station, 
the signal is recorded and either processed 
there to an image, or retransmitted or sent in 
tape form to a processing center. For film- 
recorded data, this can involve onboard de- 
velopment of the film, conversion to elec- 
tronic signal, and then the steps suggested for 
electronically generated data, or return of 
undeveloped fill11 to a processing center and 
development, enhal-rcement, analysis, and 
other steps to provide the user specialist with 
a picture or other display having the optimum 
information content. 

In addition to the product of the remote 
sensor, often n1nch other infor~nation nlust be 
correlated with and added to attain the de- 
sired end product. The  acquisition and 
timely provision of this ancillary information 
may require sophisticated data gathering and 
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storage and retrieval (information) systems. 
At a minimum, a system that enables the con- 
junction of the ground data and aerial and 
space remote-sensor data in a central reposi- 
tory, and means for its retrieval, duplication, 
and dissemination to researchers and for 
training, is needed. In those parts of the sys- 
tem concerned with processing, analysis, and 
furnishing the end  product to the user 
specialists, the data specialists should have a 
clear understanding of the discipline or dis- 
ciplines for which the data are being used. It 
is safe to say that the success or failure of 
airborne and spaceborne remote-sensing 
programs will hinge on an adequate data sys- 
tem; this was recognized by the ~~osPrograrn 
leaders when they planned and built the EROS 

Data Center. The managers of this system 
should be thoroughly conversant with the 
use to which the data are being put. 

User scie~atists and specialists: the 
geologibts, mineral exploration engineers, 
hydrologists, oceanographers, marine 
biologists, agrononlists, foresters, land plan- 
ners, and many other earth-resources scien- 
tists, engineers, and other specialists who 
will use the data. Remote-sensor products in- 
clude spatiallspectral data obtained from 
cameras and imaging radars; physical data, 
such as temperature, chemical composition, 
electrical properties, obtained by radiom- 
eters, spectrometers, and radars; and combi- 
nations of both types of data. Therefore, their 
use can be considered as ranging from an 
extension of photo interpretation on one 
end to an extension of applied physics on the 
other. User specialists should understand 
EMR theory, interaction of EMR with earth ma- 
terials, instruments by which data are ac- 
quired, data systems, final processing and 
analysis, and interpretation techniques. 

The user specialists play a most important 
role. It is for their investigations that the data 
are acquired, and they have to interpret those 
data. Therefore, they must identify the prob- 
lems for which the data will be used; specify 
the kinds of data needed, conditions under 
which it should be taken, and form in which it 
is desired. 

ERTS is an excellent example of a data- 
collection system designed to collect the 
most meaninghl data for the intended users, 
resources managers, scientists, and en- 
gineers. This includes spectral,temporal,res- 
olution, and coverage considerations. 

The following discussion on education and 
training is directed towards user specialists 
and program and project managers, although 
recognizing that i t  is applicable to other 
specialists as well. The discussion also is di- 

rected towards those who completed their 
education before either remote sensing or 
photo interpretation were widely taught. 

The methods that can be used to educate 
and train user specialists and program and 
project managers on remote sensing include: * Formal individual courses in colleges and 

universities. * Short courses of 6 weeks or less. * Institutes of 6 to 12 weeks. * Full-time academic programs of at least a 
year's duration; may or may not lead to a 
degree. 

FORMAL COURSES 

A number of academic institutes teach re- 
mote sensing; generally these are in a tradi- 
tional department or school such as geog- 
raphy, agriculture, oceanography, geology, 
natural resources, or range management. If 
these schools are near a concentration of user 
specialists, as for example the proximity of 
the Colorado School of Mines to a large 
number of geologists in the Denver area, and 
if the course is offered in the evening or other 
suitable time when working professionals 
can attend, many do or would enroll with the 
proper incentives. Single formal 
coIlege/university courses are useful ways in 
which to train user specialists. 

These courses tend to be a single exposure 
to the subject, with emphasis on theoretical 
rather than practical aspects. Nonetheless, 
they serve as an excellent point of departure 
for user specialists who will be applying re- 
mote sensing to resources investigation~. 
Experience at a number of colleges and uni- 
versities indicates that these courses are most 
useful if the individual goes back to his or- 
ganization and almost immediately becomes 
actively involved in using remote-sensor 
data. Those who do not become actively in- 
volved may not retain much or most of what 
they were taught. Many formalcourses do not 
stress the practical problems involved in ex- 
ecuting a remote-sensing program. Likewise, 
many students do not have the proper educa- 
tional background in  mathematics and 
physics to take full advantage of what they are 
being taught, nor the time to acquire the 
background, although they can absorb 
enough to pass the course. Even so, a formal 
course, or two or three, is one way to learn 
remote sensing on a part-time basis. Natur- 
ally, if the individual is working in a remote- 
sensing program and is willing to continue 
his studies on his own, the formal course 
makes an excellent beginning. 
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SHORT COURSES 

Short courses of two or three days provide 
an introduction to remote sensing-what it is, 
what it can do, and where to turn for addi- 
tional information. They may serve as an ex- 
cellent point of departure for self education 
for those who have or will acquire the neces- 
sary background, have the necessary re- 
sources, and the motivation to learn on their 
own. Many of the shorter short courses tend 
to be very intensive, and more material than 
ordinarily can be assimilated in the brief du- 
ration may be presented. Again, for those 
who are becoming actively engaged in re- 
mote sensing programs, a short course may be 
an excellent way to get started. Short courses 
may last from two days to several weeks and, 
of course, grade into long courses or insti- 
tutes. 

An institute involving extensive laboratory 
and field work, in conjunction with an aircraft 
or spacecraft overflight, is one way to train 
selected user specialists. At a ~pec ia l ly  
equipped facility, such as the EROS Data 
Center, the students are provided with imag- 
ery which they interpret on equipment ofthe 
type they may reasonably expect to have a- 
vailable in their home organization. Introduc- 
tion to imagery interpretation can be pre- 
sented using images of the local area as a 
basis for theoretical discussion and practical 
exercises. The results of the interpretation 
can then be field checked, at least in most 
seasons of the year. In some areas, rigorous 
winter or summer conditions may preclude 
or limit field checks. The institute can be 
structured so that geologists work on geologic 
problems, foresters on forestry problems, 
etc., each under instructors from his own 
field. Because many of the problems are 
common to two or more user disciplines, or 
one discipline is influenced by one or more 
other disciplines, multidisciplinary or inter- 
disciplinary problems using the team ap- 
proach also should be included. 

An institute could be divided into three 

parts: a two- or three-week basic part for 
those with no or very weak backgrounds in 
remote sensing; an advanced part of three 01. 
four weeks for those who have the equivalent 
of a combination of experience and previous 
education of the basic part or who took the 
basic part; and a discipline-oriented session 
of two or three weeks. Both the basic and 
advanced parts would include laboratory ses- 
sions, mainly using remote-sensor data from 
many sources for instructional purposes. The 
discipline-oriented part would stress appli- 
cation to the particular discipline and would 
include laboratory and field work, obtaining 
aircraft, ground remote sensor, and other data 
as applicable, and integrating the interpreta- 
tion of these data with the main problem. 

An institute as envisioned could conve- 
niently and efficiently be offered by an in- 
stitution or group of institutions already en- 
gaged in remote-sensing research and educa- 
tion at a nearby test site, and experienced in 
carrying out field and aircraft programs. 
Likewise, the EROS Data Center is planning a 
series of technique- and discipline-oriented 
courses that approximate the institute con- 
cept. 

A sequence of two courses held several 
times a year permits considerable flexibility 
on the part of both students and instructors, 
and may be considered as analogous to modu- 
lar construction; only those modules that are 
necessary are used, and various combina- 
tions of modules can be put together to meet 
the requirements of any given time. 

FULL-TIME ACADEMIC PROGRAMS 

Full-time graduate programs of one year or 
longer certainly are among the best ways to 
train personnel in remote sensing. It is by 
these programs that research engineers and 
scientists traditionally are educated. Future 
generations of remote-sensing specialists, 
both in instrument developn~ent and applica- 
tion, can be expected to be educated in this 
manner. Only occasionally, however, can a 
resources professional spend a year or more 
away from his job. Nonetheless, where this is 
possible, it is an excellent way to provide 
training in remote sensing. In general, the 

*The institute concept was developed while the younger staff members, with or without ad- 
author was a rmmber of the Colorado School of vanced degrees, find it easier to get away for a 
Mines faculty. Many of the ide'ts stemmed from year or two than do the older, more experi- 
discussions with W. A. Fischer, U. S. Geological enced professionals, many of have 
Survey; N. M.  Short, Goddard Space Flight 
Center; W, E, Marlatt, Colorado State University; greater 

and P. N. Slater and P. B. Newlin, University of who are able to complete graduate PrOgranl 
Arizona. Although crediting them with many ofthe stand an excellent chance of becqming full- 
ideas herein presented, I fully absolve them from time researchers in remote sensin:: or users of 
all defects or shortcomings, whlch are solely my remote-sensor data, and the future. leaders in 
reqponsibility. the field. 
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TRAINING AT THE EROS DATA CENTER 
Among the primary functions at the EROS 

Data Center are training and assistance in the 
transfer of technology of extraction of infor- 
mation from remote-sensor data, and the ap- 
plication of remote sensing to resources and 
environmental problems. These are accom- 
plished by organized training courses, by as- 
sistance provided during visits or telephone 
calls to the Data Center, or by visits of Data 
Center staff to other organizations. The fol- 
lowing discussion emphasizes the organized 
training courses. 

T h e  principal  objectives of EROS Data 
Center training are: 

To train experienced resources personnel 
who graduated from colleges and univer- 
sities before remote sensing was widely 
taught and thus were unable to or did not 
take courses in it. 
To provide in-depth training in the use of 
remote-sensor data of widespread availabil- 
ity; especially that provided by ERTS-1. 
To transfer specific techniques for extract- 
ing information from ERTS and other data 
and apply the resulting information to a par- 
ticular problem, such as land-use classifica- 
tion. 

Care is taken to avoid duplication of standard 
college courses in remote sensing, or short 
courses held periodically under the auspices 
of professional societies or by colleges and 
universities. 

To  meet these objectives, training courses 
at the EROS Data Center emphasize the in- 
terpretation of data and minimize theoretical 
aspects of remote sensing. The courses are 
built around specific problems designed to 
provide basic instruction in imagery in- 
terpretation and to show specifically how 
remote sensing can be  applied to a particular 
problem. Two types or levels of courses are 
planned: technique-transfer courses and 
courses aimed at a particular discipline or 
several closely related disciplines. 

FACILITIES 

The EROS Data Center (EDC) contains a large 

classroom with a seating capacity of about 
150, two smaller classrooms, and four project 
work rooms. The smaller classroollis and proj- 
ect work roonls contain large work tables, or 
drafting tables, which provide adequate 
space for working with ~iiosaics and large 
maps. The large classroom can be divided by 
retractable partitions into four snialler ones, 
each capable of holding 30 lecture chairs. 

Major equipment available for training 
courses includes color-additive viewers, an 
image-density analyzer,  zoom transfer 
scopes, and interpretation stations with 6 0 ~  
stereo magnification. Mirror stereoscopes, 
folding pocket stereoscopes, light tables, and 
drafting equipnient also are available for use 
by the participants. 

The resources of the main U. S. Geological 
Survey library at the National Center in Res- 
ton, Virginia and Regional Center libraries 
at Denver and Menlo Park, California, and 
technical libraries at educational institutions 
are available through interlibrary loan. 

INSTRUCTIONAL STAFF 

Training courses are organized by the 
Chief of the Training Section, EDC, assisted 
by other EDC personnel. Instruction is con- 
ducted by EDC personnel,  augmented by 
specialists from the U. S. Geological Survey, 
other governmental agencies, and educa- 
tional institutions. Every effort is made to ob- 
tain the best possible instructors, and to pro- 
vide them with the necessary materials to en- 
sure a successful course. 
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