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Development and Operation of Remote-Sensing

Laboratory for a Transportation Department

DON H. JONES AND JACK H. HANSEN

There are many ways to develop and operate a transportat¡on-oriented re-
motesensing unit, but almost no wr¡tten information exists on the sub¡ect.
The use of remote sensing by state departments of transportat¡on va¡ies all
the way from many states that use no remote sensing to at least one state that
has an excellent and fully operational un¡t, An effort was made to examine
and analyze many approadres to organ¡zing and operat¡ng a femote-sens¡ng
unit. Some advantages and disadvantages of the more feasible approacfies
are d¡scussed. Also induded is a discussion of personnel and equipment ap
propriate for the range or scope of the operations envisioned. The success of
any organizat¡on is directly related to the management and supervision pro.
vided; th¡s matter ¡s also given some attention. Certain other restra¡nts (e.9,.

funding) are recognized and discussed, One must be aware of the difference
between management processes and operating testraints, whether d¡rectly
imposed (such as defined lim¡ts) or indirectly imposed through levels of fund-
¡ng or restr¡ction on the size of the staff. lnteract¡ve elements involved in the
development and operat¡on of a remote-sensing laboratory are included in the
discussion. i

Many developments have occurred in rernote sensing
since the late 1940s. Ir,lore of these developnents
vril-1 become operational in transportation depârt-
ments as more attention is given to ascertaining and
attaining mission paramêters dictated by study needs
and available equipnent. Perhaps the lingering
feeling of rnystique in the use of remote sensing
makes preparation and proper follow-up seem unneces-
sary. Hovrever, when missions are properly planned,
interpretation is adequate, and proper care is used
in its application, remote sensing becomès a ver\t
useful tool. In this respect, remote sensing can be
used Èo reduce cost and to provide for a more effí-
cient overall operation. The success of a remote-
sensing laboratory, as in any other organization,
<lepends on management, operational techniques,
equipment availability, and guålity of personnel.

Many factors, as ill.ustrated in Figure l, must be
considered in establishing a remote-sensing labora-
tory in a transportation department. Such a labora-
tory may be operated in rnany ways and may serve many
purposes. Therefore, the assignment of the labora-
tory to a particular funclioning unit is an impor-
tant decision. Other factors to be considered in-
clude level of service to be provided, quality and
quantit.y of studies produced, IeveI of interaction
between other units, type of equiprnent needed,
staffing requirenents, and cost of setting up and
operating the laboratory. Also ínportant are such
considerations as type of imagery to be acquired,
purpose of the imagery, and extent of the research
to be conducted by the laboratory. Firm decisions
that. relate to some of these factors do not have to
be mâde until the laboratory is operational, and
måny such decisions will be basecl on the economics
involved.

Some uses of remotê sensing have been skírted
(not ignored or overlooked) because of their spe-
cialízed nature. Some sensing devices, such as
radar units that sense vehicular traffic and actuate
traffic signals or photo cells Èhat operate Lights,
require neither analysis nor interpretation. These
devices are sensors that receive, trânslate, and
perform. Many sensing rlevices are avåilable in this
category, such as sensors on paving machines, infra-
red anil other sensors that read da!a cards on box
cars and packâges, vehicle weighing devices, and
speed detectors. A remote-sensing laboråtory could
have an individual wíth expertise in this area who

would know which clevices are available and how they
could be used.

Another category of sensors can recelve datä and
transmit the data to satellites that then retransmit
the data to stations for analysis and output in var-
ious for¡ns. Such instrunents have been used to
track and nonitor the conilition of fish and ani-
mals. Other instruments have been usecl to monÍtor
vehicle operator response to such things as flashing
messages anr! railroad crossing warning devices.
Transmission is usually in the iligital mode, but it
may be by vicleotape. Many types of ilata can be
handled thís wây, including tenperature, stream
flow, rainfall, and wind speeil.

Another category of remote-sensing operations
includes video monitoring and photo logging. Video
monitoring fron rernote sites is especía1ly helpful
in traffic engineering for ¡nonitoring specific sítes
such as intersections ancl interchange ramps. Photo
logging is used essentially for monitoring pavement
conditions and rights-of-way. Still another cate-
gory of remote-sensing operation involves the use of
resistivity, seismic devices" induced polarization,
magnetometers, and elect,ro¡nagnetic devices for pros-
pecting and geological explorat.ion. This category
also includes nuclear gauges used in soil engi-
neer inq .

A fu1l-y functional remoÈe-sensing laboratory
should be prepared to ¿leat $¡ith these remote-sensing
categoríes if they are perceived to be of need.
They are excluded from further discussion in this
paper because of their specific and specialized ap-
plications, and they are also excluded fron the
staffing and equipment costing sections.

In settíng up a remote-sensing laboratory or in
reevaLuating an existing one, a number of factors
should be considered. Some of these are enumerated
below:

I. What unit or units wilI most use the ser-
vices of the remote-sensing laboratory?

2. How will the remote-sensing laboratory ad-
ministrativel,y relate to other units?

3. What services will the remote-sensing tabo-
ratory provide?

4. wilt the remote-sensing laboratory provide
services for departments other Èhan the transporta-
tíon depârtnent?

5. what level of detail will be provided in
data analysis and interpretatíon?

6. What disciplinary areas (geotogy, environ-
mental science, archaeology, etc.) will be included?

7. To $¡hat extent will ground truthing be car-
ríed out?

8. Will the ínterpreters in each disciplinary
area be assignerì to the renote-sensing laboratory or
to their specific discíptinary uníts?

9. To what extent will the renote-sensing Labo-
ratory be eguipped rdith such instruments as côIor-
additive viewers, density slicers, autÕmated inter-
pretation equiprnent, zoomscopes, etc.?

10. What will be the laboratoryrs data acquisi-
tion capabilities?

1I. will equip¡nent such as thernal and radar
scanners be purchased or rented, or will the imagery
be acquired fron private companies?
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Figure l. Model for use of remote sensing in transportat¡on ¡nformat¡on systems.

12. To what extent wíI1 high-altitude (U-2 and
RB-57) and satellite imagery be acquired, and for
what purposes will it be used?

13, To what unit will the renote-sensing labo-
ratory be attached?

HOUSING THE LABORATORY

In deciding vrhere to house the remote-sensing labo-
ratory within a transportatíon department, consider-
ations woulcl include which units, such as geoJ-ogy or
environmental science, would benefit most from its
service and which units, such as aerial surveys and
photogramnebry, would provide the best support ac-
tivities for the laboratory. One crítical factor
that affects Èhis decision is whether the laboratory
wiLl be limiÈed to providing imagery for other units
or if it will provide full servíces, such as mission
planning, interpretative analysis, ground truthing,
report preparation, and additional assisÈance as
needed. Whêre to house the laboratory wilt grad-
ually evolve as these matters are considered.

The aerial surveys and photogrammetry unit will
probabl-y provide the support most needed to sustain
the renote-sensing laboratory. This unit will nor-
nally have or at least retain some control of the
aircraft needed to obtain imagery, the imaging
equipment, the processing equipment, the stereo-
ploÈters, and thê reproduction equipment. Other
activities neecled to support renote sensing, which
are often attached to the aerial surveys and photo-
gramrnetric unít, include the mapping, cartogrâphic,
and conputer-graphics sections. If the aerial sur-
veys and photogrammetry unit does contain all of
these sections, then it usually relates well to
other units within the transporÈation department,
since it comprises a service unit on which most
other units are greatly depenilent. When this is the
case, the logical place to house the rêmote-sensing
laboratory is with the aerial surveys and photogram-
netry unit.
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A problem perceived with this setup is that units
that specialize in a discipline (such as geology)
may not r.rant rèIated personnel (such as geologists)
placed separately within the âerial survèys and
photogranmetry unit, llo overcome possible adversi-
ties betr{'een units, the renote-sensing laboratory
must have the complete rêspect and cooperation of
the other units with \^rhich it interfaces. Remote-
sensing secÈions thaÈ we observed function best rr'hen
set. up in this manner.

Remote-sensing laboratories can be attached to
almost any unít, such as planning, location, or
design. Units such as soils and geology may have
their own smalI renote-sensing laboratories that
request information fron other internal units or
hire private agencies t'o provide the inagery and
analysis they need. Some serious probl-ems are in-
herent with this approach. The interpreters may be
abl-e to do a good job with the imagery, but they may
have little if any control over mission clesign and
procurement. Such mÍssion control may r/re11 be the
most important aspect of the whole process. Non-
centralized laboratories usually do not promote the
use of remote sensing in the rest of the organiza-
tion. An advantage, hovJever, is tha! studies are
limited to the specific functional unit, thus limit-
ing personnel conflicts. This type of operation
usually is not set up to do much research or to
sponsor extensive improvements. It also fosters
duplication of equipment, operåtion, and effort.
For exanpl-e, a good remote-sensing laboratory that
operates in planning probably will not be fully user!
by other units, such as location and design, because
of distractions caused by factors such as personal
arnbition, differences in nodes of operation, lack of
cornmunicaËion and understanding, and refusal or in-
ability to provide the service needed. Although
organizational management and supervision are the
keys to all operations, the willingness to provide
qual-ity service, to cooperatê, and to seek out those
needing the service are also inportant factors.
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Figure 2. Organizational structure of f ull-service remote-sens¡ng laboratory w¡th¡n an aerial surveys and photogrammetric unit.
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A re¡note-sensing laboratory can be under thejurisdiction of a spec.ific uniè but housed sepa-
rately. It also can be established as a complete
and separate unit. These alternatives also have
their advantages and ¿lisadvantages. The greatest
disadvantage of being housed separately is probably
not having access to the peripheral equipnent such
as conputer graphics and plotting equipnent. By
being a separate unit, acquisition of imagery may
not be as expedient as it would be if the laboratory
was attached to Èhe aerial surveys unit, since re-
quests to schedule míssions may be placed on a r{rait-
ing list and ¡níssions may rarely be combined. Mis-
sions designed for nighÈ flights and under adverse
conditions may be refused. pilots not trained for
precíse night flying may balk at such missions.
Aerial photographers may also balk at using color
infrared film because of the additional care needed
in handling and exposing the film. lvithout a good
service group, the addition of special equipment
such as thernal scanners, radar, and multispectrâI
scanners wouki not be effective. Although currently
it nay be far nore economical to obtain this kind of
imagery by contracting with privatè agencies, sone
equiprnent is inexpensive and should be housed in the
unit.

Another rray to handle remote-sensing needs is to
rely êntirely on private contractors. probtems with
this method are difficutties in properly designing
missions, in providing nêcessary controls, and in
finding the needed expertise in required fields such
as archaeology or pavemenÈ analysis. fn order to
get satisfactory resul_ts with this mêthod, the rela-
tion between the private cornpany and the transporta-
tion departrnent must be very close, and the capa-
bility of the private company nust not be exceeded.
one advantage is that the conpany is used on]-y when
needed. Although the cost for an indivídua1 project
may bê high, the annual cost, as compared v¡ith an
in-house operation, nay be much lower. Sôme private
companies also provide dependable and excellent
ínterpretation services. On the other hand, few
private companies have full remote-sensing capabili-
ties, a fact that creates some problerns. Even fewer
private conpanies with fuII capabilities wilt be

Iocated near the study area. Increasing future ¿le-
mands may bring about an influx in the field of ¡nore
dependable private conpanies. As Èhis is accom-plished, contracting to these conpanies may offer an
attractive alternative to an in-house operation.

Fíve possibilitíes were mentione¿l above for hous-
ing a remote-sensing laboratory:

1. As part of the aerial surveys and photogram-
netry unit,

2. As par! of some unit such as planning or 10-
cation that has considerable need for the laboratory,

3. In one or more units that have remote-sensing
capabilities sufficient to satisfy their ovrn partic-
ular needs,

4. In a totally separate unit, and
5. Through private conpanies by contract.

Based on our observations, the most effective
remote-sensing operations appeâr to be those housed
within aerial surveys and photogran¡netry units. In
addition, the most effective units provided service
to nany public agencies that reimbursed the labora-
tory for services rendered. Because the t.ransporta-
tion department hacl responsibility for the labora-
tory in this câse, it also had priority of service.
A tentative organizational chart for the first aI-
ternative discussed is shown in Figure 2. Charts
can be developed easily for the othêr alternatives.
A fulIy operational remote-sensing Iaboratory can
probably serve the needs of nany sÈate agencies in
adalition to the transportation department, such as
surface mining, conservation, water resources, and
wildlife resource agencies.

LEVEL OF SERVICE

when the est.ablishment of a remote-sensing labora-
tory is being considered, some clecisions must be
made regarding the range and quality of service to
be providecl. The range and quality of service wilL
depend on the êquipnent available, sLaffing and
staff expertise, and interaction with all other
units. The level-of-service concept is one of many
possible approaches and probably can be denonstrated
best by discussing sone examples.

DlvÍsion of Aerial Surveys,
Photogrmetry and Remote Senslng

Interac tlve
Computer
GraphÍcs

Photogråmetry
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Fu1l Service

FuIl servíce infers that the rernote-sensing labora-
tory must be able to obtain the proper imagery, cle-
sign the flight missions, provide ful1 interpretive
capability in all areas, and produce reports, napst
overlays, photographs, and any otber needed graph-
ics. Full service requires an extensive equipnent
layout, access to conputer graphics equípnent'
printing and reproduction capabilíty, and the abil-
ity to acquire the necessary types of imagery, in-
cluding radar, sa!eIlite, and black-and-white pho-
tography. The nost inportant elenent of the
full-service approach is the ability to sit down
with Èhose who need the service and t'o take the tirne
to work out all the cletails necessary for planning
the mission: determine the kinds of inagery needed,
the exact purpose Õf the project, and the exact for¡n
the output should taket set a tirne schedule for aII
effortsi allocate time and costsi and determine the
detail to be included in the final report. These
are crucial issues thãt nust be worked out prior to
initiat.ing the study. cood estirnates are needed,
especially those that relate to study costs. The
professional stâff must be r,¡el1 traineri, qualifieil,
and respected. They should and must follow through
on every project to the extent that they question
thê adequacy of the data gaÈhered to meet the
st-udyrs objectives, and they rnust deternine if ín-
prove¡nents can be made. This staff nust be avail-
able for consul-tation by the users after the reports
arê completed. ThÍs type of operation becomes in-
valuable to the user.

Medium Leve1 of Service

A mediurn level of service would probably constit.ute
a resource commitment of equipment and personnel
sufficient to provicle erell thought out and planned
missions, good interpretation, a contract specifi.ca-
tion capability for color ínfrareal photography ancl
thernal infrared imagery, and personnel qualifiecl in
some of the disciplines that use rernote sensing
most. A wêll-qualifíed individual with a good
general background in the use of remoÈe sensing
would be invaluable ín t.raining ancl assistinq others
in the use, analysis, and interprecation of imag-
ery. At this leveI, more generalized prepared re-
ports night accompany the package of inagery ob-
tained fôr t-he rêquesting unit. A considerable
amount of analysis and interpretatíon wouI(l still be
left to the user. Onty the key features would be
delineate<l on the inagery and explained in the re-
port. For this level of service, stereoscopes,
zoonscopes, and other low-cost itens of equipment
needed to assist in visual interpreÈation must be
avail-able. oensity-s1ícing equipment with color-
coding câpability may be helpful; however, due to
its expense, it should bê acquired only íf the need
for it can be justified.

Partial Level of Service

The partial-service concept may result in a renoÈe-
sensing laboratory being severely limited in the
type of imagery it can provide, in the equípmen! it
can acquire, an<l in the personnel it can employ.
The renotè-sensing laboratory may be limited, for
instance, to obtaining only photographic imagery,
i.e. , panchromatic black and white, ektachrome
color, black and vrhite infrared, and color infra-
red. These types of imagery can be provide<] in-
house by most standard aerial surveys units, al-
though some aerial surveys units, for various
reasons, strongly resist providing anything other
than black-and-white aerial photography. Other
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types of irnagery nay be obtained through private
conpaníes, nany of which are capable of meeting most
imagery requirements.

Various types of inagery can be obtaine¿l from
other agencies such as the EROS Data center and the
Tennessee Valley Authority. If the service to be
provi¿led includes evalua!ion and analysis of hígh-
altitude and satellite imagery obtained fro¡n federal
agencies, then the laboratory ¡nust be able to tleter-
mine what types of imagery are available, the sca1e,
dates of coverage, how much it will cost, an¿l when
it can be obtained. Some agencies, such as the EROS

Data center, províde automated interpretaÈive assis-
tance on a cooperatíve project basÍs. other agen-
ci.es, such as the Tennessee va1ley Authority and the
U.S. Department of Energy, obtain imagery of various
kinds, such as thernal infrared imagery' for spe-
cific purposes. Such imagery may also serve the
needs of the remote-sensing laboratory. often a
remote-sensing laboratory that provides only partial
servíce can extend its servicè quantity consiilerably
by taking advantage of the low-cost services pro-
viileil by various outsi¿le agencies. Some private-
sector companies, such as Texas Instruments and Mark
Hurd Aerial Surveys, Inc., may have various types of
imagery that, if satisfactory for the stated pur-
pose, may be acquired at reduced rates. This also
may be a way of extending the service level consid-
erably at little extra cost.

Low Level of Service

The lor.rest leveÌ of service for a remote-sensing
Iaboratory would consist of prÕvidíng only inagery'
probably as a function of the aerial surveys andl
photogranmetry unit. Sometimes' this may include
contracting for certain kinds of inagery, such as
thermal infrared and radar. It may also include
acquiring available imagery from other agencies and
sources. This service level would not include in-
terpretãtíon, analysis, enhancernent, or reportíng.
The lack of expertise for mission planning for the
more sophisticated irnagery nay result in study fail-
ure. The flight mission for the purPose of obtain-
ing thermal imagery, for instance, ¡nust be carefully
tined to coincide with proper surface conditions.
only experts can design such missions. At this
Ievel of service, the studies that may be done are
Iimited.

fnfluence of Personnel

Personnel are the key to the level of servíce that
can be provided. At fu1I service, stâff personnel-
must be qualified in specific areas, such as archae-
ology, geology, biology' and forestry. These pro-
fessional employees must be experts in theír fields
as well as in the use of remote sensing. They must
also be able to design the mission, determine the
typès of imagery neetled, use all available equipnent
in Èhe interpretation process, perform ¿lata analy-
ses, and prepare reports that are accuratê and com-
prehendable. From this full-service level' the lab-
oratory may be scaled dov¡n to the point that no
professional, employees are included on the staff in
the various disciplinary areas and the laboratory
provides only assistance in designing the mission
ând obtaining imagery. Generally, under the latter
setup, the person requesting the imagery must know
what type of imagery is needed and the conditions
under which the mission should be flown. This setup
may not be very effective' and it requires that the
unit that uses the renoÈe-sensing inagery have qual-
ified interpreters. when more than one unit nee¿ls
remote-sensíng capabilities, duplication of equip-
ment and manpower results.
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Figure 3. Propoæd tentat¡ve staffing plan for remote-sensing labofatory.

Influence of Equiprnent

Equipment available to assist the ínterpretêr is
rather extensive, ând å fully equipped renote-
sensing laboratory can cost millions of dollars,
even when cornputer services and conputer graphics
capãbilities are available fron other groups. The
full-service laboratory wilI probably contain such
equipment as zoomscopes, density slicers, color-
additive vievring equipnent, an array of photÕgraphic
equipnent, magnification capability, and other auto-
nated ancl assisted visual interpretãtion equipment.
Equipment available for analysis and interpretation
affects the level of service that can be provi<led in
a manner similar to the influence of personnel. If
eguipment is not available at a central location,
the user must provide all equipment, even small hand
Ienses and pocket stereoscopes. Most re¡note-sensing
laboratoríes witl probably provide equípment at some
intermediate leveI. DensÍty-slicing equipment is
fairly expensive but quíte useful. Such equipnent
may best be housed at one location and made avail-
able to all qualified users. It may be practicâI to
have the operation of analytical equipment assisted
by one trained indívidual and the interpretation
conducted by experts from the functional area that
the study addresses to ensure accuracy. UsuaIIy,
the more sophisticaÈed the equipment, the greater
the need for highly trained operators.

PERSONNEL REQUIREMENTS

Stringent personnel requirements are necessary for
the professional employees, including the director
of a renote-sensing lãboratory. As illustrated in
Figure 3, a full-service laboratory should enploy a
number of professional employees with good educa-
tional backgrounds in specific disciplinary arêas.
They should be well qualified through education an<l
experience in the use and interpreÈâtion of remote-
sensing imagery as applied specifically tÕ their
disciplinary areas. These positions should include,
as a mÍnimum, personnel vrith expertise in soiIs,

geology, hyilrology, geography, planning, ecology,
biology, forestry, botâny, archaeology, an¿l trans-
portation engineerÍng. These employees should have
rather broacl backgrounds. For instance, the trans-
portation engineer vrill be responsible for applying
remote-sensing techniques to traffic engíneering,
maintenance, right,-of-way, etc.

Under this setup, usually only one qualífied in-
dividual, possibly with an assistant, will handle a
specific area. fn soíIs and geology, a soils engi-
neer or a gèologist may have to handte the entire
area. In the ecology area, however, biologists ancl
foresters are so different that both nay be neces-
sary. In the transportation-engineering area, a
transportation specialist or sorneone with a broad
general education and experíence background may suf-
fice, provideal that this person rdorks very closely
with other units that need the services of the
renote-sensing laboratory such as traffic engíneer-
ing. The development of an effective laboratory is
greatly dependent on obtaining a professional staff
with good backgrounds in èhe use of remote sensing
and in the interpretation of irnagery. The labora-
tory should be set up so that it will be flexible
enough to do studies in many broad areas, but yet
restricted sufficiently, for exanple, to avoid let-
ting biologists conduct traffíc-engineering stud-
ies. The laboratÕry should províde a service and
should not' consider itself as being the final au-
thority in any area. These laboratories shoul¿l r,rork
wíth, support, and assist the units thãt have the
responsibility for and speciatize in a specific
functional activíty.

The director rnust be proficient in the management
and operation of a rernÕte-sensing laboratory. This
indiviclual must kno¡¡ about the various types of
available imagery, instruments, an¿l eguipment; be
famil-iar with interpretation nethods and procedures;
be profícient in míssion clesign and controli be
knowledgeable about photogramnetry ancl aerial sur-
veys; have a good knowledge of photogrâphy and pho-
tographic Iaboratory procedures; and have good su-
pervisory and managerial skitls. It woulcl be
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beneficial if thís person were versed in the appti-
cation of renote sensing ín transportation' but fev¡
such individuals are available. The exPerience base
of the ilirector nust be broad and must include posi-
tions of responsíbility for problem solving' prefer-
ably in the role of teân leader. Such individuals
may have gained most of their experience in govern-
¡nenèa1 agencies such as the National Aeronautics and
Space Administration or mi1Ítary intelligence' in
researh at universities, or in private industry at
such companies as Jet Propulsion Laboratory' Inc.,
an¿l McDonnell-Douglas Aircraft Conpany. lfork expe-
rience at more than one agency would also be an ail-
vantage to consider.

Personnel requírements will be predicated on the
type of laboratory needed and by the type and level
of operation envisioned. overstaffing is probably
ldorse than understaffing. Yet, adeguate staffing of
qualifieil personnel generates reliability and de-
pendability. Unqualified personnel should not be
hired, since the adverse effect on such a unit could
be severe. Tine and resources shoulil be allocated
for personnel training, which includes seninars,
short courses, professionaL activity in the given
discipline, and on-the-job training. Professional
growth and developnent and peer recognition are es-
pecially irnportant and should be proviiled. Dead-end
positions cause serious proble¡ns and discontent and
should be avoi<led if at all possible through the
provision of pronotional grades and eventually nove-
nent out of the remote-sensing laboratory into areas
with more advancement potential. A progressive in-
flux of personnel is essential to the generation of
new ideas, creativity, and progress.

The management concept should enconpass manage-
rial and supervisory techniques necessary to operate
a service-type organization and should be especially
sensitive to restraints that control the operation.
Managenent by objectives is one example of an effec-
tive management process and requires the developnent
of realÍstic goals and objectives for the labora-
Eory. The overall goals shoul¿l be broad enough to
enconpass new methods, approaches, and develop-
ments. Goals should be receptive to change and in-
clucle objectives that are realistic and flexib1e.

A remote-sensing laboratory must operate within a
budget that could be expanded or reduced on an an-
nual basis. This represents a definite restraint
that nust be recognized if a srnooth, orderly opera-
tion is to be realized. Restrictions on the number
and sometimes quality of personnel are also repre-
sentative of restraints that can be inposed exter-
nally but that should not be permitted to unduly
hanper the operation. Some trade-offs will alh'ays
have to be made, and the goals and objectives should
recognize and âccept this reality. For instance,
decisions often will be whether to acquire a piece
of equ.ipment, hire a needed professional, or post-
pone both for a year or indefinitely.

Table I lists the minimal needed staff, general
qualifications, and estirnated salary ranges. salary
ranges can be adjusted by a departmentrs personnel
sect ion.

EQU]PMENT REQUIREMENTS

The equiprnent liste¿l in Tab1e 2 wilL be required for
a full-service remote-sensing laboratory. For l"abo-
ratories wíth less than full-service capabilitíes,
the equipment should be chosen on the basis of ex-
pected study needs and on the qualifications of the
professional staff. This applies to the more so-
phisticated equipment such as ther¡naI scanners and
density slicers. Most of the equipment listed under
the first three categories in Table 2 is considered
essentiaL. This list is pronulgated on the supposi-
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tion that a fuI1 aerial surveys and photogrammetry
unit exists or that this $rork is contracted for
through the private sector and is available to the
renote-sensing laboratory. Although a rèrnote-
sensing laboratory can function without access tÕ
conputer terminals and conputer-graphics capabili-
ties, the availability of such equipnent extencls the
laboraÈoryrs overall capability. Conputer equiPment
is not itemized in Table 2 because, ordinarílyr such
equipment ís on a tine-lease basis, is centralized,
or primarily serves another purpose. There are,
however, circunstances that woul-d necessitate the
acquisition of a computer for the renote-sensing
laboratory. The goals and objectives of the labora-
tory should be wetl established before considering
the acquisition of a conputer. An up-to-date cost
estimate for equipping a remÕte-sensing laboratory
can be accor¡rplishe¿l quickly by referring to Table 2

an<l by consulting suppliers, many of whon advertíse
in such publications as Photogranmetric EngineerÍng
and Rèmote Sensing (published by the American So-
ciety Õf Photogranmetry, Falls church' Virginia).

F.EMOTE SENSING THROUGH THE PRIVATE SECTOR

A number of firms in the private sector are set up
to provicle partial or full remote-sensing services,
inctuding ratlar and thernal scanning. some of these
firms are truly expert and have excellent interpre-
tive capabilities, yet they do not totally substi-
tute fÕr a full in-house renote-sensing laboratory.
For instance, iÈ is difficult for private firms to
naintain a fuII-time staff of inclividuals with ex-
pertíse in the many areas adilressed by a transporta-
tion departnent. The principal disadvantage of go-
ing to prÍvate fir¡ns is the clifficulty in properly
planning and clesigníng the mission. The transporta-
tion department must prepare a set of rigid specifi-
cations, which means that it must have on han¿l at
least one person r,rell versed in remote sensing. An-
other disadvantage is that, due to contracting poli-
cies of nost public agencies, consultant capabili-
ties and department needs are difficult to realize
fully or use. However, over the long run' contract-
ing through the private sector may be the most eco-
nonical approach. A fully organized company cån
provide service immeëliately, but a newly organized
remote-sensing laboratory may not be fully opera-
tional for from a few ¡nonths to a fehr years after
being instituted.

For fuII effectivêness, a private company chosen
to provide renote-sensing services should have full
capability, have competent and well-qualified em-
ployees, be accessible, have good equipment' be re-
liab1e and dependable, and be able to work very
closely with employees of the departnent of trans-
portation. A possj.bl-e approach may be to select a

firm to provide services for a three- to five-year
period. Such a company nãy be chosen on the basís
of proposals submilted in response to a formal re-
quest that sets out specifications for quality,
lypes of imagery that will be required' etc. Quan-
tities to be delivered may be on demand withín a
timited schedule. A costing method wíll have to be
devised that concains proper escalating clauses in
order to protect the profit incentive of the private
company. There seens to be a tendency among some
transportation departments to be more stringent and
more demanding of private companies than of their
own orqanizations. Such an attitude is self-defeat-
ing and in the end will result in a lower quality of
service.

RESEARCH CONSIDERATIONS

Research should be an important element of any well-



Transportat,lon Research Record 892

Table 1. Per¡onnel requ¡Ìemenû.

8I

Pe¡sonnel Qu¿lification
Estimated Annual
Salary Range ($)

Di¡ectora

Tmnsportation specialistsâ

Soils and geology specialista

Fo¡estef

Archaeologista
Biologista

Geogtapher-plannera

Secretary

Clerks and typists
Editor

Expert il entire area of remote sensing is prefeûed; alrnost any disciplinary area is acceptable, but
a genera[st with a broad range of education and experience is best

Should be transportation engineers with knowledge of structures, traffic engineering, maintenance,
etc.

Either a soils engineer or geologist may be used; individual should have some education and/or
t¡aining in listed areas not represented by deg¡ee areo and a knowledge of hydrology

General background is probably best, since most have good educational backg¡ounds in wildlife,
veget¿tion studies, resowce nlanagement techniques, and statistics

Education in archaeology, anthfopology, and historical documentation is necessary
General biologist with knowledge of aquatic life, mammals, and birds is needed; fisheries and
wildlife majors will fit this desc¡iption also

Geographer-type planner may best fit the needs of this position because of more general back-
ground, which should include urban, rural, and transportation planning and especially the
application of remote sensing

Qualifications should be general, but individual must be able to adapt to use of technical
teminology in many diversified areas; technical reports will be â major duty in åddition to
standard sec¡etarial work

þpists should have ability to produce quality technical repotts
A background md education in journalism and/or English are prefened; individual must be

abie to handle technical witing; this is a valuable and useful position and must be staffed
with a competent person

30 00G-40 000

l8 000-25 000

18 000-25 000

16 000-25 000

14 000-20 000
14 000-20 000

14 000-20 000

8 000-12 000

7 000- 9 000
12 000-15 000

design but not the aútho¡ity to dictate policy beyond persoral safety. The ¿erial photographer o¡ rcmote-sensing aerial equipment ope¡¿tor may o¡ may not be assigned
to the reñotesensing laborato¡y, If the6e persons are âssigned to the laboratory, then they should be included in the list above.

aProfessio¡al.

Table 2, Equ¡prnent
l¡st and est¡mated
oost,

1981
Estimated
Cost ($)

Adequate lighting (nonglare) within room and on images
Simple general-use instruments to assist visual interpretation and analysis
Mag¡ifying glasses

5 x large
l0 x small

Pocket stereoscopes
Light tables (with even lighting)
Light tables with automatic filrn advance and retract mechanism
Miror stereoscope with magnification
Planimeters, plain
Planimeters with digital readout
Dot grid for calculating areas
Overhead viewer (for transparencies)
Opaque projector with light curtain

Sophisticated general-use instruments to assist visual interpretation and analysis
Stereo zoomscope for cut or single frame transparency viewing
Bausch & Lomb 95 zoom stereoscope or equivalent for viewilg uncut roll film

Specific-use instruments to obtain and analyze thermal imagery
Themal scanner (on-board mounted with magnetic tape) (Daedalus)
Thermal scanner with on-board analog compute¡ analyzer (Daedalus)
Portable low resolution thermal scanners (AGA or Inframetrics, Inc.)
Density slicer with color coder, television camera and stand, analog computer, cumor or pointer control,
and cathode ray tube (CRT) (color)

Polaroid camera and hood for use with density slicer
Di¡ect color hard copier (Dum Instruments or equal)

Instruments to density slice and color code black-and-white imagery (same as specific-use instruments listed above)
I¿ndsat satellite imagery interpretation and analysis
Interpretation of Landsat imagery, when obtained in the form of photographs, may be accomplished with the

types of instruments listed here and under the heading of simple general-use instruments
Landsat data tape reader with enhancement and data classification capability, output on CRT with had-copy
prints proyided by Dunn Instruments or equal

Coior-additive viewer for analysis of Landsat imagery (not recommended for acquisition unless it can be
obtained from government surplus and reconditioned for a total cost of less than $1000)

Radr imagery
In siting dams and bridges and in locating highways, available radâr imagery should be ordered; analysis of

such imagery only necessitates the use of inexpensive types of equipment as üsted under general-use instruments
When coverage is not available, contractilg for radar imagery is advised rather than purchase of radar equipment
Radar equipment
Color infrared capability-cost over and above that required to produce black-and-white photography
Additional film cost
Film storage cost assumes refrigention is currently used
Additional processing cost

Digital analysis equipment
Television camera, light table, flood lights, adjustable television €mera mount, cursor control and video
monitor

Digital-to-analog and analog-to-digital converter
Additional addressable memory
Minicomputer including tape and disk storage
Software (varies with complexity of analyses desired)
Active table, cutsor, menu tablet

l5
25
20
150
1 000
I 000
250
600
5

500
1 500

9000
5000

300 000
700 000
85 000

15 000
1 000
l2 000

I 05 000

I 000

500 000-1 000 000

_â

None
_b

20 000

1s 000
15 000
50 000
10 000-100 000
l0 000

acosts about three limes that of black-and-white photography.
bcosts aboul two-ard-a-half times that of black-a;d-white photography.
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functionlng unit. This is especially true for a
rernote-sensing laboratory because of the continuous
advances in automated interpretation, anãlysis tech-
nlques, new films, conputer applicationsr êtc. Re-
search in new appllcation areas is essentlal for a
viable laboratory. Nen itleas, techniques, and rneth-
ods should be explored an¿l used as soon as a reâson-
ablê degree of confidence is obtaineil. Of course,
research should not bê permitted to interfere with
operations, nor ehould production reliability be
sacrificed. A reasonable range of effort and com-
¡nitment of resources to research is probably betneen
l0 and 20 percent, with sone reasonâble tlegree of
fl"exibility between research and production. Pure
or basic research, in nost cases, shoulil be rele-
gated to the higher educational institutlons, but
applied research is appropriate and probably essen-
tial. An example would be studies on the use of
thernal scanners for iletecting noisture under pave-
tnenÈs. It is probably not appropriate for such a
unit to commit rnore than 20 percent of its resources
to research. Above thís comnitment, one nust ask
what benefits accrue to the operational units. Re-
search is, however, necessary for progress, genera-
tion of new ideas, and creativity. Occasional new
personnel and research are necessary ingredients for
change and progress and for helping to prevent stag-
nation.
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