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ABSTRACT

An airborne infrared line scamner sensitive to the 3~ to-5~
micron spectral region mapped 38 forest fires during the 1963,
1964, and 1966 fire seasons. The imagery obtained provided infor-
ration about the fire perimeter, relative Mty of burming areas,
and spot fire location under conditions when amoke or darkness
prevented visual reconnaissance. This rerort &eaeribea the opers~
tional methods, the squipment used, and gives many examples of
imagery collected.

The radiometric and elsctronic characteristics peculisr to
fire mapping applications are discussed. A wnique dual Polaroid
recording camera was developed to provide quickly available imagery
for air drop to fire headquarters.
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In May 196L, Work Order No. OCD~0S-62-17L was amended (Amend-

[

2 pent #2) and the revision provided a breakdown of the existing scope
3 of work by subtasks and added studies to the scope:

4 "Tn consu.tation and cooperation with the Office of
Civi: Defense, Office of the Secretary of the Aray, the

5 Departmsnt of Agricu.ture, Forest Service, shali conduct
the fo:iowing specific studies:

ﬁ;_b_g& 25214 (1) - Peagibi ity Study of Airborne
7 Infrared Device for Fire Detection and Mapping.
Deterrdne the feasibiiity of using an airborne infrared
8 ievice. for fire datect.ion and mapping in forest areas.

9 QM&QB gﬁng (11) - ....,._.__szg No. 3

Heasure detection probabi ity with an infrared scanner on
10 smali charcoa. fires from a fixed e evated position at
vertica: ang.es from 50-60 Jegrees.

Subtask 252 & (III) - ARPA Task No. 2
12 Measure detection probabiiity as a function of vertica.
ang e from an airborne scanner on sna.. charcoa fires in
13 foregts of the white pine-cedar-hem ock type in northern
Idaho and in the Dougi as~fir type found on the western

11

14 siopes of the Cascaie Mountains.
15 Subtask 25214 (IV) = ARPA Task No. 3

Heasure detection pmbabiiity on rea. fires uti. izing an
16 airborne scanner in systematic search of forested areas."
17 In the fa.i of 944, Jdue to individua. interests of the GCb
18 and ARPA, the project was divided into two sections—fire mepping
19 ani fire detection. Jubsequent.y, the fire Jetection subtasks

90 II, III, and IV of OCD-O~62~.7h were rep.aced by ARPA Orier /43(.

21
22
23
24

25

26 A
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1 Amendeent #.0 dated August 2., 1964, to work Oruer lo. UCD-
2 05-62~:74 added the fo:. owing to the scope of Wwork:
3 nSubtask 252iA(V) = Pre.iminary System Deve opment

a. Anaiyze inte. igence requirements and collect data
4 and Jdetermine opérationa. requirements for mapping rural

fires.
5 b. Analyee nuclear war enviromrent requirements and
determine operationa: requirements to support Civi: ULefense
6 operations. '
c. Ana.yze te.emetry-ground readout system require-—
7 wents and deveiop preiiminary specifications.
Jd. Perfoms mapping missions in suburban wildfire
8 ana.ysis for appiicabi!ity to Civil Defense operations,
and deveiop procedures of empioyment of IR systems in
9 suburban wildfire situations.

e. Deve.op methods of measuring rate of spread of
10 fire."

11 York Order OCD-P5-66~17, Work Unit 252 A, was negotiated in
12 Septesber :965. The Department of Agricu ture was to furnish the
13 fo..owing services to the Department of the Army, Office of Civil
14 Defenses
15 "a., Ana.yze intel:igence requirements and coliect

aata ani Jdetermine oj<rationa. requirenents for napping
16 rura. fires.

b. Gdvaiuate HRB-Singer jpre-prototype airborne infra-

17 red scanner.
c. Anaiyze te.emetry-~ground readout system require-

18 ments and develop pre.ipmdnary specifications.
4. Perforu mapping ndissions in suburban wildfire
19 ana.ygias for app' icability to CD operaticns and develop

rroce.ares of ewy. oynent of Infrarei systems in suturban

20 wiidfire situations.
e, bDeve.op wethods ci measuring rate of spread of

21 fire."
22
23
24
25

26 —ti
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Figure 1.--Photographs of Kelly Creel Prescribed Fire, 1962:
photographs; B, infrared map.
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Based on this test, an operational feasibi'ity study was
initiated to determine detai.ed equipwent requirements, operationa:
rethods, and training needed to implement infrared rmapping of wi.d
.and fires.

The AA#/5 infrared detection set fe.l far short of meeting
our requirements for an operationa. system. Imagery was recorded
on 35-mm. Panchroratic fi.m. The processing aﬁd printing required,
prior to obtaining usefu: data, resuited ir an intolerab.y .ong
tine iag between gathering of inteiligence and making it avaiiab.e
to the user. The angu’ar reso.ution of the system was inadequate
to record the terrain letai!: required for effective interpretation.
The 80° scan angie was inadequate to provide the coverage needed
in fire mapping operations. And fina.ly, the Jdynamic range of the
syster. was inadequate to handie the extreme contrast between
norma: terrain tewperature variatioﬁs and the very hot areas

associated with a goling fire.

INT 1600-12 (9/66)
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Buring the summer of :963, this modified scarmer was fiown
over nine fires. On two of these we droppéd the Poiaroid fiim
immediateiy to an infrared interpreter in the fire camp. The
inteiligence obtained was employed by the fire suppression forces.
The 1963 tests demonstrated the desirabiiity of the immediate
readout Pcliaroid prints, and the suitabi!ity of the air drop delivery
method on re;ative sma ., backecountry fims.‘ |

The iimited experisnce gained during 1963 indicated the
need for an expanded fire mapping study to answer the fo:lowing
questions:

1, What are the intelligence requirements for the suppression
of iarge fires, and how many of these requirements can be satisfied
with infrared scanning techniques?

2. Is the image dropping method of delivery suitab:e for ai:
fire situations or wi.. a te ematering capabiiity be required?

3. Wiil fire mapping be used primari.y in the initia stages
of fire contro.? wi.: it be required during contro. operations?

‘and what is its utiiity during mopup?

L. At what aititudie shou:d fire mapping missions be f.own?

5. At what times of day shou.d IR ndssions be fiown?

6. #hat are the performance requirements for an operational
fire wmapper?

7. What wii: be the reaction of trained fire contro. officers
to this new too.? how wi.. they emp.oy it? and what is their

eva.uation of its uti.ity?

INT 1600-12 (9/66)
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In January 1964, preliminary criteria for an infrared fire
mapping set were prepared at the request of the Office of Civil
Defense (see Appendix I).

In proparation for the 196, fire season, the infrared equip-
mente ;. used during the 1963 season was installed in a Forest Service
Asro Commander to be used exclusively for fire mapping. Provisions
were made for dispatching the unit to dangerous fire situations
anywhere in the country. A4 cadre of Forest Service personnel from
throughout the West were trained as infrared interpreters so their
services would be avallable to support the small laboratory team.

During 1964, the in.fmred—equippgd aircraft mapped 16 fires

‘ranging in size from 10 acres to 215,000 acres. Ve flew 33 day-

time and 16 nighttime flights. On 12 of the fires, the intel-
ligence gathered was employed by fire suppression forces. The
situations encountered range<d from flat ocountry grass fires to
wilderness area fires in rugged terrain and heavy timber, to the
rural-urban complex involving both brush fields and private
structures, e worked closely with Forest Service fire suppression
teams, State fire suppression agencies, the California Disaster
Office, and the los Angeles County Fire Department. The wide

range of conditions encountered during this season provided a

sound basis for determining equipment requirements, persomnnel needs,

and expected system performsnce.
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1 ¥We nseded to Imow the expected muber of fires to be mapped
2 during any year, and the muber of fires that can reasonsbly be

3 expected to occur concurrently before we eould prepare final

4 gystem specificstions. An analysis was made of the U.S. Forest

5 3ervice fire records during the past 20 years to obtain this

6 information.

7 In late 1964, a contract was negotiated betwesn the Office

8 of Civil Defensc and HAB~Singsr, Incorporated to design and {abri-
9 cate an infrared fire mapping unit in accordance with preliminary
10 design eiiteria prepared at the Forthern Forest Fire Laboratory.
11 e received the new scarmer (HRB-3inger Reconofax ‘{I)‘J in the

12

3 i/ Reference footnote 3.

14 apring of 1965. The Aero Commsnder was modified for the instal-

15 tion of this new unit and preliminary flight tests were conducted
16  Juring 1965.

17 There were several deficlencies present in ths new prototyre
18 unit. The amplifiers were unstable at high gain settings. The

19 &swailable gain was insdequate tc make nighttine isagery. Amplifier
20 saturation cause.i sericus overshoot problems. The packaging of

21  the alectronics was not sultable for field servicing. Thsse

22 shortcomings had to be corrected befere adequate creratioral

23 tests could be naude.

24
25

26 i
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e

- “The equipment was returned to the manufacturer with detailed
2 recommendations for modification. The needed modifications were
3 performed during the winter of 1965. In the spring of 1966, the
4 system was réinstalled in the Aero Commander and turned over to

5 the U.S. Forest Service, Division of Fire Control, for fileld

6 evaluation. ‘Subsequent test results were highly encouraging.

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26 -]

Form
INT 1600-12 (9/66)



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26

Form

Effective fire suppression deciaions must be based on the
dynamdc characteristics of the fire perimeter, its relation to
fuels, wsather, topography, values threatened, and the availability
of suppression forces. The mission of infrared fire mapping should
be to furnish the location of the fire pgrmeters at periodic
intervals, rapidly enough and in sufficient d;‘bail to allow the
fire control officers to make informed decisions (Appendix II).

The rost isportant requirement is a picture of the fire
edge in relation to ground features such as ridgetops, valley
bottoms, streams and prominent landmarks with sufficient detszil
to determine the precise location of the fire edge, hot spots,
spot fires, fuel type changes, and fuel breaks. A complete de-
scription of the fire and its behavior mmst include the following:

1. The extent and location of the entire fire edge, including
both smoldering and flandng fronts.

2. The relative intensity along various portions of the
fronts and the rate of spread.

3. The size and location of spot fires outside the main
fire edge.

L. The location, size, and intensity of isclated hot spots
within the main fire perimeter, especially those adjacent to the
fire edgs.

5. The location and adequacy of all firebreaks, both natural

and man-made.

INT 1600-12 (9/66)
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6. The size and location of unburned patches of fuel of 5
or more acres within the fire perimeter.

" 7. The existence and locatiom of major fuel type changes
for a distance of 1 or more miles cutside the fire edge, i.e.,
changes betwoen grass and brush, tixber and brush, conifer and
hardwood, blowdown and standing tisber, water and land, rocks
and timber, and rural or urban dsvelopments.

8. The location and extent of structural improvements such
as residences, bridges, factories, schools, and urban commmunities
with respect to the flre front.

In figure 2 (Gravel Creek Pire) many of these characteristics
can be seen in the infrared image.

Fire intelligence is a highly perishable copmmodity. During
the active stages of a fire's behavior, even the most complets
description of its characteristics /4 hours ago may be of little
operational value., The fire bosa charged with the responsibility
for strategy decisions mmst know what the fire is doing pow. One
of the prime requisites for any fire surveillance system is an
ability to deliver fire intelligence to the fire staff at the
scene of the fire at the time when major strategic decisions

mist be made.
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Since infrared mapping systems produce a thermal image of
the terrain being scarmed, it is essy to differentiate between
a hot fire and the surrounding terrain. Identifying fuel and
topographic features is s moch more diffiocult task. Before pro-
coading with a detailed discussion of the capabilities and limdtations
of infrared scanners for collecting fire inbemgmeo, it =ay be
helpful to discuss some of the characteristics of infrared scanners
and the factors affecting their ability to deplot surface features.

INT 1600-12 (9/66)
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INFRARED LINE SCANNERS

The infrared line scanners employed in fire mapping operations
consist of a teleacope with a sultable detector at its focal point.
A rotating scamning mirror placed in front of the objective of
the telescope causes the optical system to scan a line perpendicular
to the airoraft flight path (fig. 3). As the aircraft moves forward
along the track, sequential lines are scamed in a contiguous
manner. The output of the detector is amplified, converted to
light, and printed on film. The printing device sexposes a line
across the film in synchronism with the rotating scarming mirror——
X~axis. Film motion, in a direction perpendicular to the scan
line at a velocity proportional to aircraft velocity and altitude,
provides the Y-axis of the image (fig. 4). The scale of the
resulting image is a function of the scan angle recorded and the
altitude of the aircraft. The spatial resolution is determined
by the focal length of the optical system, the size of the detector,
the minimum spot alze obtalnable in the printer, and the helght of
the aircraft above ground. The spectral response of the system
is determmined by detector characteristics and filters employed.

Distortions inherent in these systems are discussed in Appendix III.

Figure 3.—~3chematic of an infrarei scanner.

Figure L .-—~Line acan coverage technique.
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INFRARED IMAGERY

The tone of any spot in an IR image is a function (usually
nonlinear) of the energy arriving at the scammer aperature from
the ground, On a positive immge light tones. indicate more energy,
dark tones indicate less. The tones on imagery made during the
hours of darkneas depend on the temperature of the terrain being
scanned and the variations in surface emissivity, 1.¢., the tonal
contrast is representative of the apparent radiant temperature.
During daylight hours, the image tone dspends on the energy radiated
from the surface and the reflected sclar energy; it is a function
of detector spectral response, solar insolation, surface spectx;al
reflectance, surface tempersture, and surface emissivity. For
an object to be detectable on infrared imagery, the energy radiated
or reflected from it zmst be sufficliently different from the
energy radiated or reflected from the surrounding terrain to produce
a signal eqi}al to or greater then the noise equivalent temperature
of the system.

-16~
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1 The temperature of aoﬁe.terrestial features, such as large
2 bodies of water, vary seasonally but show very small diurnal vari-
3 ations. Nost other objects exhibit both seasonal and diurnal
4 variation in temperature. Objects of very low thermal mass follow
5 diurnal air temperature variations quite closely, while ocbjects
6 of mich higher thermal mass tend to lag behind the changes in
7 amblent temperatures. These characteristics tend to produce diurnal
8 <fluctuations in the tonal contrast of objects recorded on thermal
9 infrared imagery. This effect can be most dramatically demonstrated
10 by examining the diurnal temperature variations of three cbjectsi
11 (1) A land area, (2) a rapidly moving river, and (3) a bridge
12  across the river.
13 During a bright, clear day in summer the temperature of the
14 bridge will rise as insoclation increases. There will be some
15 lag between the surface temperature of the bridge and the changes
16 in insolation. As we approach darkness, and insolation decreases,
17 the tewmperature of the bridge will gradually decrease. During
18 the hours of darkness, radiant exchange between the bridge and the
19 sky will further reduce the bridge temperature. The next morning,
20 as the insolation increases, the briige tesperature will again
21 rise., The river temperature will remain constant throughout the
22 period. The land surface temperature alsc changes from day to
23 night, but at a slowsr rate than the bridge. Imggery made during
24 one diurnal cycle goes through a complete reversal of tonal scale.
25 There are two periods when the land=to-water and bridge-to~water

26 tonal differences completely disappear.

Form - -i7-
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1 Since these tonal shifts depend cn insolation and mighttime

2 radiative cooling, cloud cover and seascnal variations in insolation
3 will strongly affect the rates at which tonal changes occur.

4 Although this water-lami~bridge combinaticn produces the rost

5 striking effects, the same shifts occur in all objeets. The fore—

6 going discussions assume a spectral response in the thermal infrared
7 only. During daylight hours, these effects are further compounded

8 by solar reflection and variations in surface reflectivity and

9 eamissivity.
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2 Performance capability of infrared scamming systems is gen-
3 erally specified in terms of angulsr and temperature resolutions.
4 Secondary considerations are ths velocity-to-height ratio (V/H)
s and total field of view which govern the field coverage rate.
6 Even 1f precise laborstory ssasurements are made of the above

7 peramsters, it is very difficult to predict fiéld performance.

8 1f we are to predict an infrared system's performance at

9 such a complex task, the parameters of angular and temperature
10 resclution are inadeguate. There are at least six different

11 definitions of "angular resolution® and three of "temperature

12 resolution® which could apply but none have been generally accepted
13 as a standard, and pone are adequate to describe scamning system
14  performance,

15

16
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The best avallable figure of merit (F¥) of scanning systems
is discussed in HiB-Singert!s Report 1751.20-R~]l, "Basic Design
Considerations for an Infrared Scanning System."

M - Y5 o 5 j \ op MTF
Figure of Herit (7H) System Noise Equivalent Temporature NET

The HIF is essentially the input spatial frequency that is reproduced
a2t the output of the system. In general, it is not an analytic
function; however, it is calculable and easily specified for any
gystem. It is more precisely defined than "angular resolution.”

The NET is that tempersture difference which would give a signal

at the dstector equal to the system RMS (root mean square) noise,

This is an ¢ffective radiometric temperature defined for each system

by an explieit function:
T = ¢(E)

where E is the total radiant energy to which the detector responds.
This figure of rmorit is dependent only on the internal conponents
of the gystem and is independent of the field at which the scanner
is locking.

With the known MTF and NET, and given an exact deascription
of the terrsin field's radiant intensity distribution, one can
calculate exactly what will be displayed on the imsge photograph.
However, at present, no one can provide the necessary radiometric

description of forested enviromments.
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The oocmplexity of the terrain rediocmetric field can be dewmon-
strated. The enargy (same ss E above) from all otservable sourses
to which & sosaner responds and whiah is samnating frowm every point
(x,7) An the forest csn bs written fumetionally as follows:

o _
m(x,yksf P(3) U(K)E‘(Rratx’Y)ﬁlfl;T(’)i))‘R(K;Hhslx;Y)ni(h,Ti)lﬂl
P{1) is the rolative speotrel rezpomse of & system sad is known.
(1) &3 the stwospheric treansmission and is strongly dependant on
sstoorological scnditfons. It 45 poasibls for E to vary 30 perceat
dus %0 yelstive humidity alone.

‘The emissivity, €(),z,x,y), can be dotermin-d omly empsrieally
by direot abservation of every material of interest and under all
congeivable conditions. ¢ will vary from material to mmtorial with
surfase roughness, molisturs gontent, observation angle, wavelength,
chomioal composition, and impurities, etc. N;(1,T(x,y)) is the
analytic Planok equstion and is caloulable only if the temperature
is known of evary point Lo be ouserved. Generslly, differences
in energy, E, will depend more strongly on € in the 8- to lk-micron
region wherse difforsnces beotwosn materials at asbient tempsratures
sre more saslly observed. Flres are moro edtsily cbserved in the
3- to 6-mioron region whore differsnces in Ny(T) gensrally account
for tho greater differsnces im 5. R(),:,B,x,y) is the reflectivity
¢f each point in the fisld. Saums comments ag on omissivity apply;

alse, R is strongly dopsndent on the illumination angls, B.

~21~
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Ny(x,Ty) is the surfeee illuminetion from sxtransous sources
such a8 the sur., KN; is not difficult to estimate (om slear days)
but isn't 88 simple as N) above. 4t night we assums Ny=O.

- From the above conalderations, the dismay of a sclentist
can be anticipeted when he is asked, "Can this scamner see a dirt
wad in & grass field?" The only possible answer is "it might.”
If the following are known, a better OGUESS could be given. Is
the dirt smooth and hard packed? Is the grass green and standing?
Has the sun been shining for ths past several hours? ls the
sun shining now? Did it rain last night? Do you wish to observe

10

11 the road from a low altitude? If the anawers to the above questions
12 are "yea" then the ghances of observing the road are probsbly

13 better. How much better—who knows? Only if the exact composition
14 and physical state of the road and grass field are given, and only
15 4if previous emperical data are available for those conditions,

16 can relisble yes-no answers bs given. Invariably, however, problems
17 and questions of this type are qualitatively specified. At best,

18 the answers myat be qualifled.
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A V/H capability of .25 radians per second is adeguate to
meet fire mapping needs. A system angular resolution of 4 milli-
radians and a texmperature resclution of 2* K. is the absolute
minisum for fire mapping, i.e., most of the information required
can be obtained under optimum conditions. With an angular reso~
lution of 1 milliradian and a NET of 1/2° K. we feel that under
most conditions the needed fire intelligence can be obtained.

The tabulation in Table 1 is our "best guess" comparison of
the adequacy of two different systems in meeting the requirements
for fire intelligence.

INT 1600-12 (9/66)
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Operational _______Estimated performance®
altitude Ao =l mdlliradians o™l milliradian
.3'1"‘2“ Ko ﬁlhl/ zo Ko
Feet
I. Ejire Edre
1. Owverall per-
imeter 16,000 max. Adequate Adsquate
2. Flaming
front 10,000 max. Adequate Adequate
3. Rate 'of_
spread - 10,000 Adequate Adequate
4. Intensity
(size) 10,000 max. Adequate Adequate
5. Firelines Probably adequate:
& breaks 4,000 min. Poor A T=1/10° K. would
improve chances
tremendousaly

6. Spot fires
ahead of
front 10,000

II. Fuels
‘ 1. Hot spots
within 300!
of fire edge 4,000 min.

2. Unburned
fuels~ 5
acres 10,000

3. Fuel types
cutside of
fire 10,000

III. Structural
Irprovements  1C,000

Poor, depends on Much better, prob-
tiuber cover and ably adequate.

spot fire inten- 3t1l1l a matter of
sity and size statistical chance

Adequate Adequate

Hoderate; vary de~
pendent ony T; also

Very poor prior knowledge of
local area

Probably adequate
with prior know-
Poor ledge of local area

Adequate on basis
of assoclation with Very good
lecal surroundings

#Distances on ground are only deterndned with + feet per 1,000 feet
Form©f altitude with 4-milliradian systers, and +1 foot per 1,000 feet with

INT 1dosdibligpiden systens.
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1 THE FIL P SYSTEM

2 The fire mapping system, developed under OCD Contract No.

3 OCD=-05~62~174, was designed to meet the criteria prepared by

4 Project Fire Scan (reference Appendix I1). The system consists of

5 three major subsystems:

6 1. The Reconofax 115/ infrared scanner and remote control
7 unit; '

8 2. a test oscilloscope; and

9 3. a real-time viewsr and Polaroid camera assembly.

10

" 5/ For detailed information on the original Reconofax XI scanning
" system see: Scbel, IIX, J. A, 1965. Prototype airborne infrared

s fire mapping set (U). HRB-Singer Final Research Report, Contract
1
FOCD-P3-65~54, OCD Subtask #252,B. 59 pp., illus. (Classified).

14
15 RECOBOPAX XI SCANKER
16 The infrared scammer unit (fig. 5) contains the rotating

17 opties, the detector-dewar-preamp assembly, the glow tube modulator
18 assembly, and the 70 mm. film cassette. The film cassette is

19 easily removed for film processing (through a penel in the side

20 of the scanner). The port door (shown open in fig. 5) automatically
21 c¢loses when the scanner is not operating. The scanner remote

22 control unit (fig. 6) contains the video processing circuits and

23 the system power controls.

24

25 Figure 5.-~Heconofax XI infrared fire mapping scanner.
v Figure 6.~-Reconofax XI (mod 2) infrared scanner remote control unit.

25~
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Figure 5.--Reconofax XI infrared fire mapping scanner.
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Figure 6.--Reconofax XI (mod 2) infrared scanrer remote
control unit.
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1 The test oscilloscope originally supplied with the system
2 was a 3~inch Tektronix Hodel 3215/ operating dirsctly from the

&/ Reference footnote 3.
4

5 aircraft 28 v. d.c.
6 The Reconofax XI infrared scanner, delivered to the Northern

7 Forest Fire Laboratory in June 1965, was too unreliable for flight
8 testing. The scanner was returned to the factory for temporary
9 repairs in late August 1965. Upon return, tests on a few fires
10 in California, followed by laboratory tests, furnished enough in-
11 formstion to prepare an evaluation rcporbz/ . The report listed

12
7/ "First Evalustion of the Reconofax XI," Horthern Forest Fire
13
Laboratory in-house report, Hovember 5, 1965.
14

15 39 recommended changes.

16 A contract was negotiated with HEB-Singer, Incorporated to
17 modify the system in accordance with the reconmendations in the
18 report. Twenty-three of the 39 items were chosen as feasible and
19 reasonable, considering the time and money available.

20

21
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1 REAL-TIVME VIEWER

2 hile the Beconofax XI system was at the factory, the real-

3 time viewer (fig. 7) wvas delivered to the Northern Forest Fire

4 Laboratory for ewalustion. The real-time viewer (B-scan) contained
5 a single-frame Polaroid camera photographing a high resclution

6 cathode ray tube (CRT). The construction of the viewer was con-

7 giderably better than the original scanner.

8’ '
9 Figure 7.~Real~time viewsr with dusl Polaroid camera attached.

10 The viewer was received amithout an internal high-voltage
11 power supply. Becsuse the normal supply had failed at the factory,
12 the mamifacturer furnished an external laboratory power supply

13 for preliminary tests.
14 A dua) phosphor (P~7) CEYY was supplied with the viewer

15T
16 8/ A P=7 cathods ray tube has a dual phosphor coating with

| two spectral peaks. A mediun-ehort pereistance pesk st 4400 K -
g 18 sultable for photograpiing when used with & blne filter. A long
|, PeTeLntance pesk at 5580 X with an dsber filter is adequate for
B-scan viewing.

1

20

21 to permit monitoring end photographing a single tube. The CRT
22 gammfacturer specifies a mirisum spot size of .003 inch for the
23 p-7 phosphor. The spot size was nearer.006 ihch when installed
24 in the printer. A .00l dnch spot sigze is required to retain the
25 desired scanmer resolution.

26 =
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g

Figure 7.-—-Real-time viewer with dual Polaroid camera attached.
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1

When it was found the required resolution could not be

2 achieved with the dual phosphor CRT, the manufacturer supplied

3 a P~11 phosphor CRT for replacement. The best laboratory msasure-

4 pent of spot size was .002 inch. Under sctual operation the spot

5

size was nearer ,005 inch. Seversl factors caused the degradation

6 4n spot size. The .002-inch spot size was measured under controlled

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26

conditions with optimum focus m#R woltage, and minimum noise and
ripple. Under operating conditions the focus voltage was 75 wlts
low. and the high- voltage power supply contained more ripple than
the iabomtory power supply used for the controlled tests. The
low-voltage power supplies created noise spikes and ripple in

the video circuits. Ground loops and poor wire routing added
noige and ripple to the video. Each condition increases the spot
slze.

CRT pincushion distortion? was about 1/16 inch when it was

9/ Pincushion distortion occurs when the distance traveled
by an electron varies as the electron beam 18 roved across the
face of the cathods ray tube. The amount of daviation, or curvature,
from a straight line is used here as a wasure of pincushion die-
tortion. Por further detalils reference: Jenkins, Francis A.,
and white, Harvey E. Fundamentals of optics, p. 143. ED. 2, 847

pp., illus, HNew York: McGraw-Hill. 1950.

received. A permanent magnet pincushion corrector was purchased
for $35.00 and installed on the CRT deflection yoke. Line curvature

was not noticeable after the corrector was alined and locked in place.

-28-
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1

The input to the viewer video amplifier was a.c. coupled

2 without d.c. restoration (refer to Appendix IV). Blocking occurs

3
4

5

on the viewer imagery whenever the hot signal is large enough to
alter the background reference lsvel (indicated by arrows on fig. 8).
Sealler video changes cause signals adjacent to the fire to loose
contrast and detail. The variable voltage clipping in the scanner
control unit was used successfully to reduce the large aignal

amplitudes.

Figure 8.—Infrared fire imagery showing d.c. level shirfts.

10
11 CAMERA

12 The viewer was furnished with a single frame Polaroid camera

13 (Tektronix Model C-12).4Y Northern Porest Fire Laboratory personnel
14

s 10/ Reference footnote 3.

16 yeveloped a unique camera, utilizing parts from the C-12, to mest

17 the requirements for immediate and continuous positive prints of

18 fire imagery (figs. 9 and 10.)

19 -
20 Figure §.~—Dual Polaroid camera with film back open.

21 Flgure 10.--Dual Polaroid camera with data slate door open.

22

23

24

25

26 ~29~
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Figure 8.--Infrared flre imagery
showing d.c. level shifts.
; ~29a-




Polaroid camera with film back open.
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Figure 10.--Dual Polaroid camera with data slate

door open.
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The dual Polaroid camera system contains & "£lipping" mirror
and lens assembly that projects the viewer cathode ray tube image
sequentially onto two Polaroid film packs. Control signals for
the camera are obtained from the viewer, The rear frame of the
Tektromix Type C~12 camera was replaced by a new unit containing

the flipping mirror and two Polaroid film packs. The flipping wirror

is two first-surface mirrors mounted back-to-back and rotated to
image the CRT face, first to one film pack and then the cther.
The mirror is driven in both directions by two rotary solenoids

powered by the camera relsy in the real-time viewer. (The camera

10

11 relay is operated by the vertical sweep.) A panel on the back of
12 the camera contains (1) two amber lamps to indicate the £ilm pack
13 being exposed, (2) a2 green lamp to indicate when the shutter is

14 open, and (3) a reset button to control the start of a fraue by

15 restarting the viewer vertical sweep.

16 A slate unit (fig. 10) records sequential freme numbers, tire
17 of day, and written information on the imagery. The slating wmecha-
18 nisia 18 mounted on the base plate of the C~12 camera and is imaged
19 through a beam splitter onto a 1/2-inch area along the edge of

20 the film. The slating unit folds down for access to the clock and
21 writing surface.

22

23

24

25

26 =30-
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1 Considerable effort was spent in making the camera compact.

2 All wiring is internal with comnections irade automatically as the

3 camera is closed. Carera focus, aperature, and shutter speed

4 controls were not changed. JStandard Polaroid film packs are easily
5 loaded from either side of the camera. The installation on the real-
g time viewer is the same as mounting a camera on an oscilloscope.

7 NONITOR

8 Initial planning incorporated the system monitor into the

9 printer as a dual purpose viewer. when the dual phosphor CRT

10 was replaced with the short persistance CRT, a new monitor was

11 required. By chocsing a standard oscilloscope for the monitor,

12 the separate test oscilloscope could be eliminated. A Tektronix

13 Type h22n/ portable oscilloscope (fig. 11) with a P-7 phosphor

14
1l/ Reference footnote 3.

15

16 CRT was chosen for its compactness, versatility, and power require-
17 menis. The scose wes rouified to permit intensity wodulating

18 the cathode for B-scan operation. Vertical and horizontal sweens
19 were obtaine: from the viewer. Thg cathole may be ilsconnecte:!

20 for A-~scan operation, or both B~scan an! A-scan rzay be viewe:

21 sinultaneously.

22
Figure 1l.--Monitor oscilloscore.
23
24 Two viewer rno:ifications were ma-e to provide signals for the

25 ronitor scope. First, a new viieo amilifier was installe.d; andi
second, another horizontal sweep amplifier was installed.

26 =31~
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MODIFIED RECONOPAX XT

In June 1966, the Reconofax XI (mod 2) scanner was returned
to the Northem Forest Fire Laboratory for 6 weeks of extensive
testing. Ths scanner and remote control assembly (fig. 6) had
been thoroughly modified. All wiring was replaced, new printed
circuits installed, and internal veckaging completely changed.
The result was a reliable scanner system.

The modifications included & redesign of ths video circuits
to reduce the preblems caused by large fire signals. D.c. amoli-
fiers separated by a.c. coupling with accurate d.c. restoration
reiucei reference level shifts (Appenaix IV). Amplifier gain
was increassd to 94 ddb for higher film contrast on low-level
terrain signals. The 3 ¢b bandwidth was fixed at approximately
650 kHg to enhance small terrain features. large fire signals
cause filn an.: CRT ohosvhor saturation and reference level shifts,
creating loss of fire rerimeter and a<djacent terrsin detall.

The amplitudes of high energy fire signals can be restricted by
voltage clipping circuits. Two metho:s of voltage clipning were
use.i to resuce the effects of excessive signal:

1. A fixed voltage eliproing level was built inte the video
amplifiers. No incoming signal can cause an outrut which exceeus
this clipsping level. This eliminates the halation effects on
the film cause: by large signals as long as the i.c. referencs

is retained.
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2. A variable woltage clipping circuit was aadeu, permitting

1
o adjustment of the maximuu signal level to meet changing terrain
3 conditions. The variable voltage c¢clipping circuit is unnecessary
4, and can be removed from future systema having adsquate fixed
s voltage clipping.
6 SYSTEM EVALUATION
7 The Heconofax XI scanner, real-ticxe viewer, an.: meonitor
g were combine.i for a series of laboratory testa. Angular resolution
9 was measured using a hot, black source with 1-, 2-, and L-mil
10 aperatures collimated and foldeds into the scanner. Angular reso—
11 lution at the output of the preamy was between 1 and 2 millirazians,
12 as measure. from Polaroi.i picturss of an A-scan trace.
13 Total system angular resolution was determined by prianting
14 resolution targets on both 70 mu. ani Polaroii film. Resolution
15 on the 70 mm. film was between 3 ani 4 milliradians. Inadequate
16 focus of the CRT restricteu the resolution of Polaroi: filwm to
17 about 4 millire:ilans in the 60° scan position gznq 8 zi1liradians
18 in the 120° scan position.
19
20
21
22
23
24
25
26 =33~
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Temperature resolution was measured as a noiss squivalent

1

, tesperature (NET) equal approximately to 2° K. The source for

3 measuring NET was a single hot target equal to appraximately one

; angular resolution element measured against an ambient tempersture
5 background. Target temperatures between 30° C. and 70° C. pro=~

6 viied signals withip the linear portion of the amplifier gain

7 curve. Then

8 NET = _ Tt=Th

9 ‘

10 wheres T, = the target temrerature,

11 Tb = the backgroun:i temperature,

12 E i ™ the peak signal voltage, and

13 Bprus =™ the true rms value of the background noise without
14 the target.

15 Contrast and intensity controls worke.! very well. The coarse
16 ani fine attenuation »(contmst) controls rermit excellent aijust-
17 rents of signal smplitudes on both 70 mm. filk and the B-scan.

18 The contrast control on the B-scan is use: only for initial set

19 un. Separate intensity (brightness) controls for the 70 mu. and
20 the B-scan perxit iniividual <.c. aijustrents to comeensate for
21 equipment arift.

22

23

24

25
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1 A new nroblem with the scanner viewing angls became evident
2 Zuring the evaluatiocn tests. The d.c. restoration level is dis-
3 turbed by large fires seen by the scanner outsile the desired

4 120° field of view. A black streak across the image results

5 (see arrows fig. 8). The scaming zirror always "sees™ more than
6 the desired 120° field of view unless vignetting is permitte:d.

7 Swal)l metal shielis on the aircraft, restricting the total fieli
8 of view to 120°, temporarily reduce:: ths effects of this problem,
9 Some vignetting of the -esired signal occurs, but is not sewere
10 enough to be objectionablo.

11 The scamer, real~time viewsr, an< momitor oscilloscore

12 were installed in a U,5. Forest 3ervice Asro Commanier 500-B

13 aireraft (fig. 12). The alroraft hss a s-ecial scanning slot

14 cut in the bottom of tha fuselage for the Reconofsx XI scanner.
15

L6 Figure 12.~~Final instazllation of the fire mapping system in

. the Aero Comman.ler alrcraft. The scanner is behini the seat

I8 in the lower right of the ricture.

19
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Figure 12.~-Final installation of the fire mapping system in the
Aero Commander aircraft. The scanner is behind the seat in
the lower right of the picture. C
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Angular and thermal requirements for fire mapping systems

2 are not well defined. Local test flights were flowm to demonstrate
3 system performance for comparison with the original design criteria
4 (Acvendix I). Both day smd night flights over resolution charts,
5 airports, and urban areas were made to ald subjective decisions

6 on system performance. Automobiles in warikdng lots, trailer eourts,
7 and aircraft engine nacelles were uss.! to determuine angular reso-

8 Jution after resolution charts were not resolvable. dater tempera-
9 ture gradients in a river and in factory cooling ponds were used

10 to judge tempmerature resolution. The results weret

11 1. The system angular resolution was 3 to 4 nr. and was

12 poorer than the Josire: mininum (Appeniix I),

13 2. The angular resolution of the 70 rm. and Polaroid film

14 4n the 60° position was appraxirately aqual.

15 3. System temrerature resolution of the 70 mm. any Polaroid
16 {1z was about equal ani adequate for most fire majring rdssions,
17

18
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There were no wildflires available locally curing the test
roriol, so the system was put into oreration without prior evalu-
ation ovsr a fire,

The fire maping system was relessed to the Division of Fire
Control, U.S5. Forest Service, on July 13, 1966. It consisted of:

1. & Recomofax XX (mod 2) iafrered scanner and remote control
unit. '

2. A Bescsn, real~tine printer with & aual Polaroid camera
attactment,

3. A monitor cscilloscope.

4. Mincellaneous associated materials required to pearmit
ayatem o-eration.
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OPERATIONAL CONSIDERATIONS
NAVIGATION

Any fires requiring infrared wmapping will be partially or
totally obscured by & Jdense smoke rall. In rost eases, the smoke
pall covers only the area over and immediately adjscent to the fire,
This situation normally occurs when a fire 1s located in the bottom
of a drainage and the smoke is tranred by & temperature inversion.
In cases of this tyve the pllot can usually alineo the sircraft
with the fire by using reference points wvisible ocutside the smoked-

10 4in area. when it becomes necessary to fly over a particular

11 portion of the fire, some secondary means of navigation may be
12 peaded.

13 In severe cases, the smoke nall way cover several hunire:
14 gquare miles. This condition was encountered in 1964 at the

15 Coyote Fire near Santa Barbara, California, in 1965 in the multinle
16 fire situations in uest Virginia and Nevadia, and in 1966 at the
17 Oxbow Fire near Bugeme, Oregon. Unier these conditions, radio
18 navigation alds must be used to asaist in aircraft alinement.
19

20

21

22

23

24

25

26 -38-
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In many areas in the western United States, where wild land
fires are a problem; the distance to standard redio navigation
facilitios (MO, IMK) 18 too great for them to De used for ace

as Doppler radar or inertisl devices should be providsd. An
adequats navigation system in cozbination with a real-tixe infrared
viower will provide the capebility for alining the sircraft with-
portions of the fire of primary inmterest. If a realstiwe display
of the infrered imagery is availahls, the problem of determining
the position of the aircraft with respect to the fire front is
groatly ainplified, and the tiws required to obtain adequate

‘eoverage will be xrl.nimized Unfortunately, the performance char-

a.mristica of pmsently available, real—time viewers leave a
gmt deal to be desired in J.xmimsity and rasolution. Ther
perforuance is marginal at best.
ALTITUDE SELECTIOH

The altitudes selected for the initial surveillance flight
should be high enough to permit coverage of the entire fire width
on one pass, with adequate allowance for navigation errors. If the
scale of the imagery produced at this altitude is inadequate to
provide the detalled information needed on portions of the fire,
subsequent passes can be flown at lower altitudes. The selection
of altitudes for follownp :nlasions must be a compromlise based on
resolution requirements, mycber of passes to complete the data
gathering, navigational errors, and adequate terrain clearance

for safe operations.
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GROUND SFEED

The ground speed of the alrcraft mst be accurately determined
prior to the beginning of a pass. If a Doppler radar is available,
this information is quite easily obtained. If not, the pilot can
use stendard navigational procedures to determine the expected
ground speed over the target. Ground speed information is nesded
to adjust the printer V/H for correct aspect ratic on the® imagery.
Unless an accurste ground speed measurement is available, it is
mandstory that passes be made in opposite directions or in two
directions at right angles to each other over the fire. By com-
paring imagery thus made, any ervors in V/H setting become readily
apparemnt (fig. 13).

Figure 13.—~Impropsr V/H adjustments causing A, elongation, and
B, compression of fire ares on infrared imagery.
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Figure 13.--Improper V/H adjustments causing A, elongation, and

B, compression of fire area on inirared imagery.
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The prime considerstion in scheduling infraved fire mapping
fiights 1s to providé the fire staff with current information
i time to assist in formlatinig fire attack plans for the next
shift. In general, diiiing the ‘untontrollsd stage of the fire the
desirsbls flight timss are 0400, 1000, 1400 to 1600, and 2000
£6- 2200 hours. Allowance must be made in scheduling for the time
required from collsection of imagery to delivery of inmterpreted
inteXligence to the fires camp. The hours immodiately before
and-&fter sunMse and sunset should be awvoided since thermsl

‘washout, low sun argle, and rapidly changing conditions make it

extremsly difficult o obtain good terrain detail on infrared -
imagery. Once the fire has been céntained it is the concensus
that two flights per day should provide adequate intelligemee,
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3 mﬂummdintorprotod Mmﬂndsafimgodnnm
hout. this program were (1) air drop from the scanning

5 aircraft, and (2) dslivery by ground trensportation from the

6 nearest alrport. Mmmmt.mwmlazmdmnw
7 telsmstering ground stations at the fire camp. The air drop

8 method is simple and fast, but it has assveral serious limitations.
9 It is often difficnit to find a sultable drop sone if the area

10 adjacent to the fire camp (s chscwred by smke. Quite often,

11 helicopter snd retardant aireraft traffic in the vicinity of the

12 fire camp osuses serious delays. The air drop operation inwvolves
13 an slement.of visk when the fire camp is located in canyon bottoms.
14 Delivering the imagery from the nearest airport often involves

15 4intolerable delays.

16 The intelligerce information is freqxent]y needed at both the
17 main fire camp and at zone camps around the fire perimeter. A

18 telemetering system for instantaneous tmmisaion of imagery

19 to samal locations simmltanecusly would hsw great operational
20 value,

21

22

23
24

25
26 Y
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6 - Tne modifled AKS/5 starrier, with a singls Folarcid camers,

7 was used during this pericd:  Tab)e 2 surmarizes fire mapping
8 wmisstons performed during the 1963 and 1964 field seasons. Over
9 800 pleces of imagery were produced in a wide wariety of fuel

10 pypes snd burmdng conditions: Teble 5§ in Appendix V supplies a
11 aptailed breakdosm of operational performsnce for individual

12 sissions dwding the 196, fire season. In mddition to operstional
13 misetons over 80 training missions were flown to test equipment

14 gnd develop erew proficliency.

15
16
17
18
Nurber Kuymber flights Average Nuxber No. fires TFuel types
19 Year fires Day Hight fire imagery IR intel- encountered
sige drops ligence
20 providsd
21
92 Acres
23 1963 7 15 1 11,30 8 3 Fir-grruce
Grass
24 Pine
Sagebrush
25 194, 16 33 16 19,8300 19 12 Pine
26 Fir-spruce
Cak=brush
Grass
Form - Sagebruah
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Infrared imagery was used to detertdne the psrimeter location
ot 10 wncontrolled wildfives; on 7 of these fires it would have
o i 16 to' actuFabely hep'the fire pirlafter using com=-
ventional reconnaissarnce methods, On 3 of the 10 fires; IR was
the sole source of fire perimster information. IR recormaissance
became an integral part of the strategic and tactical fire control
slaming. . ,

The quality of the IR imagery varied widely. On ons fire,
equipment failure preverited collection of usabls imagery. Even
with poor quality imegery we were able to plot the fire perimeter
with enongh accuracy to sweet the minirmm reguirements for large
fire strategic and tactical control planning.
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INTENSITY INTELLIGENCE

As seen in figures 14 and 15, fire imagery graphically portrays
the relative heat intensity of burning forest fusls. On 13 of
the fires mapped, this intemnsity intelligence was shown to coummand
persormel. In every case the information proved of value in
deploying air and ground forces to suppress priority hot spots
along the perimeter. The Candle Mountain Fire on the Helena
National Forest (Region 1) demonstrated the wvalue of IE intensity
intelligence} this fire originated from lightning in a roadless,
subalpine tirber stand of spruce, fir, and lodgepcle. Although
fire spread wes stopped at 1700 hours on July 23, a comparison
of imagery obtainsd at 2200 hours on July 23 with that obtained
at 0530 hours on July 2, showed little change in intensity chu‘ix;g
the intervening hours of darkness (figs. 16 and 17).

Pigure 1;.—IR imagery of Muns Canyon Pire, 1964.

Figure 15.—~IR imagery of Coyote Fire, 1964.

Figure 16.—IR imagery of Candle Mountain Fire, 2200 hours on
July 23, 1964.

Figure 17.—IR imagery of Candle Mountain Fire, 0530 hours on
July 24, 19é4.
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"Figure 16.~-IR imagery of Candle ‘Mountain. Fire, -
2200 hours on July 23, '1961;. :
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Figure 17.--IR imagery of Candle Mountain Fire,
0530 hours on July 24, 196k.

-




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Visual reconnalssance made at first light on July 24 showed
very little swoke rising frox the burned area. This situation
might have called for releasing manpower, particularly since the
fire perimeter had not increassed during a 12-hour period of cooler
temperatures and higher mmidity. Based on intensity intelligence
obtained from the IR, command personnel decided not to release
line workers during the day shift and to pursue vigorcus mopup.

SPOT FIRE INTELLICGENCE

Spot fires were encountered on three of the fires mapped.

Un twe of the fires spotting 4id not constitute a major threat;

but on the third, one of three spot fires had not been detected

by the ground forces (fig. 18). During the mapping mission, the

location of the undetected spot fire was radiced to suppression

forces. They were able to take control action before it becaue a
serious problem. On each of the three fires, IR imagery clearly
iepicted the presence of spot fires. Jooke often prevents early

spot fire detection using visual reconnaissance.

(e

Figure 18.—IR inagery of Crazy Creek Fire, 19&.
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‘Figure 18.—IR imagery of Crazy Creek Fire, 196.
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HOPUP

Kapping of above-ground burning fuels was performed on 11 wild-
fires during mopup (after control had been affected). IR inagery
obtained during wopup of these fires proved of value in tactical
employment of manpower and equipmsnt. Figure 19 shows hot spots
on approximately 6-1/2 miles of cold fire psrimeter. Using the
imagery, it was poasible to deploy forces to portions of the perimeter
where burning fuels still persisted.

Figure 19.—~IR imagery of Coyote Fire, 1964, during mopup.

Often, burning fuels at this stage consist of hot coals
which give off very little smoke to aid in visual detection.
These hot coals are a source of firebrands that could be wind
borne into unburned fusls outside the fire perimeter. Detection
of hot spots by conventional visual means on fires like the Coyote
Fire, where over 70 miles of perimeter existed, requires a very
large expenditure of manpower. IR mapping eliminates this problem.
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1 INTERPRETATION

2 An average of 40 minutes was required to transfer fire intel-
3 ligence from IR imagery to aerial photos and/or maps. Interpretation
4 time, plus an average of 1 bhour for each flight, resulted in an

5 average of 1 hour and 40 minutes from the first imegery run over

6 the fire to delivery of the corpleted mep. )

7 On most fires, intelligence was transferred from the imegery

8 to aerial photos and finslly to topogrsphic or planimetriec base

9 maps. This method uses corresronding grids for transposing the

10 fire perimeter from imagery to its appropriate location on a photo
11 and finzlly to a map. Thegridmd proved well adapted for use
12 in areas where there were no prominent changes in vegetative type
13 or san-made features.

14 On three fires there were enough recognizable features to

15 eliminate the intermediate step, i.e., use of a photo. This

16 method was aimplar énd quicker; howsver, its use is restricted

17 to areas whare numerous changes in vegetative types are found or

18 where there are recognizable man-made features, e.g., logging roads,
19 clearcut logging units, orchards, rural and suburban habitation

20 (iig. 20).

21
Figure 20,—~IR imagery of man-made features adjacent to the Mill
22
Creek Fire, 1964: A, Orchard; and B, road.
23

24
25

26 ol
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Figure 20.--IR imagery of man-made features adjacent
to the Mill Creek Fire, 1964: A, Orchard; and B,
road.
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Iragery obtained during the first 2 hours after sunrise
mzmurmmmmmmzwmmmm
scanner operetor could not compensate for repdd changes in thermsal
contrast. Figares 21 and 22 show how the early morning sun on
south slopes obscures portions of the fire perimeter while terrain
features on contrasting north slopes are difficult to distinguish.
when equipment settings are made to accommodate south slope con—
ditions, they usually produce an adverse contrast on north slopes

(or vice versa).

Figure 21.—Degradation of IR imegery by the early morning sun,
Big Creelk Fire, 196.

Figure 22.~-Degradation of IR imagery by the early morning sun,
Willow Tree Fire, 196.

IMAGERY DROPPING

On seven fires we used the equipment shown in figures 23, 24,
and 25 to drxop imagery to the ground interpreter. This method is
cheap and effective. A total of 28 imagery drops were made—-21
during the day end 7 at night. All drops were successfully re-
trieved. Our experience on training and operational mlssions showed
drops could be consistently placed within a clearing 500 feet in
diameter. Ths average day drop was made at 200 feet over terrain
and the average rdght drop at 500 feet.

Figure 23.-—-3ide view of drop tube ejector assembly.
Figure 2l .—~Ejector assexbly with drop tube fully inserted.
Figure 25.~Night drop tube components.
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Figure 21.—-Degradation of IR imagery by the early mornlng
sun, Big Creek Fire, 1964.
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Figure 22.--Degradation of IR imagery by the early morning
sun, Willow Tree Fire, 196i.
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23.--Side view of drop tube ejector assembly.

. Figure 2), .-~Ejector assembly with drop tube fully inserted.
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Figure 25.—Night drop tube components.
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«FIRB-COMMAND INTERVIEWS

-2 .- Command persomel wete: vitally interested in obtaining intel-
1igence on -periznter 1dcstion; rate of fire spread, spot fires,
fire imtenmity, and:loostion of interior -wnbioned o ssorched:i:
ayeas., Oonsiderable emphasis was placed on the need for infor-
matiofi'on intensity snd dslineatioh of unburned areas.

- Maps-end aerial Fhotos were selscted as the preferred media
for portraying intelligense at command headquarters and for tactical
line overhmad use. - Ths ability to sée domér-built é¢ontrol lines
on. fire imagery was considered ixportants handlines and pusper unit

Avorage dessired frequency for obtaining perimeter intelligence
was five times per dsy during the uncontrolled staje and twice.
a-dsy daring the controllsd (or mopup) stage. Preferred time of
day (or night) coinsided with planning schedules for changing
shifts and for obtaining "hest of the day” intelligence. MNost
interviewses folt the fire boss and plans chief should physically
view the fire at least twice & day.

Responges of fire staff personnel.--The following are on~the-
scene coxtents of conemnd personnel:

*First realjycomplete pioture of the perimeter of the fire.®

IR intelligence gave the fire manager & good positive idea
of vhere hot spots were located and situstion tacties called for

at that tiwe."

=50=
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"Southern Californla's large fire IR intelligence requirements
call for high-altitude (small-scals) imagery.®

"IR intelligence would have been particularly useful during
the fluid stages of the fire when the flanks wers spieading faster
thsn suppression forees could cope with them.”

*IR intelligence wmblé for determining hot apots on edge
of line for concentrating manpower and equirment, particularly on
the day shift. |

A
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:Iiro) Several problems are apperent from the dmagery: |

" ;n Thn bauck lines acroos the film.occur on both inagea at i

_mlmphmudmmmbyﬁmomndetmlzo‘ﬁom

orm(mmtopascss). Hmmmmmnmnm
120% ﬁ.cld orviwandthe nmmnd.uing

2. Accurate adjnntmnt of V/H 1s dirricu:x.,mar wild, unknown
terrain (note the compression of the river in the Polarold image).

3. Occassionally, fire images have fusgy or poorly defined
boundariea (the left side of ths fire near the center). The
reason for the fuszy perimeters has not been aa_:plainod. Poasu.bh
reasons are {lames over the adjacent terrain, hot gases or particles
shoad of the fire, or heating of the materials ahead of the hot

area. ;

Figure 26.—~—Composite photograph comparing 70 mm. and Polaroid fire
imagery.

Pigure 27.~~Polarvid pictures of sequential imagery of the total

fire shown in figure 2g.
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shown in figure 26.
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The 1966 operational testing brought out changes that should
be made to the system:

1. The high-wltage power supply in the viewer failed twice
and was replaced by & heavy suxiliary power supply. A new power
supply for high altitude operation is recommended to reduce weight
and ripple.

2. The focus woltage for the viswer GRT is inadequate for
a sharp elsotronlc focus. A new power supply is required.

3. Tha frams counter in the camera slating unit counts
each vertical sweep of the viewer, Sequential mumbering of the
Polaroid prints could be olbtained if the counter were connected

in series with the shutter-flash switch.

4. The d.c. restoration should be corrected to eliminate
the shift in film intensity caused by fires outside the 120°
field of view. Increasing the scanner desd time, reducing the
d.¢. restoration clamp tire, or vignetting the recsiving aperature
are possible solutions.

5. The anplifiers in the viewer and remitor are a.c. coupled
without d.c. restoration and are soverely upset by large sigrals.
D.¢c. restoration should be includsd in all a.c.-coupled video
auplifiers. '

6. Film striations on much of the imagery make interpretatiocn

isgosgible. A better 7O ., film drive ls required.
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' acres (Class D and lu'gcr) could erfeetivs]y use infrared fire

mppint Bymrm,ummmmsum(us. Forest

Service Regions 8 and 9), where fuel types and weather conditions

a.remt.uh&mrshw myralttheawraga fire would not nesd
IR ﬁnmppugmuit reachedBOOama(chssEorhrger).

We analysed fire statistics gathered by the U.S. Forest Service
{USFS Forn 5100-29) to determine the expected annual workload
for an infrered fire mapping unit. Since these dats had already
besn prepunched on IBH cards it was a rather simple matter to
examine all fires in the NHational Forests through the 20-year
period from 194k to 1963. Figure 28 indicates the nwwer of fires
per year that would have required infrared fire mapping. On the
average, 15é fires per year is a normal expected load.

Filgure 23.——1.&1*33 fire ocourrence 1944-1963, U.3. Forest Service
Eegions 1 through 9.
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1 Westorn National Porest peak flre seasons extend from May 15
to Septesber 30 with overlap between geogrephic regions. By contrast,
thepukmrormtemn/tﬂatioml%mu occur in early

-]

3
4
13/ U.S. Forest Servics Reglon 7 was combined with Region 9
5
in 1965.
6

7 spring and late fall, "Pesk season® was arbitrarily defined as

8 the period when ong or more large fires occurred during 2 given

9 15-day perdod.
10 Data colleated on large fire ocourrence have been swwarized
11 1in Table 4, Appendix V. Occurrence by li~day periods was tabu-
12 lated and the arithmetic average commted to show expected ronthly
13 fire load for western and eastern National Forests (figs. 29 and 30).

H Figure 29.~-large fire occurrence, U.5. Forest Service Regions 1
" through 6.

o Figure 30.~large fire occurrence, U.3. Forest Service Regions 8
17 and 9.

18

19 The muber of days when one or more large fires ocourred was

20 determined from the monthly fire load data. Figure 31 shows
21 distribution cof large fire occurrence days within peak fire scascons.

22

Figure 31.~Average nuzber of days per year on which large wild-
23

fires have occurred, 1944~1963.

24
25
26 =56~
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2

3

4

5

i Davs Aeres
" ng 0 100 114 620
. 8.6 5B 50 120
'9 g gy gt 55 0
10 R L SRR VR G
" 57 s0.0 5.8 %O u7%0
- g 101 189 260
n K 2.6 6.5 17 2,500
e 17.1 2.8 Y T 550
15 9 5.3 2.1 11 1,060
16

17 4/ For fires 100 acres and larger in Reglons 1 through 6;
18 300 acres and largar in RBegions 7 through 9.

19 . .

20 The data sumcarined in this section should provide the necea~

21 sary information to determine the muber of infrared scarmers
22 required to meet the U.S. Foresi Service anmual expected fire
23 load. Since the actual mumber of units required will depend
24 strongly on operational procedures, we felt it was beyond the
25 scope of this report to reconmend the rmobsr of units to be sc~

26 quired.
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‘An infraved ‘Scarner ‘vpersted by U.S, Forest Service persormel
wi1df1Fé8 provided {riforditfon about ths location and extent of
the fi¥e pofimeter, the existercé and location of spot fires outside
the mein fire périmstér; and the relitive intensity along varicus
portions of the fire front: “During the sopup and final oontrol

9 operatione it proved to be &n axtremely valmable tool for locating
10 the Mngéring hot spotsd:” Infrared intelligence enadbled fire dontrol
11 ofricers to meke more effective use of the suppression foreces awailable.
12 = During the 1984 Mre sesmon, 800 pleces of fire imegery were
13 produced on 23 wild and 15 prescribed fires ranging in sise from
14 30 acres to 215,000 acres. Many of them were obscured by dense
15 smpke palls. In no case was there any degradation of image quality
16 caused by smoke.

17 In 1966, a prototype infrared scammer employing a liquid
18 nitrogen cooled InSb detsctor, an internal 70 rm. crater lamp
19 recorder, and an externsl cathode ray tube recorder squipped
20 with g dual Polaroid camera, was evalusted and found to be satis-
21 factory for performing operational fire mapping missions.

22
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26 -58-
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1 On the average, there are 156 fires per year large enough
2 to roqpirc lntrarud lurvuillanco Firo occurrance tbllouu
3 aumlmmmm«mmhrmmmofwmq
4 %o anuthnr Ib uhhnan ho pola&b@. taﬂot!bdctvnly'uuu infrared
5 equipment ny'nhtfting aeannars t!am.cn. geographic location to
6 mtmumﬁnmnpmwm
7 ﬁnremmofﬁmwntmlcfﬁomwinmmm
8 MMMMW&:WW Inalmsbmwca.se,intm-
9 mdmumg@mumthedednommdemdumltedMa
10 reduction in fire suppression ‘eosts. Ko quantitative cost analysis
11 of infreved fire mapping was made wntdl such a etudy is dons, no
12 meaningfal cost effectivensss predictions aie possible. BREERI
13
14
15
16
17
18
19
20
21
22
23
24
25
26 -59~-
Form

INT 1600-12 (9/66)

PIAG M2 5 R Rl AT



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Form

FOREST smmm . U. s. mpmm 01' AGRIC!H.TURE o
? ot Forent demga mpem Station |
soted froe Jorthern Forest Tire-Labowatery: SRR TR L
Missoula, Montana
: e G ST A FLE NS  LOUR Vol SN S0 SO S R D S - 5
Jasuary 29, 196

- An -sxperimental progrsm has been conducted by the U.3.:Forest
Service in ecoperstion with the Office of Civil-Defense-to determine
whather airborne infrared:line scarmers can provide surveillance
information on fires of 1/10 acre to several thousand acres in size
when smoke or darkness prohibits the collection of this information
by other megns. After 2 years of flight tests with a modified military
scanner, results indicate the desirability of developing a prototype
scanner specifically designed to meet the requirements of forest
fire and civil defense applications. This specification outlines
the general requirements for a prototype fire mapping scamner to
be installed and operated in a light twirn-engine aircraft.
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Pl OPRRATEGM: <~ 1
The ‘squifient ¢hall be designed to be operated by persomnel
with no'prévidusiadbstronts-training. Equirment operatérs will be
selectid  fivaiTerestiy and elvilla dofenss pérsonnel with at:least
Eihigh schiov]l-eiuition and abbve’ iverage alerthsss and dexterity.
°. 3t¥he equipksnt ¥ill be operatdd in 1ight: twin-engine aircraft
at altitudes from 2;000 feet to 15;000 feet sbove terrain and at

air spésds fiom 100'knots to-180 kmots. Under these conditions
the eguipment sust BHe capsble of producing high quality imagery
of teitddr; fire Perimster, and éusll spot fires, with sufficient
detail so that’i:skilled infrared immgery interpreter canprecisely
deterrdne the lomition of thé-Tire perimeter'idth respect to ter-
¥idn ahd manvoideifeatirres such as roads, bulldozer eonstructed

. The output of the scarmer shall be displayed on a B-scan
monitor suitable for asaisting the pilot in positionming the aireraft
over the fire-area. The scinner mmst be capeble of recording ter-
rain detail along the perimeter of axtremely hot fires.

INT 1600-12 (9/66)
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- ARKRINE:xesolutionrreOptical aystem: resolution shall be.as: . .

high as is obtainable with state-of-the~art equipment. A l-milli~
radian system resolution capability ies desireble., A 2-millirgdian
syatem resolution capability is the ainimum scoepteble. .- -

. Temperature resolutlon.~-2° ¢, maxizum in the spectral region
fxom L5300 3o5 MhoOrOmS.. - . sios s e nf e

- Y/Hew0.13 por second maxisum. . AT

. Drpanis range.—Dynaxic range shall be adequatc $o bandle

the signal .fyom hot fire targets without.incurring saturation
vhile the system gain is set. for terrain mepping. Previocus e~
perinents have shown that a logaritimic attemuator with s 3-decade
rangs is adequate for this functiocm.

Disnlay.——~An A-scan monitor shall be provided to assist the
operator in determining oversll system performance.

A B-scan monitor shall be provided with provision for either
60° or 120° display angle.

Becordlng.—A Polaroid camera shall be provided to photograrh
the B-scan monitor. Any altemate proposal whereby processed
positive imagery can be made avallable raplidly will be considered.

Erovision for extemal recoriing.--Suitable comectors shall
be installed to supply video, synec, ani V/H signals to auxiliary
recording and telemetering equipment.

~62-

INT 1600-12-(9/66)




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26

Form

pinty 28 V. die., 30 amp. maximem, 0 ®Y
Jt (<-Size &fid Weipht shall b conslstent with < -
M‘mdﬁiﬁh&c&pﬁiﬁﬁn for a pilot and two scanner operstors.

et

L1 A é system §hall be designed to permit instal-
lation in a light twin-engine aircraft such as an Aero Commander,
Cessna 310, Besechoreft 0-50, etc., with a minimam amount of structural
modification to the aircraft., Once the initial modification has
beon made, installation or remowal of the equipment shall not require
more than two men or more than 30 minutes' time.

Detector cooling.~~The use of liquid gas for detector cooling
is undesirable because of loglastic difficulties. The elimination
of the necessity for detector cooling would be the most desirable
approachs howaver, since at present this doss not appear feasible,
the use of closed cycle coolsrs should be considered and the cost
and complexity weighed egainst the undesirable charscteristics of
liquefied gagys: -

Maintepance .~~The equipment will be maintained by forestry
and civilian defense persormel skilled in noreal electronic equip-
ment maintenance. hherever rossidble, modular construction shall be
employed to permit in-field servicing by replacement. Solld state
devices shall be used in place of wvacuum tubes wherever system

performance will not be jJeopardized.

~63~
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1 The equipment shall be designed to completely eliminate any

2 need for precise optical adjustments in the field. In no case shall
3 any specialiged optlical equipment be required for the maintenance

4 of this device.

ion.—~This prototype scarmer shall be designed

6 to be compatible with produgtion methods so that coste can be

7 minimized in production quantities. ‘
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APPRNDIX I

2 ﬁLﬁng.x: SLﬁLJiJ[
RIITED STATES GOVERNMENT Department of Agriculture-Forest Service

SMENORARDUMNM Washington, D.C. 20250

4 10 1 Jack Barrows, Director Mile No.: 4400 (5100)
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Division of Forest Fire Research

FROM : Merle 3. Lowden, Director Datet December 1, 1965
Division of Fire Control .

SUBJECT: Forest Fire Research (Infrared Mapping) Your reference:

As was suggested at ouwr Hovember 10 meeting, use of infrared imagery to
map forest fires is at a stage of development whers we should identify
more speci the information these techniques can record and
furnish to the fire boas.

Infrared imagery providss the fire boss with a new tool to accurately

pap the fire edge under adverse conditions of smoke, smog, and darkness.
This is progress, but knowledge of fire edge location alone is not
adequate for effective fire control decision making. Effective

dscisions are also based on information concerming the dynamic
characteristics of the fire parimeter and its relation to fuels, weather,
topography, and values threatened. Thms, the wission of infrared fire
mapping should be to furnish the above information, except weather, in
sufficient detail to allow the fire boss to make informed decisions to
control the fire. It will be necesasary to capture this information wore
frequently, efficiently ani economically than has been possible previously.
In determining the degree of Jetail required of infrared imagery we must
emphasigse that under adverss conditions of sroke, amog, or darkness,
infrared mapping presents the only obvious altermative means of gathering
intelligence to laborious ground recormaissance. The first and foremost
requirement is a picture of the fire edige tied exactly to ground features,
Ridge tora, valley bottoms, streams and prominent points should be
dscernible in sufficlent .stall to Jetermine the precise location of
fire edge, hot spots, spot fires, fuel type changes, ani fuel breaks.

In adiition, the following degree of detail in infrared imagery is
required for fire suppression decision-making when accompanied by maps
showing topography, fuels, ani physical features.

Fire Edve Characteristics — The following must be -iscernible:
l. The entire fire eige incluiing anol:iering adge, and flaming fronts.
2. Fire intensity and rates of spread on various sections of the fire.

3. Except under closei forest canopies, all constructed lines and
natural broaks.

65~
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1 4. Spot fires outside the fire sdge from smoldering to full flaming
spot fires.

5. Sno and lceation ot spnt fiNl
of ] : 2 ~mrono~ing-hou1db¢dimmiblu

1. Suags and kot spots burning inside the Fire but within 300 fest of the
5 - phreadge. . 1€ is:desirable bub not necesemry to distinguish between
ana.gamdhdhapots.

2 ”llnhumd patchea or mel or more t.han 5 acroa 1n siso within the fire.

3. Hajor fuel type changea for a distance of one or more milea outsicte
8 '+ the edge of the fire, i.s.} Changes between grass and brushj timber
and brush; conifer and !mrdnood.; blowdown and standing tirzber; water
9 and landj roocks and tizber; rural and urban.

10 4. Fire breaks outside the eige of the fire, e.g., country roads, highways,

1 streams not hidden by forest canopy, and prepared fire breaks.

12 =

1. Structural improvementa such as residences, bridges, factories, schools,
13 and urban coumamities should be discernible.

14 5ome of the foregoing details may seem -lemanding for existing or con-
templated infrarei mapoing capability. Since these are the intelligence

15 requirements for aceeptable fire control, the oblectiwve should be to
et thess Jlemands as nearly as possible. Moreover, the canability to

16 gather fire information in a single integrated reconnaissance operation
would enhance fire control during a muclear attack, especially in areas

17 where detaile: maps are unavailable.

18 /8/ Merle S. Lowden
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1 APPRNDIX III
2 DISTORTION

3 Fariliarity with the geometric distortions emcountered in

4 line scanning is easential to successful image interpretation.

5 The spectral sensitivity of the 1line scanner is detemined by the
6 detector and the filter employed, but the geometric distortions

7 are inherent in the scarnner design and independent of the spectral
8 region selected.
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Glow Tube Printer

Figure 32 is a schematic drawing of a line scanner employing
a glow tube printer. A suitable detector is placed at the focal
point of a persebolic mirror. The scanning function is provided
by a flat mirror rotating at relatively high speed. A pair of
microscope objectives are directly couplsd to the scamning mirrer
shaft and oriented so that their axes are parallel to the path
of the principle rays striking the scanning mirror. Energy from
the terrain being scanned strikes ths detector, producing an elec-
trical signal whose amplitude is proportional to the intensity of
the incident energy. This signal is amplified and modulates the
intensity of a glow tubs with output in the visible spectrum. The
light from the glow tube is deflected by a mirror, passed through
the ricroscope objective, and focused on panchromatic film. The
direct coupling of the secanning mirror and the microscope cblectives
insures a direct correlation between the position of the focused
spot on the film and the point on the ground producing the radiation
incident on the detector. As the mirror rotates, a line is scanned
across the ground perpendicular to the alrcraft flight path and
a corresponding line is printed on the film by the microscope
objective. The angular coverage displayed on the image is fixed
by the gecuwetry of the printer and the width of the film.

Figure 32.~~5chezatlc of a line scanner employing & glow tube

printer,
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If the film is pulled past the wleroscops chjective, an image
of the terrain will be formed. When the file velocity is directly
proportional 4o-1ts height above ground; the image will have
proper asfect ‘retio. The posdiion of the spot across the Mfimr
is dimtly proport.ion&l to t.he ;nglc betuuem the acum.’mg m:lmr
and the na_dizj, The position a.long the film is proportioral to
trus ground dutmm abng the flight path.

Fote that the position across the f£ilm is proportional to
the film is proportional to true ground distance. The result is
an image with & distortion similar to that encourtered in normal
photograply in ome direction, but with no distortion in the other
direction. ' '

To cospensate for alroraft roll, & roll-stabllised recording
magasine is employed, As the airoraft rolls, the recording ragazine
is held level and the angular correspondance detween scanning
mirror position end the nadir is mainteined on the recording.

The zlow tube printer has the advantage of simplicity and
positive synchronization between the scarmer and the printer. It
has the disadvantage of being extremely difficult to rectilinearize.
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1 Gathode Ray Tube Printer

2 The second method of recording line scan imagery employs a

3 cathods ray tube printer (fig. 33). The drive motor, scanning

4 udrror, parabolic mirror, detector, video amplifier, and gyro

5 stabllizer are identlcal to those used with the glow tube printer.

Figure 33.—~Schematic of a line scanner exploying:a cathode ray
tube printer.

9 An electron beam is swept across the face of a cathode rgy
10 tube. HMagnetic pickups attached to the mirror synchronize the

11 atart of the swesp with the scanning mirror. The sweep duration
12 is wmade equal to the time required for the scarming mirror to

13 rotate through the deeired display angle. The cathode ray tube's
14 Ainternsity 1s modulated by the anplified detector signal and the
15 trace is imaged on the fila. As in the case of the glow tube printer,
16 the film is pulled past the scan line. Roll stabilization is

17 achleved by varying the time at which the scan starts rather than
18 by gyro stabilizing the recording magazine.
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1f the electron beam is awept across the cathode rey tube in
a2 linear manner, the spot position on the film correlates directly
with the angle between the scaming mirror and the nadir, and the
sare angular distortion is present as in the case of the glow tube
printer. However, if the sweep is mads nonlinear (rectilinearized)
and, wmore specifically, if the sweep wave form is the tangent of
the scan angle, then the position of the spot on the film will
corregpond to true ground position rather than to the scan angle.
A true planimetric presentation is obtained.

The diaq.dmnt.a.gon of the cathode ray tube printer are nmmerous
and will be discussed in detall later in this section.

Besolution

Regardless of which printing method is employed, the minlmu:
resoclveble spot size directly under the aircraft is determined by
ths focal length of the parabola, the size of the detector, the
minimus spot size obtainebls in the printer, and the height of the
alrcraft above the gmzma)—‘t/ The maxiraws prectically obtainable

14/ Assuming the quality of the parabola and the flat mirrors
is sufficlent te insure a blur circle nmch ssaller than size of

the detector.

resolution is an order of magnitude roorer than conventional 1315,84,0

aerial rhotography.

-7
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The siss of the odnimmn resclvable slements at positions
other than the nadir can be calculated as follows:
P=g h sec?

and

F = 1 h seql? (rig. 34).

Figure 34 .~-Aireraft scanning gecmetry.

It is common practice to ocorrect the imasgery for roll, but
no correction is usually employed for pitch or yaw. If there is
cross wind at the time the lmagery ls made, the aircraft heading
and alrceraft track will not coincide. Because of this, all points
axcept thoss at the nadir will be skewed in the direction of the
atrcraft crab (fig. 35). Any twrns of the aireraft during the
imagery ran will cause straight roais parallel to the flight track
to appear curved (fig. 36).

Figure 35.—This rectilinearized image shows the effoct of aircraft
crab, Hote that the rcads eressing the flight rath do not form
right angles with the rvad drectly under the flight path.

Figure 36..~This run was nade in the opposite direction to figure
35. HKotice that the roads asre sikewed in the opposits direction.
Hote the apparent curvature in the road st the left alde of the

image. This was prodaced by turning the aircraft during the run.

—————

Form
INT 1600212 (9/66)



Figure 3L.--Aircraft scanning geometry.
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Figure 35_‘5»2{?113 rectilinearized image shows the effect of aircraft crab.
Note that the roads crossing the flight path do not form right angles
with the road directly under the flight path.

Figure 36, . .This run was made in the opposite direction to fipure35. ~Notice
the roads are skewed in the opposite direction. Note the apparent
curvature in the road at the left side of the image. This was produced
by turning the aircraft during the run.
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In practice, it is extremely difficult to determine true
alrcraft ground speed and true height above terrain. 3ince these
are not generally inown sccurately, the film welocity in most
cases will not be correct, and the scale along the flight path
will be different frowm the scale across the flight path.

If the imagery is made without rectilinearization, the
aspect ratio will be correct at the nadir or at two points
equidistant from the nadir. 3ince the scale along the flight path
is directly proportional to tre ground distance, and the scale
across the imagery is proportional to angle, it is impossible to
maintain true aspect ratio throughout the entire image. A com~
promise is necessary and is usually made by selecting the film
velocity a0 that true aspect ratio is maintained at either 30°
or 45 from the nadir. This compromise results in rdniramm dis~-
tortion over the largest portion of the image. If this aspect
ratio distortion is ignored while attempting to perform even simple
ingge interpretation, serious errors can result. A straight road
crossing the flight path at an oblique angle will appear to be
3-shaped (fig. 37).

21

22

Figure 37.-~Infrared image showing distortion features,
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The cathode ray tube printer can be rectilineariszed quite
easily, but it has several serious disadvantages. It is inherently
moTe complax, but much more important {rom the lmagery interpretert's
standpoint are distortions that often result from electronic ecircuit
drifts.

The angular coverage recorded on the image is determined by
the angular velocity of the scgnning mirror and the time duration
of the swesp wave form used to deflect the cathode ray tube electron
beam. It 1s a simple matter to change tho time duration of the
sweep to provide any desired angular coverage. This is worthwhile
for providing versatility, but any drift in the electronies can
easily result in an unintenticnal change in coverage angle. If
careful checks are not made prior to imege interpretation, these

4rifts could result in serious errors.

7 R
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The ability to rectilinearize the imagery by deweloping a
tangent sweep wave form 1s an asset of the cathode ray tube printer.
But, again, the possibllity of electronic circuit drifts may result
in a sweep wave form that does not accurately focllow the tangent
curve, and an unprediotable distortion may result. The tangent
wave form required to rectilinearize the imagery results in nonlinear
veloclity of the electron beam across the face of the cathode ray
tube. This nonlinear velocity produces a nonuniformity in bright-
ness across the scan line. In order to produce usable imagery it
is necessary to correct for this change in brightness. If this
correction is exactly made, no problem arises. Again, if electronic
circuit drifts ocour, this correction may be improper and serious
shifts in tone across the imagery may result.

SUMMARY

Once we realize the nunber of ways in which angular and tonal
Jistortions can be introduced inte line scar imagery, we may wonder
whether a device with sc many problems can produce any usable
results.

line scan technology wlll some day advance enough to produce
truly stable equipment. In the meantime, we wmay use the wealth
of information that line scanners can provide, but with care.

Always check the imagery against conventional photography so
you know what ddstortion is present. Transfer points of intereat

from inagery to aerial photos before msking measurerents.
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APPERDIX IV
VIDEO ELECTRONICS FOR FIRE MAPPERS

The electronics in most thermal scanners are inadequate for
mapping large forest fires, 3ignal processing that causes over-
shooct, ringing, and signal level shift can ald in identifying low
energy targets. Ths same signal procesaing used with high energy
targets, such as forest fires, will cause partial or cormplete
loss of terrain detail near hot spots. Forest fire mapping requires
glectronic processing of variable amplitude and width signals
without less of adjacent terraln detall. Amplifiers must have
fast recovery, minimize overshoot, and retaln the original terrain

background reference level.

-7~
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All thermal imaging systems require signal amplification (or
gain) to record smsll detected signals. Direct-coupled amplifiers
are desirable for this application. But high-gain, direct-coupled
amplifiers are inherently unatable and drift severely with tempers~
ture. The drift can be reduced by a.c. coupling, but a.c. coupling
destroys the terrain reference reguired for fire mapping.

The problems with a.c. coupling can be investigated by studying
the effects of terrain and fire signals (fig. 40) on the electronic
transfer characteristic of an amplifier. A simplified a.c.-coupled
armplifier with a synchronous clamp switch is shown in figure 38,

The shape of the transfer characteristic (fig. 39) is very important
to the results printed on film. Asswwe a transfer curve with a

linear portion, as shown in figure 40.

Figure 38.—A.c.~coupled auplifier.

Figare 39.—Typical amplifier transfer curve.

Figure 40.—~Typlcal detector signals: A, sSimmlated terrain signalj;
B, with soall pulsey L, with larger signalj and D, with very

large signal.
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Figure 38.--A.c.~coupled amplifier.
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B, with small pulse; C, with larger signal; and D, w1th very
large signal.

Figure 40.--Typical detector signals: A
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1 The typical input signal contains a series of maxima and

2 Linime corresponding to hot (maxima) and cold (minima) terrain

3 temperatures (fig. 4CA). Figures LOB through D show signals cor-
4 responding to fires of various energies and sizes superimposed on
5 the terrain signals. Applying the signals from figure 4O tc a

6 capacitor removes tha d.c. reference level. Terrain asignals that
were used to establish filis gray scales are forced below the
reference level by an amount equal to one-half the ares under

° the fire signal (fig. 41). As the fire signal changes in height

10 and width, the area under the curve changes and the reference

1 level is displaced up or down accordingly. The result is a con-

12 finuing change in gray scales for the duration of the large signals.
13

14 Figure 41.—Typical signel after a.c. coupling: A, Simmlated terrain
15 signal; B, no reference change with small pulsej; ¢ and D, terrain
16 base lins shifts from reference level as the signal area changes,
1 Returning to the transfer characteristics, figure 39, we see

18 the linear region becomes the “lincar dynamic range® of the ampli-
19 fier. The total dynamdc range, or the information available for

20 printing on film, i1s the distsonce betwsen the ordinates of the

21 curve at cutoeff and saturation.

22

23
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26 7o
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Fire signals have a positive polarity with reference to
terrain signals. The linear dynamic range of the amplifier can
best be used by setting the bias point (Q-point) near cutoff
(allowing for background fluctuations and temperature Jrift).
Figure L% shows a Jow amplitude background signal amplified on
the lincar portion of a tranafer curve. The aversge value of the
input signal is zoro and the signal is amplified around the reference
(or bias) point. Figure 42B shows a very nerrow, high amplitude
pulse on the terrain background signal. The area under the pulse
is small and Jdoes not change the reference level. Figures 42C
through E show changes in background lewel produced by various
palss widths and heights. As the area under ths pulse 18 increased,
the terrain signal reference is forced toward cutoff. Further
irncrease in the pulse area causes the galn to reduce and presents
a graying (reiuced contrast) effect on the film. If the area is
increased sufficiently to force the level beyond cutoff, the back-
ground signal will be completely lost. 3ignals from forest fires

excead the cutoff limits.

Figure L2.~~Effects of a.c. coupling on the transfer curve of
a typiecal acplifier: A, Terrain signaly B, large, narrow target}
G, low, wiie target; D, high, wide target; &, low, very wide

targety and F, target with d.c. resteration.
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when the signal amplitude exceeds the transfer characteristic

-
[u—

. 2 gaturation point, further increass in the input signal will not
. 3 change the output signal. The signsl is sald to be clipped or
g *  limited; hence, a voltage clipping cirewit. The solution to loss
> of d.c. reference seems simple—clamp the terrain signals to a
l 6 given reference and allow the large signals to be clipped (fig. 42F).
_ 7 With an ideal restoration eircuit, the reference level can be clampsd
l 8 and gaintained for any fire signal. In the real world the restoration
] 9 circuit becomes complicated. Signal amplitudes must be large
10 enough to clamp before a.c. coupling can be used.
l 11 Restoration is secomplished by closing the synchronous clamp
12 switch (fig. 38) and shorting the reference point to ground.
l 13 (another point, other than ground, way be selected by setting Iy
14 ¢ some reference level deter:ined by the circult requirements.)
l 15  The seleetion of the reference tine crestes problems; fortunately,
l 16 1n most scanning systems there is a "uead" time when the detector
17 ani optics are looking at the inside of the scanner. The scamner
l 18  temperature is relatively stable and forms a reascnable reference.
19 To insure restoration during the ieai time, the switch must be
l 20 synchropously timed to the optics rotation. A synchronous gate
I 21 gignal is used to clese the switch Juring a portion of the dead
22 tiue ; Adischarging the capacitor to ground and foreing each scan
l 23 (horizontal sweep) to start from the same reference. The portion
24 5r the dead tive selected must be void of ary exterral or varying
I 25 signals or the clasp reference will be .estroyed.
26 -8~
l
Form -
INT 1600-12 (9/66)
I




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Form

Adequate low frequency responsse 1s required or overshoot will
pecome a problem. Figure 43 shows the sffect of insufficient low
frequency response as the tilt on the top of the wave. The area
Ay, enclosed between the input signal and the tilted wave shape,
rust equal the area Aj. A, 1s overshoot and will return 63 percent
of the distance toward gero in one time constant.

- = 1/2 Tty
where " = one time constant

f; = low frequency bandwldth.

The area "‘2 is more noticeable on imagery than Aj. It appears as
a dark area adjacent to hot fire targets and slowly recovers to
the brightness of the original terrain features. If the fire area
is large, themaAzwillbehrgeandmaydestmyallofthe
terrain features on the triling edge of the fire. Pigure 16

shows the results of insufficlent low frequency response.

Figure 43.~—~Effect of insufficient low frequency response; A,

input} and B, output.
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and B, output.
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Rapid recovery of the system after hot targets occur is
required. An under-damped system cauaing ringing (fig. 44) will
appear on the irmagery as ailternate black and white areas following
the target as each mexima and minima occur. Any high amplitude
target or pulse can cause ringing. Ringing is often used to identify
amall hot targets by multiple spots following the real target,
but destroys adjacent terrain detail. It should not be used for
fire mapping systens where terrain information is important.

Ringing c¢can be eliminated by adequately dauping oscillatory components.

- ——. . a——

Flgure 4Li.-~Ringingt A, Input; and B, output.

3low recovery occurs when the gystem 1s severely over-damped.
The target is elongated (fig. L5), andi the adjacent area to the
fire will appear the sase coler as the fire. The fire edge will

not be discernible.

Figure L5.—Target elongation: A, Input; and B, output.
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Table 4.——Summary of fire occurrence 1944-63, Forest Service Regions 1—91/

APPENDIX V

Total numnber :

Year Regions :

1 2 3 L5 6. 7 8 9 fires
o4, 20 8 10 L9 78 2677 3 35 9 238
1945 32© 3 13 2 T 3% 0 3 9 | 217
1946 13 3 29 27 43 16 1 22 16 170
1947 8 7 16 5 70 11 2 271 4 195
1948 19 19 35 3 3 1 18 9 133
1949 w9 7 28 7T 30 0 15 7 181
1950 6 12 38 1, 81 12 1 ‘20 2 186
1951 5 8 20 17 78 29 0 ‘20 3 | 180
1952 510 3 11 33 21 25 31 13 152
1953 20 5 25 18 53 3 12 18 6 160
1954 2 7 17 13 45 3 2 20 5 114
1955 5 10 16 8 4 7 0o u 1 106
1956 5 11 53 24, 28 2 § 9 5 137
1957 5. 0 7 1% 35 4L 0 4 1 . 72,
1958 3 1 4 27 22 19 0 5 2 102
1959 10 4 15 31 59 2 o 7 2 150
1960 22 22 21 A5 51 s, 0 13 1 229
1961 29 3 22 37 42 33 0 2 2 170
1962 3 12 12 20 31 13 0 5 6 102
1963 6 17 15 17 25 13 5 26 3 127

1/ For fires 100
For fires 300

acres and larger, Regions 1-6.
acres and larger, Regions 7-9.
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APPESTTX

Table Sev10ga ginfrared ixs

Tire Inftial

Kume of fire State Datos IR uais charsoteristic Tuol fypo Fire cize Ruzbdos sorties getawey

of fire on firse on errival When oalled rinal Fer Por Tuns Tay Liiédt tize
day misgion jer '

Days dores Aversge ¥inutes
Parsuip Hontana 7/15-14 2 Running, Lodgepols drowdown 120 10 2 3 1 2 1 4
Candle l!autnin‘y ontana 7/23-24 2 Oreeping Lodgepole 10 1n 2 S 12 ’ —)! 1 20
Crazy crookl/ - ¥ontana ?/27 1 Running ¢ Sudalpine -~ -] 15 3 3 7 H ] 53
Willow Troe Washington 8/9 1 Creeping Sagodrush : 1,500 £,370 2 2 10 2 ] 75
Crad Troe California 6/10-12 -2 Spotting Brush & timder 1,500 2,360 2.8 8 8.8 2 3 105
Switchback Oregon 8/13 1 Creeping Greas & sagsbrush 50 50 1 1 9 b3 [} 20
Big Creok Novada 8/16 1 Croeping Segsbrush & grass 5,%0 6,000 2 2 4.5 2 o 103
Xoas Canyon Rovada 8/17-19 N Running CGraes & sagedrush X0 10,330 1.7 .8 2.2 4 b 20
maor-mu Novoda 8/19 /3 Creeping Ornss 215,000 213,000 ) 1 7 1 0 ‘15
Sumit California 8/26-28 2 Running Oex & brush 2,000 20,000 2 2z 11.5 2 4 20
Froach Culech California 9/17 /s Running Bruoh 2 10 b3 1 5 1 ] 40
Yr’.cuy California 9/18 1 Panning Crass & brush 20 300 s 3 1.3 1 e (10
Nuns Cenyon California 9/19 1 Running Oak & druoh 800 3,000 3 3 8 2 b3 : 60
11l Creek California 9/23 1 Creeping dax & bruah 250 00 2 2 14 2 ] 10
Coyote Cnleomia 9/24-28 4 Running & -pottin;. Cheparral 25,000 67,000 2.8 10 2.9 O ] 20
Tr.wcod £alifornia 20/20 U3 Tezning Crass & tizder 700 £02 1 1 < 1 ] 80
Total - . 23 233,460 327,716 AN.7 Bl.8  143.2 33 15 210

Average " 1.44 Pucning--50% 13,841 20,82 2.0 3.2 9.1 2.1 1 et

Creoping~-37.5%
Gther—12,%%
2/ THoalquariers were mot located on rosds. .
2/ Does not apply
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Avorege Average Lrorage Use of Distancets Avoreso All rapping
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