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PREFACE 
(Unclassified) 

During November 1962 USA CRREL and the University of Michigan 
(under contract DA-2 7 -021-ENG-9) conducted field work in Puerto Rico 
to determine the capability of detecting small heat sources obscured by 
a tropical rain forest. 

This research was supported by the Advanced Research Projects 
Agency under ARPA order 351-62 Amendment No. l. 

This report was prepared by the Photographic Interpretation Re
search Division of USA CRREL and the Infrared Laboratory, Institute of 
Science and Technology, University of Michigan. The field work and the 
report preparation were conducted under the supervision of R. E. Frost, 
Chief, Photographic Interpretation Research Division. 

This report has been reviewed and approved for publication by the 
Commander, U. S. Army Materiel Command. 

~~ 
Colonel, Q:V'~....,....,~ ... -. 
Commanding 
USA CRREL 
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SUMMARY 
( 6 61£11 J tiii.l) 

This study was conducted in Puerto Rico during November 19 62 to 
determine the detectability of heat sources of the type associated with 
guerilla activity in Vietnam. USA CRREL was assisted by the University 
of Michigan {under USA CRREL Contract DA 27-021-ENG-9}. Previous 
experience indicated that while many targets such as personnel, shelters, 

·weapons caches, vehicles, etc., would have an extremely low probability 
of detection in a tropical rain forest, intense heat sources such as cooking 
and warming fires might be more readily detected. Implementation of the 
heat source detection program was ba-sed as closely as possible on the 
description of guerilla activities and environmental factors relayed by 
ARPA personnel. 

Two infrared scanners, one airborne radiometer, and a K-17 camera 
were used to obtain aerial imagery. All were carried in a Navy EC-47J 
(R4D} aircraft operated by the Infrared Laboratory, Institute of Science and 
Technology, University of Michigan. The infrared scanners used were the 
University of Michigan M-1 scanner and a modified AN I AAD- 2 scanner. 
The detectors used with the scanners were an indium antimonide detector, 
filtered and unfiltered, and a copper doped germanium detector filtered for 
acceptance of wavelengths between 8 and 14 1-L· ,The spectral band choice 
was based on a study of blackbody radiation curves which indicated the 
optimum spectral region for detection to be between 4. 5 and 5. 5 1-L· 

The targets were charcoal fires in galvanized pails ( 14-in. diam and 
8. 5-in. high}; the pails were placed on the ground at selected sites under 
a variety of canopy cover. The targets in flight line 1 were located under 
a high, dense canopy, and the targets on flight line 2 were under a low
lying, dense canopy. A variety of methods were used in an effort to con
ceal some of the Eres. These were not all successful. 

In order for the charcoal fires to be detected with the system used, an 
unobstructed line of sight must exist between the fire and the detecting cell. 
If holes in the canopy are not available, the fires will not be detected. The 
problem of detection is not concerned as much with the total amount of 
openness in the canopy as it is with the distribution of this openness over 
the fire. For equal densities of cover, a high canopy will decrease the 
chances of detection compared to a low-lying cover. 

The use of an infrared thermal scanner to detect small g-round fires 
obscured by a vegetative canopy has been demonstrated to be feasible. The 
filtered indium antimonide cell (4. 5 to 5. 5 1-L bandpass} proved to be the 
best choice in flying over dense canopy as this cell detected 41. 5o/o of all 
fires and 30. 6% of the obscured fires. The signal intensity from many_.of 
the fires was so great that detection could be successful at much higher 
altitudes than the 1000 to 2500 ft used during this study. It is recognized 
that one of the problems to be encountered in field operations is the exact 
location of a detected signal and the speed with which it can be relocated. 

v 
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INFRARED DETECTION OF HEAT SOURCES OBSCURED BY TROPICAL 

RAIN FOREST VEGETATION (U) 

by 

J. N. Rinker with P. L. Johnson and T. C. Vogel 

and 

J. 0. Morgan with D. S. Fisher and D. C. Parker 

l 
INTRODUCTION 
(Confidential) 

The varying. tropical environment of the island of Puerto Rico was studied in 
November 1962 by flying airborne sensor systems (infrared thermal scanners and 
conventional cameras) over selected areas in concurrence with a ground- based 
instrumentation and data-collection program. This project, sponsored by the 
U. S. Army Cold Regions Research and Engineering Laboratory (CRREL) and the 
Advanced Research Projects Agency,~:~ was conducted by personnel from CRREL 
{responsible for site selection, ground instrumentation, data collection and analy
sis) and from the Infrared Laboratory of the Institute of Science and Technology, 
University of Michigant (responsible for flying the EC47J (R4D) aircraft of Project 
Michigan~:~~:~ and for operation of the airborne infrared and photographic systems 
supplied by Project Michigan and USA CRREL). Data reduction and imagery analy
sis was a joint .effort of these two laboratories. 

The objective of the ARPA-sponsored portion of the program was to determine 
the detectability of heat sources of the type associated with guerrilla activity in 
Vietnam. Previous experience indicated that, while many targets such as person
nel, shelters, weapons caches, vehicles, etc., would have an extremely low 
probability of detection in a tropical rain forest, intense heat sources such as 
cooking and warming fires might be more readily detected. Implementation of. the 
heat soarce detection program was based as closely as possible on descriptions of 
guerrilla activities and environmental factors relayed by ARPA personnel stationed 
in the area of conflict.. Part of a letter from T. W. Brundage, Director of the 
Research and Development Field Unit of ARPA, toR. C. Phelps, Assistant Direc
tor, Remote Area Conflict, ARPA, dated 18 September 1962, is quoted below: 

"Under agreements reached on August 11, 1962, Major Akerland 
was to investigate and report upon heat energy sources associated 
with guerrilla activity. This information is required as soon as possi
ble for use in OPERATION TROPICAN,. an effort receiving ARPA 
support under APC no. 563 and Amendment to AO 351-62. 

Discussions with appropriate personnel in Vietnam have resulted 
in the following conclusions: 

a·. Heat source: A heat source that can be associated with most 
guerrilla groups is the cooking stove. This stove is a portable ce
ramic or baked clay device common to the East and frequently called 

~:~ARPA support under APC no. 563 and Amendment. 

t The University of Michigan participated under USA CRREL Contract 
DA-27-021-ENG-9. 

~:~~:~Project MICHIGAN is conducted under Department of the Army Contract 
DA-36-039 SC 78801, administered by the U. S. Army Electronics Command. 

L 
,· ___ . 
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2 INFRARED DETECTION OF HEAT SOURCES IN TROPICAL RAIN FORESTS 

by the Japanese name ''Hibachi. 11 Charcoal is the universal fuel. 
The clay stove is a hollow vertical cylinder 10 to 14 inches high and 
open at the top. A grate on which the charcoal is placed is located 
above an air- port in the side of the cylinder. The food is cooked in 
a round- bottom iron kettle or flat- bottom pan which is placed di
rectly over the open top of the stove. This type stove is large enough 
to cook the food for a squadron (8-12) of men. This heat source will 
be employed in all regions from the delta country to the mountains. 
A second heat source is the small campfire. This fire is found only 
in the mountain regions and is employed during the early evening 
hours for warmth. The fuel is wood, as opposed to charcoal, and 
the fire is laid on the ground. The .fire is carefully tended so as to 
produce the minimum of smoke and remain small (firebed of 12 to 
18 inches in diameter) in order to permit rapid extinction. The 
use of other fuels is extremely unlikely because of logistic problems. 

b. Shelter: Under the majority of conditions the charcoal stove 
will be used outside of huts or lean-to's. Under stable, secure 
military conditions the cooking may be done in a hut or lean-to, par
ticularly in the mountainous region. Campfires will be built outside 
of a hut if a hut exists. 

c. Surrounding environment: Guerrilla activity is not limited 
to tropical rain forests. Consequently the cooking stoves will be 
used in foliage ranging from 4- to 5-foot-high scrub trees and brush 
to dense forests. Any foliage capable of furnishing protection from 
visual observation can constitute surrounding envirorunent. 

d. Time of day of greatest fire activity: In the opinion of per
sonnel queried, the time of greatest cooking activity is a 2 to 3 hour 
period centered around sunset. Campfires generally exist for about 
4 hours starting at sunset. 

e. Additional heat sources: No additional significant heat 
sources are believed to exist. Charcoal is stolen or confiscated by 
guerrilla troops in the delta region. Troops in "safe" areas may 
process charcoal, but this is believed to be unlikely. No armament 
founderies are believed to exist other than individual use of a char
coal stove as a forge. " 

Conditions described in the letter were simulated as closely as possibly by 
CRREL personnel re-sponsible for instrumentation in the test areas. All effort was 
concentrated on determining the detection probability of small fires under conditions 
simulating those encountered in Vietnam. Charcoal was employed in all cases, as 
there was no natural fuel available in the rain forest. Two test sites were instru
mented in the Luquillo division of the Caribbean National Forest, corresponding 
roughly to those described. 
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2 
AIRBORNE INSTRUMENTATION AND DATA RECORDING 

(Confidential} 

2. l (Unclassified) Sensors and aircraft 

Two infrared scanners, one airborne radiometer, and a K-17 aerial camera 
were provided for the Puerto Rican field studies and installed in a Navy EC-4 7J (R4D) 
aircraft on bailment to the University of Michigan. The scanners used were the 
Project Michigan M-1 infrared scanner~:~ and a modified ANIAAD-2f drone scanner. 
The airborne radiometer, a single channel instrument, could be used with either 
cooled or uncooled detectors and with various filter combinations in order to acquire 
quantitative infrared-radiation data. The K-1 7 camera was equipped with an image 
motion-compensation computer. A ground-glass view finder and drift meter were 
also available. 

Figure 1, a view of the cabin interior of the EC-47J, shows two instrumentation 
wells at the bottom of the photograph. The racks forward of the right-hand instru
mentation well contain the electronics necessary for scanner operation and monitoring, 
tape recording, and direct recording and monitoring. The aerial camera is operated 
from the camera station in the right-hand instrumentation well. Figure 2 shows the 
M-1 and ANIAAD-2 scanners, both equippedwith long-wavelength detectors, and a 
P2 camera {lower right). 

The aft compartment in the left-hand instrumentation well has a standard K-1 7 
aerial camera ring mount which was used as an unstabilized mount for the radiometer 
optical head. The instrumehtation housed in this mount can be m:tnually corrected 
for airc-raft drift. The aft compartment of the right-hand well is equipped with a 
special adapter ring for mounting the ground-glass viewer used to measure ground 
speed and drift angle during daytime missions. 

Aerodynamic fairings around the access ports of the instrumentation wells are 
designed to neutralize air pressure across the open ports. This neutralization pre
vents cold air blasts from disrupting the temperature stability of the instruments in 
use and also helps-to stabilize the aircraft 1 s interior temperature. 

The first large rack forward of the right-hand instrumentation well contains equip
ment for operating the M-1 scanner and monitoring and recording the scanner outputs. 
Signals from the AN I AAD-2 scanner can also be monitored and recorded at this posi
tion. All controls for operating the AN I AAD-2 are located on the scanner package, 
and the direct recording camera for this scanner is located within the scanner body. 
A remote control unit is available which makes it possible to operate the ANIAAD-2 
from the scanner console. 

Figure 3 shows the position from which the scanners are operated. At this posi
tion are located the Ampex tape-recording equipment and system-monitoring oscil
loscope. The controls for turning the M-1 scanner on and off and adjusting the scan 
speed are located on a rack below the tape recorder. The oscilloscope is used to 
monitor the performance of the scanners and of the recording equipment. 

Figure 4 shows electronic equipment used to ma.ke a direct film recording of the 
data from either scanner. One oscilloscope displays a calibrated trace of each scan 

~:~The M-1 scanner is a· completely rebuilt ANIAAR-9 (XA-2} scanner. 

t The ANIAAD-2 scanner and the K-17 aerial camera with gyro-stabilized mount 
are on loan to the Infrared Laboratory from USA CRREL. 
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Figure 1. (Unclassified) Cabin interior 
of EC-47J. 

Figure 2. (Unclassified) M-1 scanner, AN/AAD-2 
scanner,and P-2 camera mounted in well. 
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Figure 3. ( Unclassified) Am.pcx 
tape-recording equiprnent and 
system-monitoring oscilloscope. 

Figure 4. (Unclassified) Electronic 
equipn1ent used to rnake direct t:e
cording frmn either scanner on filrn. 

line, and is useful for judging frequency response, setting gain and slope cornpensation 
controls, and assessing signal to noise ratio. The second oscilloscope, with a long
persistence phosphor and sawtooth sweep generator, displays a moving trace which is 
triggered by the scanner-synchronizing signal and intensity-modulated by signals fron1 
the infrared detector, so that the thermal image of terrain and targets is presented in 
real time. On the lower left is a 70-mm recording-- camera with controllable film speed 
and tachometer, which photographs a repetitive intensity-modulated trace from a third 
cathode-ray tube, yielding the final recorded im.age. The speed of film advance is manu
ally synchronized with aircraft ground speed and altitude (V /H) to m.aintain correct 
aspect ratio. 

The C -4 7 flew to Puerto Rico fully equipped, and was based at Roosevelt Roads 
Naval Air Station. Communication between the aircraft and ground teams was main
tained on FM radio frequencies, using the PRC-10 hand-held transceiver on the ground. 
Radio transmission from the forest floor to other points on the ground was usually good, 
while communication with the airplane was variable and frequent! y poor. .· 

All flights over the target area were made under VFR (visual flight rules) condi
tions, but low clouds were nearly always present and frequently too low to permit safe
flying in the area. Acquisition of data from altitudes above 2500 ft was prevented by 
clouds. 

2. 2 (Confidential) M-1 infrared scanner 

The M-1 scanner is a completely rebuilt instrument utilizing an AN/AAR-9, XA-2 
four-sided scanning m.irror, parabolic collecting rnirror, and gyrostabilization system. 
The optical systern is a Newtonian type to perrnit vertical mounting of liquid-cooled 
infrared detectors. 
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Design of the detector mounting system provides for use of indium antimonide 
{InSb), long-wavelength copper-doped germanium ( Ge:Cu), and mercury-doped ger
manium (Ge :Hg) detectors. These three detector combinations permit scanning through
out the wavelength region from the visible to 25 iJ.· Only the indium antimonide and the 
copper-doped germanium detectors were used for this study. 

The scanning mirror is driven by a variable speed d-e motor whose speed is 
adjusted to the proper V/H (velocity/height) ratio of the aircraft. The over-all scanning 
angle is approximately 72°, and maximum system resolutio:p. is one milliradian using a 
txt mm detector size. 

Scan line synchronizing pulses are generated by a small light source and photo 
transistor mounted on a gyrostabilized arm. Narrow adjustable slits are placed at the 
intersecting mirror surfaces on a protruding ring fastened to the back surface of the 
scanning mirror. The ring rides throug.h a slot in the gyrostabilized arm that has the 
light source and photo transistor mounted on opposite sides, allowing the photo transis-

tor to see the light source only when the slit passes between the two. The signal is fed 
to an amplifier and Schmidt trigger circuit generating a pulse of 5 v amplitude with a 
rise time of 1 iJ. sec.· 

2. 3 (Confidential) AN I AAD-2 infrared scanner 

The AN -AAD- 2 scanner, which was purchased from the manufacturer by CRREL 
in 1961, has been modified by the University of Michigan to accept the large Dewars 
associated with helium-cooled long-wavelength detectors. Several other changes were 
made to improve electrical bandwidth and final image quality. Preamplifier and glow
tube driver circuits were redesigned, and provision was made for magnetic tape record
ing. The 3 -in. -diam optical system of this lightweight instrument has a shorter focal 
length than that of the M-1 scanner, and the instantaneous field of view when using a 
t x ± mm detector is 1. 5 milliradians. Three data recording methods are available.· 
A 70-mm film strip within the scanner is exposed by a flying light spot from a gas-filled 
glow tube which is modulated by amplified signals from the detector. This recording 
system is relatively difficult to control with precision; its primary virtue is that no 
.~ynchronizing system is required, since the glow-tube optics are mounted directly on 
the shaft. at the primary scanning mirror and rotate with it, assuring·· optimum line syn
chronization. Signals from the scanner amplifier are also directed to the magnetic tape 
recorder and, when desired, to the cathode-ray tube direct recording unit. 

2. 4 (Unclassified) Magnetic-tape processing 

The equipment used for playback ot" the magnetic tapes and for recording infrared 
. signals on film is shown in Figure 5. The electronics are designed to handle processing 
of signals from both the M-1 and AN I AAD- 2 scanners. The tape deck shown is an 
Ampex CP-100 seven-channel unit with playback amplifiers providing optimum tape 
monitoring while recording. The two oscilloscopes are used to display video signals. 
The upper one, Tektronix Model RM 15, displays signal amplitude on the y-axis, with 
a linear scan triggered by the scanner synchronizing signal on the x-axis.- The lower 
one, Model RM 35, has a long-persistence phosphor and displays the thermal maps as 
generated by the scanner. The cathode-ray tube in the photographic recording unit 
{Dum.ont 5FPlla or 5CKPll hi-resolution) has magnetic focusing and deflection and dis
plays a single-line repetitive sweep which is triggered by the scanner-synchronizing 
signal and is intensity-n10dulated by the video signals from the infrared detector. In the 
SM-100 recording camera, successive scans are recorded side by side on a continuously 
moving 70-mm film strip. 
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Figure 5. (Unclassified) Equip1nent used 
for playback of rn.agnetic tapes. 

Other specialized equipment includes a slope-cornpensating arn.plifier for correct
ing curvature in the scan resulting from low-frequency amplitude variations; a video 
amplifier with adjustments for gain and d-e level; and phase- shifting and mixing circuits 
for combining signals from FM and direct-recording channels. Frequency response in 
the FM mode, at 60-ips tape speed, extends from d-e to about 20 kc. AM response ex
tends from 100 cps to 300 kc, and both recording n1ethods must be us.~d to obtain the 
required bandwidth. 

The magnetic-tape data-processing system has several important advantages. 
Setting the CRT intensity and the lens aperture and setting the film speed for optimmn 
negative density and minimum distortion in the final picture present the greatest diffi
culties in achieving direct in-flight film recordings. These settings must be adjusted in 
accordance with ground speed and altitude changes. Magnetic tape, on the other hand, 
can be replayed any number of times to achieve optimum conditions for producing a good 
negative. The sort of electronic 11 improvement" of the final picture that can be achieved 
by aperture compensation techniques and high-frequency emphasis would be difficult to 
accomplish in flight, since the necessary adjustments are subject to considerable vari
ation. 

3 
OPTIMUM SCANNER PARAMETERS 

(Confidential) 

3. 1 (Unclassified) Spectral choice 

The optimum spectral region for detection may be determined by a consideration 
of blackbody curves approximating the energy distribution of the targets and the back
grounds. While the energy from a typical fire (800C) is greatest at short wavelengths 
below 3 1-1• solar reflection from the vegetation is serious, even early in the morning-. 
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Figure 6. (Unclassified} Energy distribution for tar
gets at 800 and 1 OOC and for the background at 30C. 

in this spectral region. Figure 6 shows the energy distribution for (blackbody} targets 
at 800C and 100C (dashed curves) and for the background at an·assumed temperature of 
30C. Solid lines indicate the amount of energy transmitted through the canopy, as sum
ing 90% obscuration. Signal-to-background ratio for the open fire is much better in the 
shaded area between 4. 5 and 5. 5 f.1 than in the region of atmospheric transmission be
tween 8. 5 and 13 f.l• and the ratio is somewhat better even for the 90% obscured target 
at lOOC. An indium antimonide (InSb) detector filtered for acceptance of wavelengths 
between 4. 5 and 5. 5 f.1 appears to be an optimum choice; solar reflection is negligible, 
background energy is sufficient for mapping, and the target signal to background ratio 
is favorable for detection. (Experimental results presented in a later section of the 
report confirm this_ ~easoning.) Factors of less importance, such as emissivity values. 
and atmospheric transmission, need not be considered. The emissivity is fairly close 
to unity for both the fires and the vegetation and only those regions where atmospheric 
transmission is large for the fairly short, near-vertical paths of interest have been 
considered. 

3. 2 (Confidential) Resolution 

For single-element scanners of the type used in this work, signal to noise ratio 
(or target signal to background signal ratio) is best when the ground resolution (size of 
ground intercept eleni.ent subtended by the solid angle representing the instantaneous 
field of view of the detector-optical cornbination) is equal to or smaller than the target 
of interest. In other words, the target should at some instant fill the instantaneous 
field of view for the most positive detection. 

Since the instantaneous field of view of the M-1 scanner is 2 milliradians using a 
i x i detector and 1 milliradian for the :} x :} mm size, the ground intercept at 1000 ft 
altitude is 2 ft square or 1 ft square, depending upon the detector in use. The latter 
figure is nearly optimum in that the maximum ratio of signal to background is obtained 
for heat sources of the size provided for these tests. Although even better angular reso
lution might be desirable for higher altitudes, 1 milliradian is about the best that can be 
expected for existing scanners. Long-focal-length optics and very high scanning-mirror 
rotation rates are required for further improvements. 
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3. 3 (Unclassified) Temperature sensitivity 

The ability to detect very small temperature differences is not of critical im
portance to the problem of detecting small intense-heat sources in the environment 
considered here. Degradation due to reduced detector sensitivity is first noticed in the 
quality of terrain imagery. The targets appear as hot spots, and often as overload 
signals, in all of the InSb target imagery obtained in Puerto Rico, although considerable 
variation in temperature sensitivity of the scanner system resulted from drifting of the 
detector bias voltage. For operation at high altitudes, where the decreased ground 
resolution might tend to smooth out the background variations and where the target 
would fill only a very small part of the field of view, temperature sensitivity w.ould be 
a more important factor. 

4 
TARGET CHARACTERISTICS 

(Unclassified) 

4. 1 (Unclassified) Location 

The target sites, located within the boundaries of the Caribbean National Forest, 
were selected by the USA CRREL advance party during the month of October. This 
area was selected because of its dense rain-forest-cover type, accessibility, and prox
imity to living accommodations. Two forms of vegetation were chosen as cover for the 
thermal targets: flight line 1 (a high, dense canopy) located in the LaMina River Valley 
extending approximately i mile NE from La Mina Falls, and flight line 2 (a low-lying, 
dense canopy) located adjacent to a road connecting Pico del Oeste and Pico del Este. 

4. 2 (Unclassified) Vegetation - flight line 1 

The site selection for the experiments had to be a relatively undisturbed rain 
forest with maximum canopy density that was reasonably accessible by foot trail. As 
a result of these qualifications, the targets were positioned on or near an abandoned 
foot trail along the La Mina River. Figure 7 is an air photo of an area similar to line 1. 
The valley wall is steep, the aspect is northeast, and the elevation is 1950-2150 ft. 
Intermittent tributary streams dissect the valley wall. A well-developed, subtrqp,i.\=ii~. 

wet forest or montane rain forest, locally known as the tabonuco (Dacryodes excel.sa) 
type, predominates in the valley bottoms and lower slopes at this elevation. Palm 
brakes of nearly pure mountain palm (Euterpe globosa) occur on steep, unstable slopes 
above this elevation al)d interfinger into the study area along the first- and second"-order 
tributary drainages. Eme-rgent crowns overtop the forest canopy; these trees grow pri
marily on ridges of shallow bedrock to heights of 150 ft. A lower canopy stratum 
averages 100 ft in height and this in turn is underlain by a third poorly defined canopy 
layer of palm, young trees, and minor species from 20 to 60 ft high. Arboreal epiphytes, 
particularly Philodendron, Marcgravia, and brmneliad species, contribute considerable 
biomass to the lower two crown levels. 

4. 3 (Unclassified) Vegetation - flight line 2 

A second study area was selected to represent shorter vegetation type and to 
obtq.in more precise flight control. This ridge site is in the dwarf thicket or mossy 
forest type. The shrubby tree species with very similar microphyllous leaves scldon1 
exceed 20 ft in height. Epiphytic mosses, orchids, and bromeliads arc abundant but 
smaller tl;an at line l. The seven target locations vary from. dense shrubbery with only 
small sky" openings to an open gras~y sward without woody plants. The grassy openings 
are appq.rently the result of a perc;hed water table caused ·by an in1pcrn1eablc iron-p~n 
layer in the lateritic soil. Figur,.~ 8 is an aerial photo of this region. 
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Figure 7. (Unclassified) Air photo of area sin1 ilar to line 1. 
This is the san1e strean1 bed (La Mina) as the study area, but 
about i n1ile downstrearn. Vegetation types and densities are 
essentiallv the sarne in both areas. 

Vegetation in n1ost areas, and particularly in the tropics, is the primary variable 
in the concealment of military or guerrilla activities. An understanding of the vegeta
tion canopy appeared essential to the interpretation of the target-detection success or 
failure in these experiments. The vegetation parameters assessed were properties of 
the three tree layers since other elen1ents of the flora exerted little influence on these 
tests. Accordingly, 35 mil-acre circular plots (21-ft radius) were centered on each of 
the targets. The number and diameter of each tree species over 1 in. diam were deter
mined. The resulting data permit an expression of frequency (distribution), density 
(number/unit area), and basal area (sturnp area) per species and per plot. Canopy 
height was estimated with the aid of a 6-in. range finder. Canopy coverage over each 
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Figure 8. (Unclassified) Air photo of flight line 2. The approxi
n'late locations of the charcoal fires are indicated on the overlay. 

target is expressed as percentage obscuration. Obscuration was determined by reflec
tion measurements of prints from vertical ground negatives developed uniformly to 
maximum contrast. Topographic slope was measured with a Hega height-finder. 

Identification of taxonomic species is difficult in all tropical areas because of the 
abundance of evolved forms, their morphological similarity, and limited taxonomic 
study, particularly by temperate-zone botanists. Over 250 tree species were known 
from the Luquillo Mountains. The similarity of tropical plant life on differe;;t conti
nents is in life form and community structure; taxonomic relationships are widely di
vergent. Acknowledgement is made to Dr. Roy Woodbury, Botanist, Agricultural 
Experiment Station, University of Puerto Rico, for help with field identifications at the 
study areas. 

A quantitative description of target plots is presented in Table I. In spite of the 
lack of species dominance usually associated with rain-forest vegetation, it is apparent 
that only four major and five minor tree species with their associated epiphytes provided 
most of the target concealment. Frequency or dist.ribution, density, and basal area 
indicate species importance within the taxonomic limitations of the investigators. 
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Table I. {Unclassified) Total arboreal vegetation by species, line 1. 

Euterpe globosa 
Dacryodes excelsa 
Sloanea berteriana 
Cecropia peltata 
Tabebuia heterophylla 
Inga inga 
Moca inermis 
Miconia sp. 
Armocia krugiana 

Frequency 
{Occurrence I Plot) 

100 
92 
92 
58 
33 
17 

8 
17 

8 

Density 
{Trees/35 mil

acre) 

4.8 
3.0 
1.8 
1.1 
0.4 
0.3 
0. 1 
0.3 
0.3 

Basal area 
(in. 2

) 

1822 
2161 
2291 
2062 

761 
762 

52 
127 
157 

Quantitative measures of the total canopy by target plot are presented in Table II. 

4. 4 (Unclassified) Targets - charcoal fires and measurements 

To approximate the conditions and the cooking stoves described earlier, charcoal 
fires were placed on the grouhd at selected sites along flight lines 1 and Z. To prepare 
the fires, 8 to 10 lb of charcoal was placed in each of the galvanized 'pails { 14-in. diam 
and 8; 5-in. high); the charcoal was then doused with kerosene and lit. The fires were 
usually started i to 1 hr before each flying mission. Previous experiments had shown 
that fires of this type could burn for as long as 24 hr, and that for the first 4 or 5 hr 
the radiation output decreased very slowly. The highest ten1perature for these fires 
was about 800C. 

Radiation measurements of the fires were made with a GE radiation meter type 
DK- 60 and with a Stoll-Hardy radiometer {Williamson Development Co., West Concord, 
Mass.). Both instruments were modified with an aperture for use over hot targets. A 
second Stoll-Hardy radiometer was used to obtain radiation measurements of the various 
natural surfaces. Contact temperatures were read with an Alnor contact pyrometer. 
An Assman psychrometer was used to obtain dry bulb and wet bulb readings when de
sired. A helium-filled balloon {protected with a parachute cover) served to suspend and 
raise a thermistor {Victory Corp., type 3ZA84) through the vegetation so that the thermal 
gradient could be established from ground ievel to above canopy height. The balloon was 
stopped every Z meters and the resistence of the thermistor was read with a modified 
Rubicon portable Wheatstone bridge. (One of the photographs in Figure 13 shows the 
thermal gradient gear in use.) Figure 9 shows one such gradient plot and Figure 10 is a 
radiometric trace produced by the airporne radiometer which indicates the magnitude of 
thermal variations as recorded with a 5 milliradian instantaneous field of view in the 
4. 5~ 5. 5 1-1 wavelength interval. The average flight altitude was about 800 ft so that the 
instrument integrates or averages an area of about 16 ft 2 • The rapid fluctuations ranging 
in magnitude from 1 to 3C are in good agreement with measurements of the vertical tem
perature gradient obtained from ground level to the top of the canopy. The ridge road, 
where flight line 2 was located, appears at the left of the trace. The road and terrain 
immediately adjacent are warmer than the vegetation cover. The terrain descends rapid
ly from this ridge to the bottom of the valley containing flight line 1, dropping some 
900 ft over a distance of 1 mile. There is a corresponding gradual rise in temperature 
down this slope of about 6 or 7C. Little confidence can be placed in. absolute magnitudes 
of temperature indications, as the emissivity of the vegetation in this wavelength region 
is not accurately known. 
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Table II. (Unclassified) Arboreal vegetation by target plot, line l. 
Plots (35 mil-acre) were centered on each of the targets and the number 
and diameter of each three species over l-in. diam were determined. 

Density Crown height 
Slope No. of (trees per Basal area (ft) Canopy 

J.19L Species 35 mil-acre) {in. 2 ) Lower Upper % Obscuration 

38 5 15 1040.8 33 85 88 
75 4 10 1536.5 40 110 78 
16 6 20 699. 7 22 140 84 
60 3 13 907.9 19 150 89 
68 5 9 568.2 38 120 75 
56 4 10 1249.2 30 140 86 
60 4 15 704.1 25 110 70 
75 5 9 1057.3 45 110 80 
64 1 6 183.5 40 100 81 
65 5 19 1278.3 15 120 80 
69 7 14 947.9 20 110 91 
43 3 8 130.9 20 110 20 

57 4.3 12. 3 858.7 29 ll 7 77 

5 
RESULTS 

{Confidential) 

Tables III, IV, and V sum up the number of times each fire was detected. As dis
cussed elsewhere in this report, the 8-14 J.l. bandpass is not the best region of the spectrum 
to use for this particular detection problem. Our results certainJy support this state
ment. Of all the fires on line l that were available for detection, the copper-doped 
germanium cell {8-14 J.l.) detected 14.8% and the indium antimonide cell (5. 5 1-l. long-wave
length cutoff) detected 41. 5% of them. However, the copper -doped cell (8 -14 f-1). did not 
detect any fires that were obscured by vegetation. The indium antimonide cell detected 
about 30% of the hidden fires. Examination of the imagery shows that the 8-14 f-l band
pass is better suited for recording radiation variations within the canopy_ itself. 

There were a few cases where the identity of a target site, visible in the imagery, 
could not be positively established. This did not influence the final figure for percent 
detection, but only the frequency of detection distributed among the sites. 

5. l {Confidential) Flight line 1 
.• 

Flight line 1 was located in an area of the rain forest that had the densest canopy to 
be found; for the purposes of detecting small ground fires through a vegetative cover,. 
we considered this area to represent the worst possible case. 

Figure 11 is a schematic layout of line 1. The picture by each target-site number 
is a view of the canopy directly over the charcoal-fire pail. Sites A and B were selected 
as control points in canopy openings that undoubtedly would show in the imagery if the 
detector• s field of view passed over them. These signals would at least prove that the 
aircraft had passed over the correct area and would also help to identify any other 
targets detected. Figures 12 and 13 are photographs of the general region associated 

:.· .. 
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Figure 9. (Unclassified) Thermal gradient in forest (near 
cabin 1, 12 Nov. at 2100 to 2130 hr.J) This 4-deg tempera
ture range was the maximum measured ·for any vertical gradient. 
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that shows a temperatur-e change similar to the thremal gradient. 
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Table III. ( Confid~ntial) Summary of results of the H z 
M-1 scanner (indium antimonide) over line 1. f-rj 

:;o 
Overall detection = 41. 5% ~ 

Detection of obscured fires only= 30. 6o/o No. of fires No. of 
?:J 
M 

November Alt. Fire sites':' available for fires t:J 
Tape no. Bandpass date-time (ft) A 2 3 4 5 6 7 8 9 10 11 12 B detection detectedl t:J 

1 521-7-1 VIS-5. 5 1.1. 17-0614 1500 0 0 0 0 0 0 0 0 0 X 0 X 4 M 
2 521-7-2 VIS-5. 5 1.1. 17-0618 800 0 0 0 0 0 0 X 0 0 X 6 2 ~ 

M 
3 521-7-3 VIS-5. 5 1.1. 17-0624 1500 0 0 0 0 0 0 0 0 0 0 X 0 3 1 (') 
4 521-7-4 VIS-5. 5 1.1. 17-0630 800 0 0 0 0 0 0 X 0 0 X 6 2 

~ 
5 521-7-5 VIS- 5. 5 1.1. 17-0635 1500 X 0 X 0 X 12 3 H 

6 521-7-6 VIS-5. 5 1.1. 17-0 642 1000 ? 0 X 0 X X 12 3 0 z 
7 522-8-8 VIS- 5. 5 1.1. 17-0653 900 0 0 0 0 0 0 0 0 X 0 X 5 2 ·o 8 522-8-9 VIS- 5. 5 1.1. 17-0658 1700 X 0 0 X X 12 3 
9 522-8-10 VIS- 5. 5 1.1. 17-0705 900 X X ? X 0 ? 0 X X 12 5 

f-rj 

10 526-12-20 4.5!:!:-5.5!:!: 17-0930 1000 X 0 X 0 X X 12 4 :I: 
ll 530-16-2 VIS-5. 5 1.1. 19-0611 1000 X X X X X ? X X X 14 8 M 
12 531-17-6 VIS- 5. 5 1.1. 19-0632 1000 X X X 0 0 0 0 X X 10 5 ~ 
13 531-17-8 VIS- 5. 5 1.1. 19-0642 1000 0 X X X X X X X X X X 13 10 ~ 

14 531-17-9 VIS-5. 5 1.1. 19-0647 1500 X X X 0 0 0 0 0 0 0 0 0 0 0 3 3 CJ) 

15 534-20-21 4.5~.~.-5.51.1. 19-0936 1000 X X X X ? X X X 14 7 0 
c 16 534-20-22 4.5!:!:-5.5!:!: 19-0940 1500 X 0 0 0 0 0 0 0 0 0 0 0 0 0 l l :;o 

17 536-22-4 4.5~.~.-5.51.1. 21-0728 800 X X X X X 14 5 () 
18 536-22-5 4.5~.~.-5.51.1. 21-0732 800 0 0 ·0 0 X ? X X X 10 4 M 
19 537-23-6 4. 5 ~.~.-5. 5 1.1. 21-0737 800 X X ? X X ? X 14 5 CJ) 

20 537-23-8 4.5~.~.-5.51.1. 21-0746 800 X X X X X ? X 14 6 H 

21 537-23-9 4.5~.~.-5.51.1. 21-0751 2500 X X X X X X ? X 14 7 z 
22 537-23-10 4. 5 1-L- 5. 5 fJ. 21-0754 800 X X X 14 3 ~ 

Total 12 4 5 6 3 4 9 6 2 9 0 2 15 14 219 91 
?:J 
0 

No. of fires available for detection 15 15 15 14 15 15 17 10 17 19 19 9 20 19 '"0 
o/o Detection, each site 80 27 33 43 20 27 53 60 l 47 0 22 75 74 H 

() 

~ 
Remarks: 17 November - Sites 7 and 11 were not lit. The fires were left t-< 

from 2045 hr of 16 November :;o 
19 November - All fire sites were burning, but nos. 3 and 10 were beds ~ 

of hot coals left from 0545 hr of 18 November H 

21 November Fire_ no. 12 was covered with a palm frond shed on all passes. z 
f-rj 

•:ex = Fire detected 0 
? = Questionable detection - faint signal ?:J 

M 
0 = Site not in field of view or not lit CJ) 

~ 
CJ) 



Table IV. (Confidential) Summary of results of the 
D-2 scanner (copper doped germanium) over line 1. 

Overall detection = 14.8% 
Detection of obscured sites only = 0. 7o/o 

November Alt. Fire sites':' 
Tape no. Bandpass date-time (ft) A 2 3 4 5 6 7 8 9 

1 521-7-l 8-14 l.l. 17-0614 1500 0 .o 
2 521-7-2 8-14 l.l. 17-0618 800 X 0 
3 521-7-5 8-14 l.l. 17-0 635 1500 0 
4 521-7-6 8-14 l.l. 17-0642 800 X 0 
5 522-8-8 8-14 l.l. 17-0653 900 ? 0 
6 522-8-9 8-14 l.l. 17-0658 1700 X 0 
7 522-8-10 8-14 1:!: 17-0705 900 X 0 
8 530-16-2 8-14 l.l. 19-0611 1000 X 
9 531-17-5 8-14 l.l. 19-0620 ? X 0 0 0 

10 531-17-6 8-14 l.l. 19-0632 1000 X 
11 531-17-7 8-14 l.l. 19-0635 1500 
12 531..,17-8 8-14 l.l. 19-0642 1000 X 
13 531-17-9 8-14 l.l. 19-0647 1500 X X 
14 531-20-21 8-14 l.l. 19-0936 1000 X 
15 534.-20-22 8-14 l.l. 19-0940 1500 X 

Total 11 0 0 0 0 1 0 0 0 0 
No. of fires available for detection 14 15 15 15 15 15 15 7 14 14 

•:•x = Fire detected 
? = Questionable detection - faint signal 
0 = Site not in field of view or not lit 

Remarks: 17 November Sites 7 and 11 were not lit. The fires were 
left from 2045 hr of 16 November. 

19 November All fire sites were burning, but nos. 3 and 10 were beds 
of hot coals left from 0545 hr of 18 November. 
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Table V. (Confidential) Summary of results of 
the M-1 scanner (indium-antimonide) over line 2. 

Overall detection = 92. 6% 
Detection of obscured sites = 90% 

November Alt Fire sites':' 
Tape no. Bandpass date-time (ft) 2 3 4 5 6 7 

1 534-20-1 VIS-5. 5 fJ. 20-0636 500 X X X X X X X 
2 534-20-3 VIS- 5. 5 fJ. 20-0644 800 X X X X X X X 
3 534-20-4 VIS-5. 5 fJ. 20-0649 800 ? ? X X X 
4 534-20-5 VIS-5. 5 fJ. 20-0652 800 X X X X X X X 
5 534-20-6 4.5jJ.-5.5i.J. 20-0657 700 X X X X X X X 
6 534-20-7 4. 5i.J.-5. 5i.J. 20-0700 500 X X X X X X X 
7 535-21-8 4.5jJ.-5.5i.J. 20-0706 300 X X X X X X X 
8 535-21-9 4.5jJ.-5.5i.J. 20-0710 300 X X X X X X X 
9 535-21-10 4.5i.J.-5.5i.J. 20-0715 400 X X X X X X X 

10 535-21-11 4.5jJ.-5.5i.J. 20-0718 400 X X X X X X X 
11 535-21-12 4. 5i.J.-5. 5i.J. 20-0722 400 X X X X X X X 
12 535-21-13 4.5jJ.-5.5i.J. 20-0725 400 X X X X X X ? 
13 535-21-5 4.5jJ.-5.5i.J. 20-1420 800 X X X X X 0 
14 535-21-8 4. 5i.J.-5. 5i.J. 20-1433 600 X X X X X 0 

Tota] 13 11 13 13 14 14 11 

':'X = Fire detected 
? 
0 

= Questionable detection - faint signal 
= Site not in field of view or not lit 

Remarks: On most passes, ground personnel were detected. For all passes, no. 7 
was a ground fire (i.e., not in a pail). On passes 7, 8,and 9, fire no. 7 
was covered with branches. On pass 10, fire no. 4 was covered with palm 
fronds and no. 7 had a 2-in. layer of dirt over the branches. On pass 14, 
fire no. 7 was very weak, but still apparent. 
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Figure 11. (Unclassified} Schematic layout of line 1. Each target 
site is represented by zenith ground photography olf the canopy. 
Percentage figure indicates canopy obscuration over each target. 
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with line 1 and Figures 14, 15, and 16 are photographs of some of the target sites. 
Figures 17 to 21 are examples of the thermal imagery of line 1. 

The mission on 17 November (see Table III and Figures 17 and 18) is interesting 
in that the fires were, by then, several hours old and were radiating less energy than 
new fires. Twelve fires were 11t by 2045 hr on the 16th, but weather prevented the 
aircraft from flying over them until 0614 hr on the 17th. If the results from the 17th 
are examined separately it is seen that 32o/o of the available fires were detected under 
the adverse conditions of dense canopy and relatively cool fires. 

If the data from the 19th and 21st are combined, the results show that 48o/o of these 
fires were detected (see Fig. 19, 20, and 21). With the exception of two cases, these 
fires were new and relatively hot. The two exceptions are fires 3 and 10 for the mis
sion on 19 November. These were residual coals from fires lit at 0545 on the 18th for 
a mission that was cancelled due to weather. Number 3 was detected on the 19th some 
25 hr after it was lit. For all passes of the aircraft on the 21st, fire 12 was covered 
with a palm frond roof (Fig. 21). This very effectively reduced the radiation to a level 
of questionable detection. 

Several fires were detected that are treated as misses in the tables. These cases 
are indicated by question marks and represent signals so weak that they would normally 
not be noticed in the imagery. 

Thus, it is felt that the figure of 30o/o is a realistic value for the overall capability 
of the indium antimonide cell in detecting indiv{dually obscured fires. If it is in error, 
it is on the conservative side. 

5. 2 (Confidential) Flight line 2 

Seven charcoal fires were prepared under varyii'1g amounts of cover and 13 scanner 
runs were flown over the area shortly after dawn, followed by additional runs in the 
afternoon. During the morning runs, closely controlled conditions were maintained 
through radio contact with the four-man ground team. Following each pass by the air
craft, a description of target indication as observed on the cathode-ray C-scan presen
tation in the aircraft was reported to the ground and changes were ma.de in the target 
complex prior to the next pass by obscuring certain fires with varying amounts of cut 
vegetation and other materials. 

On line 2, 92. 6o/o of the fires were detected with the indium antimonide cell. 
Table V shows the summa.ry of the data and Figure 22 is a schematic diagram of line 2. 
Figure 23 is a general view of the area, and Figure 24 shows one of the fire sites. 
Figures25, 26, and 27 are examples of thermal imagery of line 2. With the exception 
of three targets (sites 1, 2, and 5) all of the fires were more or less free of vegetative 
cover. One target, number 7, was .a charcoal fire laid on the ground. During some of 
the passes of the aircraft, efforts were made to conceal certain of the fires. For all 
practical purposes, these were unsuccessful. Target 7 was detected when covered 
with small branches, a layer of dirt, and a layer of grass (Table V). 

It is significant in connection with this test that, although there was sufficient day
light during the last few passes of the morning mission for determination of detail on the 
ridge, nothing could be seen visually in the target area even though the aircraft crew 
knew exactly where to look and were passing over the ridge at altitudes as low as 400 ft. 
Personnel were observed only when they were clear of the growth concealing the fire 
targets and standing in the open. 

No sign of activity was ever observed visually on line 1, except when the ground 
party lofted a balloon above the canopy or fired a flare up through the trees. 
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TARGET POT 3 
'" 

LA MIN A FALLS· 
BAMBOO 

EL YUNQUE PEAK 

Figure 12. (Unclassified) Typical areas in the El Yunque 
montane rain forest. 
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LINE 1- TARGET I 

CANOPY 
TYPE : Euterpe 

HEIGHT: 33-85/t. 

OBSCURATION:II% 

Figure •;14. (Unclassified} Zenith view of canopy and target fire pot l, line l. 
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LINE 1- TARGET II 

CANOPY 
TYPE: Miconial /S/oanea 

HEIGHT: 20-110 lt. 

OBSCURATION: 91% 

Figure 15. (Unclassified) Zenith view of the forest canopy and target fire pot 11, line 1. 
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CANOPY 
TYPE :None 

HEIGHT: 

OBSCURATION:2o% 

Figure 16. (Unclassified) Zenith view of the canopy and palm shelter 
over target fire pot 12, line 1. 
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Figure 17. (Confidential) The influence of reflected sunlight on 
the thermal image. Both imf'lges are of line 1 on 17 Nov 1962. 

Strip 521-7-5, 0635 nr at 1500 ft. Three fires out of twelve were 
detected (sites A, 9, and lZ). 

Strip 521-7-6, 0 642 hr at 1000 ft. Most of the canopy is now sunlit. 
Three fires out of twelve were detected (sites 9, lZ, and B). Site no. 1 
can also be found in the imagery, but it is well hidden in the contrasting 
background pattern. The InSb detector is sensitive to visible frequencies 
as well as infrared frequencies and when used without a filter (as above) 
it.presents an image composed of thermal radiation plus any reflected 
radiation. These fires were left over from 16 Nov and were about 11 hr 
old at the time of this imagery. 
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Figure 18. (Confidential} A comparison of two different 
bandpasses over line 1 on 17 Nov 1962. 

Strip 522-8-10 InSb (unfiltered, visible- 5. 5 J-L}, 0705 hr at 900ft. 
Five fires out of twelve were detected (sites A, 3, 6, 12 and B). Traces 
of sites 5 and 9 can be found in the film but the signals are too weak to be 
readily apparent. The lack of reflected sunlight in this image is probably 
due to cloud obscuration of the sun during this pass. 

Strip 522-8-10 Ge:Gu (8-14 J-L}, 0705 hr at 900ft. Three fires out of 
twelve were detected (sites A, 12 and B). The difference in scale is due 
to the fact that the AN/AAD-2 (bottom picture} scans through 120° and the 
modified AN/ AAR-9 scans through 70°. These fires were left over from 
the night of 1 6 Nov. ·· 
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Figure 19. (Confidential} ·-A comparison of two different 
bandpasses over line 1 on 19 Nov 1962. 

Strip 531-17-8 InSb (unfiltered, visible- 5. 5 f.!}, 0642 hr at 1000 fL 
Eleven fires out of fourteen were detected (sites A, 2, 3, 4, 5, 6, 8, 9, 
11, 12, and B). This was the best pass, in number of fires detected, of 
the mission. Fire 3 was 26 hr old by the time of this pass. 

Strip 531-17-8 Ge:Cu (8-14 f.!}, 0642 hr at 1000 ft. Three fires out 
of fourteen were detected (sites A, 12, and B). 
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Figure 20. (Confidential) A comparison of two different 
bandpasses over line Lon 19 Nov 1962. 

·st.rip 543-20-21 InSB (filtered, 4. 5 .- 5. 5 1-1), 0936 hr at 1000 ft. 
Seven fires out of fourteen were det2cted (sites A, 3, 6, 7, 11, 12, and 
B). Sites 6 and 7 are almost in line below Site 3 and Site B is just above 
11. Site 3 was about 29 hr old by the time of this pass. Site 9 can be 
identified on the film but its signal is too weak to be readily apparent. 

Strip 534-20-21 Ge:Cu (8-14 !J.), 0936 hr at 1000 ft. Three fires 
were detected out of fourteen (sites A, 12 and B). This represents some 
of the best imagery of the canopy. 
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Figure 21. (Confidential) Thermal imagery over line 1 
on 21 Nov 19 62. 

Strip 537-23-9 InSb (4. 5 - 5. 5 f-1), 0751 hr at 2500 ft. Seven 
fires out of fourteen were detected (sites A, 1, 2, 5, 6, 7, and B). 
The small arrow below site B indicates the weak signal from site 12. 
During all passes on 21 Nov this fire was covered with a palm frond 
shelter (Fig. 16) that very effectively obscured it. 

Strip 537-23-10 InSb (4. 5-5.5 f-1}, 0754 hr. Three fires out 
of fourteen were detected (sites A, 7, and B). There is no indication 
of fire 12. · 
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EAST-WEST ROAD VIEW FROM EAST 

VIEW FROM SOUTHEAST VIEW FROM EAST 

Figure 23 (Unclassified) Representative views of the terrain 
and mossy forest at flight line 2. 



CANOPY 
TYPE : Ocotea 

HEIGHT: 20 lt. 

OBSCURATION:TI% 

Figure 24. (Unclassified) Zenith view of the forest canopy 
and fire pot 1, line 2. 
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Figure 2 5. (Confidential) A cornparison of different band pas scs 
over line 2 on 20 Nov 19 62. 

Strip 534-20-1 InSb (visible- 5. 5 f.!), 0636 hr at 500ft. All seven fires were de
tected. The upper, small arrow points to a group of three or four people near the radio 
control site, and the lower sn1all arrow indicates the location of other personnel. There 
is some reflected sunlight in the image. 

Strip 534-20-4 InSb (visible - 5. 5 f.J..), 0649 hr at 800ft. There is enough reflected 
sunlight to seriously interfere with detection capability. 

Strip 535-21-8 (filtered, 4. 5-5.5 f.J..), 0706 hr at 300ft. All seven fires were de
tected, although site 7 was covered with a layer of branches. The small arrow indicates 
personnel. Note the improvement in detection by filtering out the reflected sunlight. 
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Figure 26. (Confidential) Thermal imagery of line 2 
on 20 Nov 19 62. 

Strip 535-21-9 InSb (4. 5-5.5 f..L), 0710 hr at 300ft. All seven fires 
were detected, although the signal from site 7 is rather weak. For this 
pass, fire 7 was covered with a layer of branches, a layer of grass, and 
a thin layer of dirt. The small arrow indicates the radio site (one person). 
The two hot spots in the road were caused by parked vehicles. 

Strip 535-21..,13 InSb (4. 5-5.5 f.l), 0725 hr at 400ft. Six fires were 
detected. A signal from site 7 can be seen in the film but it is not readily 
apparent. More branches were placed over it just prior to this pass. 

..... .. . -~ - .. 

; . 



36 INFRARED DETECTION OF HEAT SOURCES IN TROPICAL RAIN FORESTS 

Figure 27. (Confidential) Thermal imagery of line 2 
on 20 Nov 1962. 

Strip 535-21-8 InSb (1433) (4. 5-5.5 p.), 1433 hr at 600ft. Five 
fires were detected. This imagery was obtained about 8 hours after the 
fires were lit. Since ground personnel were not at the target area during 
this flight, positive statements cannot be made about the condition of the 
fires. At 1630 hr, fires 2 and 7 were out. 

6 
DISCUSSION 

(Confidential) 

It is very significant that some fires were detected on every flight of the M-1 
scanner qy~r the targets. In applying the results of these experiments the detection 
of any activity may be more important than the detection of a large percentage of 
individual fires. 

In order for the charcoal fires to be detected with the systems used on this project, 
an unobstructed line of sight must exist between the fire and the detecting cell. This is 
true because the infrared energy will not penetr-ate·-the vegetation of the canopy. If 
"holes'' are not available - the fires will not be detected. For some fires there will 
not be a zenith line of sight, but there may be one off to either side. For other fires 
the reverse will be true. Thus, on .successive passes of the aircraft (all slightly differ
ent) some fires will appear and disappear. The problem of detection is not concerned 
as much with the total amount of openness in a canopy over a fire as it is with the dis
tribution of this openness. In some cases chances of detection are better through a 
dense canopy with several holes than through a less dense canopy with its greater hole 
area combined into a single opening. 

For equal densities of cover, chances of detection are better through a low-lying 
cover, such as on line 2, than through a high canopy, such as on line I. This is analo
gous to viewing newsprint through a tissue with the tissue midway between the print and 
the eyes, in contrast to viewing the newsprint when it is in. contact with the tissue. 

It is reasonable· to think of the average percentage detection figure as the probability 
for detection of a single fire concealed beneath vegetation representing an average ob..: 
scuration (i.e., 100 attempts to detect a single fire through average vegetation should 
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yield essentially the same results as 10 passes over 10 fires). This is probably a 
valid assumption, since detection depends upon chance alignment of the scanner -aper
ture with a fire through line-of-sight openings in the vegetation. Using the detection 
figure for line 1, 30. 6o/o, as the probability for detection of one fire from an arbitrary 
angle on one pass (p1 = 0. 306), we may predict the increase in detection probability 
for multiple passes at other angles from the relation Pn = 1 - ( 1 - P1 )n, where~ is the 
number of passes, or number of looks toward the fire from different points overhead. 
Results are as follows: For n = l, 2, 3, 4, and 5, Pn = 0. 306, 0. 518, 0. 666, 0. 768,/ 
and 0. 839. If the aircraft could cover each unit of area on the ground five times, or 
if the instrument could be arranged to scan every point on the ground five times frorri 
different aspect angles during a single flyover, the detection probability might be in
creased to a value greater than 0. 8. Several possibilities existfor implementing this 
favorable replication in the scanning pattern. A framing scanner which makes a series 
of overlapping scans is possible (some years ago the obsolete AN/AAS-4 scanner had 
this capability), or a design combining several detectors with wide-field optics might 
be devised. The advantage of seeking a target from several different angles within the 
wide cone subtended by radiation from the target is almost unique to this particular 
detection problem, and relatively little serious thought has been given to it previously. 

The thermal imagery shows that the signal to background ratio is quite large -
large enough for detection to be feasible from higher altitudes. It was intended to 
make successive runs over the targets at higher altitudes until the signals were lost. 
Weather prevented such flights and the highest passes were at 2500 ft above the targets. 

The figure of 41. 5o/o overall detectability or 30. 6% obscured detectability with the 
indium antimonide cell over line 1 applies only to these tests. In a real situation, this 
figure may be too high, for in many ways this project was biased towards success. 
For example, all missions were coordinated between the aircraft and ground personnel 
at the target site. The air crew knew where to look for the fires and they were often 
directed in by radio, flashing lights, or flares. Even under these conditions, .many 
passes were off the selected line and beyond the field of view of some or all of the 
fires. The imagery itself was checked and rechecked. The people evaluating the im
agery knew where to look for signals from the fires, and could place prepared overlays 
on the imagery to check off the various sites. 

A more realistic test would be provided by selecting an area ( l or 2 square miles) 
in the rain forest where a small group could wander for several days, lighting fires at 
sunup and sundown. The aircraft would then be forced to search for fires. This would 
provide a figure of merit more applicable to the situation of interest in military oper
ations. 

A variety of methods were used in an effort to conceal some of the fires - as indi
cated, these were not all successful. For one mission, five charcoal fires were lit in 
a large open parking lot and pans of wa-ter were placed over two of the fire-pails. These 
pans were larger in diameter than the pails and effectively hid them from vertical views. 
Both the indium antimonide and the copper-doped germanium cells detected aH pails on 
all passes. Although, when looking directly down, the detector would sense radiation 
from a l OOC source, it could, when looking from any other angle, receive radiation 
from the hot sides of the pail. Pans of water would effectively reduce the detectability 
of these fires if measures were also taken to block the radiation from the pail itself. 
This could easily be done by placing the pail in a hole in the ground. 1 

Some consideration was given to the possibility of detecting warm smoke or warm 
air rising at treetop level or above. In a warm tropical environment, detection of warm 
air would only be possible in selected, very narrow spectral regions where the width of 
a molecular absorption band might be sensitively temperature dependent. Available 
energy is severely limited in any such narrow region, and the thermal variation or 
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''noise'' presented by the background {see the radiometer trace, Fig. 10) would seem 
to preclude the possibility of success with this approach. Smoke is rarely detectable 
by infrared systems, even if warmer than the ambient air, unless it is dense enough 
to be detected visually. 

The idea of using microwave radiometry was considered because energy of these 
wavelengths might penetrate a certain amount of vegetation. Mr. B. Lyle Hansen of 
USA CRREL made some calculations based on the best available information about 
current microwave systems. The computations showed that the lC sensitivity of these 
systems and their large field of view (some 60 ft x 60 ft) make them inadequate to 
detect 800C ''point" sources. 

7 
CONCLUSIONS 

(Confidential). 

1. The use of an infrared thermal scanner to detect small ground fires obscured 
by a vegetative canopy has been demonstrated to be feasible. 

2. The filtered indium antimonide cell (4. 5 - 5. 5 f.l bandpass) proved to be the best 
choice in flying over dense carlopy as this cell detected 41. 5o/o of all fires and 30o/o_ of the 
obscured fires. 

3. Under conditions of a high, dense canopy the success of detection depends as 
much on the distribution of the openings in the canopy as it does on the total amount that 
is open. 

4. The signal intensity from many of the fires was so great that detection could be 
successful at much higher altitudes. The flights for this project were usually flown at 
around 1000 ft with 2500 ft being the highest pass. Weather prevented flights at higher 
altitudes. · 

5. In open grassy areas the indium antimonide cell detected personnel from alti
tudes of 500 ft.· 

6. One of the problems that will be encountered in field operations is the exact 
location of "hot" signals and the speed with which they can be relocated for strike 
purposes. 

8 
RECOMMENDATIONS 

(Unclassified) 

1. Search and detection study - Puerto Rico 

It would be interesting and worthwhile to determine the capability of the systems 
used in this study to detect fires under conditions of search. For this purpose a target 
area in the rain forest of Puerto Rico, 1 mile by 2 miles in size (preferably along 
line 1 ), could be selected. A research ground party could traverse this area, lighting 
fires at dusk and dawn in different locations each night. Following a series of controlled 
location flights the sensor aircraft would have as its objective "search and detect". 
These operations should be accompanied by a truck-mounted radar which could track 
and position the aircraft throughout its passes in the target area. This would be neces
sary for determining the position of the plane with respect to the targets for proper 
analysis of the study. All of the above would necessitate detailed canopy observations 
at each fire-lighting period. 
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2. Altitude -detection study - Puerto Rico 

A second study would consist of a series of flights over known fire target positions 
at increasing altitude until all signals arc lost. This would establish the range of alti
tudes (for different topography I canopy conditions) where some success could be expected. 
This could be done in the same test area in the rain forest as above. 

3. Wide-angle scanner study - Puerto Rico 

One flight series utilizing wide-angle scanners should also be tested. This might 

greatly reduce the amount of search time required. 
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APPENDIX A. 

9 
RELATED TESTS- MISSOULA EXPERIMENT 

{Confidential)· 

The following presents a short discussion of a series of pertinent experiments· 
conducted in Montana in a coniferous forest. 

The Forest Fire Detection Branch of the Northern Forest Fi:J;:.e Laboratory, 
Missoula, Montana, has conducted extensive· experiments designed to determine. the 
usefulness of-airborne infrared scanning for early detection of forest fires. Char<eoal 
fires similar to those described above were used, and tests were conducted in timber 
stands of heavy coniferous growth. Project MICHIGAN aircraft and the equipment 
described above were flown over two of these areas {thick stands .of Douglas fir and 
Engelmann spruce) during August 1962. Fourteen passes were made over the Douglas 
fir area. Flight altitudes were 9000 and 11, 000 ft msl, giving terrain clearances of 
6000 and 8000 ft. · 

Enough data were acquired over the Douglas fir area to permit comparison of 
detection capability of the i x% x ~ x ~ mn'l detectors at two different altitudes. Oblique 
angles were limited to 36° off the nadir. At the maximum altitude flown, 8000 ft ter
rain clearance, the lateral coverage was only a little over a mile to the side of the 
aircraft. Consequently, the effects of decrease in detection capability with long slant 
ranges was not investigated. 

Table AI illustrates the number of targets scanned, the number of targets detected. 
and the quality of the detection for each pass over the target site. The percentage of 
detection for each pass is given at the right. The lower figure represents the conserva
tive percentage which treats "possible" detections as misses. 

The percentage of detections for each fire is given at the bottom of the table. The 
lower percentage treats l!possible 11 detections as misses. Targets l, 10, 19, and 20 
were detected on all passes. Target ll was seen the least number of times - only 
three certain detections out of fourteen attempts. 

. Table All lists the percentage of detection for the different mode::; _.Qf scanner oper
ation and also for the aggregate of all modes. The numbers indicate that there was no 
apparent improvement in detection capability when the system resolution was increased 
from 2 milliradians to 1 milliradian, and that there was no apparent degradation of de
tection capability when the terrain clearance altitude was increased from 6000 ft to 
8000 ft. The fact that there was no increase in detection capability with increase in 
resolution is probably due to the low responsivity of the ~ X~ mm cell used at Missoula. 

It is felt that the number of points sampled is great enough so that the aggregate 
detection percentage figure is significant. This figure includes all modes of operation 
from directly overhead to oblique angles of 36° maximum; crossing the target area in 
different directions; using different detectors; an<;} flying at different altitudes. Con
sequently, the figure of from 65 to 70% detection of hot, point-source targets in this 
particular type of vegetation cover is probably quite valid for the scanning mode em
ployed. It is also worth noting that the spread in detection capability under various 
conditions of scanner operation was very small { 62 to 66% for the conservative esti
mate and 64 to 70o/o for all detections). These data appear to add validity to the experi
mental results in that the fir forest-represents vegetation falling between that of the 
Puerto Rican lines l and 2 in obscuration density, and the percentage detection figures 
are also intermediate. 

i. 



A2 APPENDIX A. 

Assuming from the percentage detection figures for the Missoula study that the 
probability for detection of a single small fire under these circumstances is approxi
mately 0. 65, the reasoning used above indicates that the probability could be raised 
to 0. 96 by searching each point on the ground from only three different angles. 

Concurrent studies in foliage density versus viewing angle are being conducted at 
the NFFL. Attempts are being made to determine the effects of tree species, size-, 
and density on obscuring radiation and, consequently, on forest-fire detection proba
bility. A comprehensive paper on this subject was presented at the Second Symposium 
on Remote Sensing of Environment in October 1962, and is included in the Proceedings 
of that Symposium. 
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Table AI. (Confidential) Douglas fir site target detection results. 
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Table AIL (Confidential) Target detection data for the different modes o£ scanner operation. r 
ti 

Total 
Runs targets Total ''seen" o/o Detection 

Altitude Detector scanned Conservative':~ Total Conservative Total 

6000' 1 1 111 2X2 72 78 65% 70o/o 

6000' ~X~ 20 13 13 65%. 65% 
:~· .. ;:-.•. ~ :-·~~ .· -: :··-.{ 

8000' 1 1 44 2X2 . 2.9'.-'.: .; 
31 66% 70% 

8000' ~X~ 50 31 32 62% 64o/o ~ 
1:l 

All runs 225 146 155 65% 69% ~ 
ttl 
z 
tJ 
H 

~ ~::Treats 11 possible 11 detections as misses. 
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