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1
INTRODUCTION

Thié_;epbrt discﬁséeé‘thg cop;ou£iné_6f 8~13:5 migrémeter thermal data
cOllected'over_the Forestry Site,néaf Wallops Station: Yiréinia._ The déta
were collected at an altitude of lOOO.ft' above terrain on 11/4/70 at 1502~
1511 hrs. The site was covered on three approx1mately parallel llnes.' The
purpose of the contourlng was to attempt fo delineate pine trees: attacked
by southern pine bark.beetla, and to map other'important terrain categories,
In additipn to the roﬁtine.contouring processing steps, special processing
'Steps were required to échievé the éofrect aspect ratic of the thermal data.
The reference for the éorrection procedure was color infraredrphotography
supplied by Wallops Island personnel. ”

In this report; déta form and quality are fifst discussed; Then, in
successive sections;'proéessing steps are outlined, a brief interpretation
of results giﬁen; and éoﬁclﬁSioné presentéd:

!
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FORM AND QUALITY OF ORIGINAL DATA

The thermal data were recorded on 1" magnetic tape in the C-47 aircraft,

An examination of this data before processing showed that the data seemed
to be of good quallty The two thermal calibration sources were registered

in the data, permitting calibration of the resultant contouring steps. An

examination of,the temperatures'of the calibration plates (as recorded on the

flight record) reyealed that the cold plate temperature varied slightly

‘between the three runs, but that the hot plate temperature remained nearly



constant. This variationin cold plate temperature was felt to be caused
by drift in the plate controlling eléctronicsl To avoid distortiom to the
video data by clamplng to the varvxng cald plate refarence the hot plate
reference was selected for clamplng. (Clamplng is requ1red because the

signals from the detector are AC~coupled to the preamp, Slgnal level

thus depends not only on oBgect temperature But on the average signal level),

3
CONTOURING PROCESSIﬁG STEPS

The several processing steps involved in,tﬁe.contouring are discussed
in this sectlon.' Befére proceeding with.the:contoﬁriné, ﬁe first determined
the correct camera speed for prlntlng separations which yielded the correct
aspect ratio for the data.
3.1, DETERMINING CORRECT"ASPECT RATIO

Because of uncertalntles in alrcraft true ground speed and altltude“
the film speed for correct data aspect ratio cannot be prec1sely determined
in advance. The procedure used to obtain a more precise film speed was to
‘make trlal filmstrips of video data, compare these fllmstrlps with color
infrared photography supplied by Wallops Island personnel and to correct
the f£ilm’ speed to bring the video data into precise registry with the
'phntography;. This pfocess was measurably aided by the almost.identicél
scale of the photography and the imagery. Precise matching was obtained
on the third iteration of film speeds,

Initial attempts to compiite the cofrect £ilm S§eeds by referriné to

topographic maps yielded inferior results., This was probably because of



the relatiyely few landmarks in the déta and on the topo maps and because
of changes in some road positions since the topo ﬁap ﬁéd Beén prépéréd;
3;2: CONTOURING OPERATIONS ° |

After seleétion of a prﬁpér'film speed fo? eaéh_run of daté; contouring

'operations-were begun., Tﬁe hérdwére for perforﬁing the contouriné is

shown in the block diagram of Flgure l Data-from the tape recorder are

first clamped to remove variations caused by AG-coupllng of the detector
signal. The clamplng reference was the hot plate, because it was the more

. stable of the two references; After clamplng, the signal was ampllfled

to match its dynamic range to that of the A/D converter. Because inferior
results occur when the width of one contouring interval is less than the noise
level on the-signalg the gain of the émplifier.cannot be too large; The

" amplifier gain was‘set so that there were five contouring steps between

the hot and cold plates on each.run:'

The A/D converter converts input voitages into digital data with ﬁp to 6
bits of resolﬁtion: A sﬁ553551vé approx1mat10n tecﬁnlque is used; and
conversions are made in &-usec about 2/3 resolution element. Outnﬂf from
the A/D converter,in the form of a set of loglcal 31gnals are gated to
extract 1nformat10n from the logical signals. Individual levels are successively
prlnted on 70mm fllm as black and clear negatives. Black areas occur on
thg film when the incoming signal falls in the level being pr&nted.

3.3 COLOR CODING AND OQZALID PROCEDURES_

Individual contouring separatlons were sent to Wallops Island for

analysis and for selectlon of colot code. ‘Several individual separatlons

were rendered in each of the colors chosen, At this time, it was disaovered_
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that the orlglnal goal of two maps-a general terraln features map and

a map of various stages of affected loblolly plne—m~could not be,met.
Categbries were nop_separable in this thermal_data; Accordlngly, the plan
was changed to prepare only one map of each line,

When separations were feturned to Willow Run: we first attempted to ﬁake
color ozalids at the same size és thé original film, This effort was
aban&oned when it became clear,tﬁat the fine detail in the scengvcéuld.
not be accurately portrayed in the color ozalld separatlons. It was then
decided to prepare color ozalids at appraximately 2 5 times the 70mm size.
This‘required a set of high contrast negatives at the larger size, These
were prepared in a two step brocess from the originalr70mm materials;

" Ozalids made at the largef size were examined to be sure that the
required detail was presenf“ Individual scan lines of data could be
sean; although the renditlon of fine detail was sometimes SpOtty; The cause
of this spotty rendltlon is felt to be loss of some of the orlglnal film
detail in the intermedlate photo and/or the ozalid process;

Ozalids were ovérlaid aﬁd registered for each of the runs, Minor
variations in film speed were magnlfled when the data were blown up 2, 5
times, and ozalids were registered 0ptimally at both ends of the data. This
results in two negatives and two positive transparencies per line. Black
marks at the top of each.negative enclose thé area for:which*the registration
was optimized. | o

Prints were'médé“at a scaié of 1;2 Ooa,pef COnversa£ions.with Dr, Oberholtzer,
Prints were supplied for each.of the.negatlves and printé with.optimuﬁ.

registration at both ends of the line can be mosalced if desired,
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4
CALIBRATION OF TEMPERATURE LEVELS

Callbratlon of the temperature range of each of the contouring 1evels
can be accomplished by referrlng to the thermal callbretlon sources feglstered
on the data, The most accurate calibration technique is a linear interpeiation

Al . : T
. of yoltage versus radiamce. The radiances of ﬁhe'plates are modified to account
er the fact that the plates are not perfect blackbodles but have an emissivity
of about 0, 9, and thus reflect energy from the scanner 1nter10r. The scanner
- interior is‘assumed to be at the outside air temperature because of the flow
of outside air around the scanner housing.

Calibration consists of determing the radiance of each calibration plate;
relating those to contouring steps using ieformation gathered during the
conteuring operation: determining the radiance of all contouring steps
through interpolation and extrapolation, and finally converting these
radiances to temperatere. This process is summarized in Tables 1; 2; 3; and

4, where modified plate radiances and temperature ranges of each of the

- quantizing intervals are presented, .

3
INTERPRETATION OF RESULTS
The purpose of thlS section is not to present a detailed analvs1s
of results, but rather to present some factors that should be considered
in the analysis of this data set. The data were collected jin the middle
of the afternoon, about 1-2 hours after an overcast had d1351pated For

this reason, the data are not typical of mld—afternoon thermal data. .



Table 1

Modified Plate Radiances For
Forestry Contouring-Wallops Island

Line 13

cold 52.3°F 3,868 281°K . 3.647 3.846
hot 56,2 4,009 - . .. 3.973 .
| Line 14
cold  52.6 3,875 . 281°K 3.647 3,853
hot  56.2  4.009 o 3.973
Line 15
cold 53.3 3,902 281°K ‘ 3.647 3,877

hot  56.6 4.029 : 3.991 -

) .
¥ in mw/em ~-ster



Table 2

Temperatures For Line 13

'Binary'ﬂevel "Wéllops.Dééignation 'jTéﬁﬁefaéﬁréTRanégt;F),"Comments

01000
01001
01010
01011
01100
01101
01110
Ollil
10000

10001

10010

10011
10100
10101

10;10

©o10m1

13-11
13-12
13-13
13-14
13;15
13-16

13-17

13-18

©13-19

13-20

13-21

13-22

13-23

49.4'—50.0

-50,0~50,7

50.7-51.4

51.4-52,1

' 52,1-52.8

' 52.8-53.5

53.5-54.1

54,1-54.8
54 ,8-55.5
55.5-56.2

56.2-56,9

56.9-57.6

57,6-58,2
58,2-58,9
58.9-59.6

59, 6-60.3

_ ot coded

not coded
not coded -

black

- black

black
black
orange
orange
red
red
brown

brown

- brown

blue

“blue



" 'Binary Level

Tempexatures for Line 14

' Temperature;Range(?F)

" Comments

" 'Wallops Designation
01.001 14-9 50,3-51,0 not coded
~ 01010 14-10 51.0-51.6 not coded
- oro11 14-11 51.6-52.3 ‘black
' 01100 14-12 §2.3-52.9 black
01101 14-13 52.9-53.6 black
01110 14-14 53,6-54.2 orange
01111 14-15 54,2548 red
10000 L 14-16 54.8-55.5 red
10001 14-17 55.,5-56.1 blue
10010 ; not codedr

56.1""56- 7



Wallops Designation Temperature Range(°F)

Tahle 4

Temperature For Line 15

~ Comments

10110

‘Binary Level
01011 15-11 52,3-52,9 black
01100 15-12 52;9453}5 black
01101 15-13 53.5-54.1 black
01110 - 15-14 54,1-54.7 + - orange
01111 15415 54.7-55.3  red
10000 15-16 55,3-56.0 red
10001 15417 56.0-56.6 brown
10010 15-18 '56;6—57.2 brown
10011 15-19 57.2-57.8 brawvn
10100 15-20 57.8-58.4 brown
10101 15-21 58.,4~59.0 ' blue
15-22 59,0-59,6 ' blue



Typically; mid-afterncon thermal data portray water aé the coolest and
bare soil; roads; and'concreté as the warmest scene constituents: Thié
arises because thé absorbtion of éqlar energy heats the asphélt and
concrete: Water is heated toﬁ;'but far less because of its high thermal
inertia. Healthy; traﬁspiring vegetation also appears cool, although not
as cool as water; because of the loss of energf through.transpiration.

The data processéd‘here are mofe typical of early morning dafa;'bécause
the solar input hﬁd only been effective since the dissipation_bf the overcést.'
Early.morning data_aré chéracterized by rapid wvariability of object temperature
caused by solar energy absorbtion: At some time early in the morning, a
"crossoyer" point is reached when the roads and bare soil (destined to be the
Warmest séene objééts in mid-afterncon bﬁt coolest in predawn} aﬁd the water
(warmest in predawn and coolest in midday) have‘neariy the same temperature,
This point is well illustrated in the data from Line 13;-where the pond
and the road have nearl& the same températﬁré.' |

Thérmal shadows ére véry prominent in this data: These shadows occur
in all thermal data because oﬁjects Shéltered from.thé sun do not heat-as
rapidly as those exposed to.the.sun.

‘in forested areas;.the thermal signal is quite variable because of the
' shadowing of one tree by otheré. ‘It is not unusual to see sunlit and shaded
halves of the tree crown in thermal data, aﬁd the rapid variétion-of‘signal_
caused by alternétely“scanninglsunlit and shaded portions of crowns must be

contended with in analysis,
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CONCLUSIONS _

This repoft has discussed the contouring of three.lines of forestry
data collected neer Wellops Statiom, Virginie in November 1970  The display
of this contoured data was made dlfflcult by the abundance of five detail
in the contoured results, An acceptabla dlsplay was generated by enlarglng

each contourlng separation 2,5 times before going to the color ozalld

display process. Calibration of each of the contouring levels was accomplished .

by referrlng to hot and cold reference plates, correcting the radlance of
these plates for their 0,9 emissivity, Because of the conditions of data
collection, these mid-afterncon data resemble closely typical mid~morning

data.
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