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CHAPTER I
PROBLEI! AND SCOPE OF THE INVIGTIGATION

This investigation of photographic methods of amerisl
seen-sres mapping was undertaken to develop & technlque
which will provide a satisfsctory map basis for planning
aserial detection routes and coverages. The results indicate
that seen-srea naps preparsd by ocular sketeching from 35 mn
high obliqﬁe serial photographs neet the requirerents of

accuraey and low cost,

Inportence of the investigstion. aireraft have
becn employed in the détection of forest fires since 1919,
but the use during the early years wss mainly opportunistic
and often lneffective. However, development of the asirplane,
particularly the ineresse in reliability and nerformance
and the decrease in oper«ting costs, has enhanced its value
in detection. This improvement in the airplane parallels
the development of conditions which nake aerial detection
nore desirable. The Increased use of air transportstion
and smoke junpers heve nrde the lookout~firensn system
obsolete over nuch of Region One, snd the growing obsoles;
cence of fire control facilitiaes, esnecially lookout

structures, poses the need for larse expenditures if the

existing system is retsined.
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It is thought that the integration of seriel and
ground detection will lead to a type of organization
better adapted to the new conditions end less costly to
maintain. Such integration can best bs accomplished by
the use of seen-erea maps, but has not been attempted
because a satisfactory technique for mavping seen areas
from serlal patrol routes was not available. The technique
developed in this investigation provides a method which
should prove satisfactory.

Limiting Conditions. A satisfactory method of aerial

seen area mapping must be {l) comparsble in cost and accuracy
to similar work done from ground points; (2) suiteble for
uss with plenimetric maps; end (3) susceptible to routine
ohecking.

Aerial seen-area mapping from high oblique photo-
graphs appeared to satisfy the foregoing criteris and so
was selected for investigation. The working hypothesis

wes, thet a technique employing high oblique photorrsrhs

#1111 provide & satisfactory method of aeriel seen-area

magging.

Possible solutionas. Four solutions differing

chiefly in the manner of photograrh internretation were

aveilable. These wers:
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(1) Oculer sketching fron individual photoprephs
(2) stereoscopic sietching fron pairs of photogrraphs
(3) Graphic anslysis by the prirciples of analytical
gaonetry
(L) :‘echenical-optical plotting with a nachine such
ss the "Canadian Plotter for Ligh Cblique Thoto=-

graphs,™ or the ™Mfiller 3ingle Lyeplece Flotter.”

The first solution is simple #nd no equipment is
reqdired; the second allows better definition of details
on the photograph but requires the use of & staereoscope;
the third is difficult to use and time-consuniing; and the
fourth requires special equipnent not readily availsble.
Therefore, only the first and second solutions were considered
worthy of investigstion. They were applied to two tynes of
photographs resulting in a test of four nethods of aerial
seen-area uapplng, as follows:

(1) Gecular skatci ing from 9"x9" photographs

(2) Ceulsr stetching from 35mn photographs

(3) Stereoscopic sketching from 9"x9" photographs

(4) stereoscopic sketching from 35rm photogranhs,

Stetement of the problen. The problen ceonsisted in

developing and eppraising photographic rethods of serial
secn-areca mapping by (1) conrarison of the relestive sccura-

cies of the saveral nethods; (2) deternination of the costs
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of those nethods which anpear feasible; end (3) consideration
of other factors which nlght affect the utility of the

technique.

Flen of the investication. A fleld test was nade

by flying over an ares on Lolo Creek, Il.0lo !'ational Forest,
.and photographing the terrain with two cameras, a Ilark Hurd JI,
9"x9", end a Contex II, 35 im, which represent extremes in
precision and cost of ogeration. The high oblique photographs
obtained were subsequently internreted by two methods‘and the
resulting deta were analyzed to obtaln cohparisons of sccuracy,
unit cost, eand suitabllity. The investigation is presented
in three narts: the fielgd procédure vvhich deals with the

test area, flight, and vhotography; the office procedure
describing tochninues of interpretation end analysis; and,
the sumnery and conolusions. The volume of suprorting dsta
1s too great to irclude with this thesis. The:ns data are

filed in the Library of tke School of Torestry, llontans Ctate
University.



CHAPTLR II

REVIZY OF TRLVIOUS WCRK &Y NOFTITIONS OF TUR™T USED

Pfevious to this investigation the only work done
on the development of techniques of aerial seen-area nanpling
was incidental to the serisl detection study niede on the
Coeur d'Alene National Forest. lio reference has been found
of attempts to use obligue aerisl photographs for the purpose
and replies to inquiries indicate that it is probable the
nethod developed in this investigation has nevor been used

for serial seen-area nspping,
ROVIEY OF TREVICUS T/ORE

The review of the pionecr work done on the Coeur
d'Alene National Torest was not restricted to published
literature. lianuscript reports in the files of the
Northern Rocky llountain Forest and Renge IZxperinent
Stetion were studied end sone sdditionsl information wes
obtained by correspondence end conference with menbers of
the Supervisor's staff, Coeur d'Alene Mational Forest. The
possibility thet similar work had been done by other fire
control organlzations was checked by letters of inquiry to

those known to make extensive use of aerisl fire nstrols.,

Coeur d'Alene aerial detection study. A trial of

serisl detection based on systemstic nlanning of routes
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and coversges was begun on the Coeur d*Alene Netional Forect
in Idaho during ths sumner of 1945 and has been continued
during succeeding fire seasons. A two million acre ares
of forest was selected for the trial and aircrsft were used
on scheduled flights over nredetermined routes to give the
sane frequency of inspection es afforded by ground lookouts,

The plenning of the flight routes led to development
of a method for determining flight courses, flight altitudes

1

end coverages. The procedure consisted in the nreperstion

of profiles from s topograrchic map st about one-niile intervals
approxinately at right angles to the nroposed line of flight.
These profiles were usad to adjust the flight courses and
altitudes in sn effort to obtain 100 rer cent coverage over
areas considered critical on tho basis of fuel type, special
risk, and leck of coverage fron estsblished lockouts. Sone
additional profiles were subsequently added to give further
coverage in certaln ereas. The resulting route seen-ares

nep was later checked and supplementéd by observers who
sketched the blind arcas from patrol airplenes. the tech-
nique used is called the Coeur d4'Alene nethod of aerial

seen-area napping in this investigstion.

1g. .. Hand and H, L. Harris, "T'relininery ieport
on Aerial Metection Ctudy,” Fire Control liotes, 8(1):23-30,
January 1947.




7.

The nethod eriployed was not entirely satisfactory
for mapping seen areas, as the followlng excerpt fron a
lstter written by Acting Supervisor S. C. Sanderson indicates.
He says:2

. « « We were never able to satlsfy ourselves that

ve were getting a completely accurste picture of

the coverage fron a plane. . . The seen area for

the observer was a picture which changed every second

and we found no way to measure this chenging picture

by mechanical means,

An examinastion of the Coeur d'Alene nethod of seen-
area napping discloses several lirditations. First, it com-
bines two distinct mapping techniques, map profiling and
observer-sketching, neither of which 1s §uited to the purposé.
The use of profiles rrepared from the tobographic map results
in a map representstion which 1s not equivelent to the area
seen by en observer flying over the route in an airplane
because such transects do not reproduce the visual cbne.
Observer-sketching is wholly inadequate. 1t the relatively
slow flying speed of 80 mbh, the observar has only 35 ninutes
to sketech the same area for which fron 3 to 5 hours is re-
quired by a nepper working from a fixed noint. The aerial
observer is further handicapped in that he cannot use en

alidade or field glasses.

23, C. canderson, Letter (I" rerial, Cd'a, Ceneral,
Coeur d'ilene National Forest, Coeur 4'alens, Idaho, Mov,
29, 1948), p. 1.
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The second limitation in the Coeur d'Alene nethod 1s
its dependence on the topographic nap. In Region Cne 30
per cent of the area has never been so nanped, and for another
50 per cent only obsolete topographie naps of doubtful accuracy
are avallable. Thus, the nethod is limited to uce on 20 per
cent of the-forestgd area of Regiop One.

' The third limitation in the Coeur d'Alene method is
the relatively high unit cost. ‘here the profiled seen ares
is checked by only one flight over the rou®~ the cost of the
nepping is ss great es that for photographic mapping, but the
sgeen-area map produced is not conpsarable,

As a technlque for serlsl seen-srea napping, the Cosur
d'Alene nethod has the following limitations: (1) It is
technicsll: lmperfect as the procedures asre subject to errors
for which there are no sdequate checks. (2) It cannot be
generally applied because of the denendence on & topographic

pap. (3) It is not an economical procedure.

Results of inquirles. Letters of'inquiry were sent
to fire control orgsnizations to deternine whether or not
seen-area napping had been done in connection with their
use of aerial fire patrols. The following questions were
asked:
(1) Are aerisl photogrephs used in deternining flight routes?

If so, are they vertical or oblique photogrephs and how are

they employed?
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(2) Are topographic raps erployed to develop seen-aroa mnaps
by profiling either before or after establishnent of a
patrol route? |
(3) Are profiles of tis terrain used in any nanner for deter-
nining the degree of coversge which can be obtsined on a
given route or at s given flight altitude?
(4) Are specisl conditions such as hazard, risk, sccess,
coverage by ground lookouts snd econonic value taken into
oonsideration in planning serial detection routes?®

Letters were sent to the Dominion Forest Cervice,
Departrnent of lines and Resources, Uttswa, Canads; the
Facific Northwest Forest and Renge oxperinent Station,
Iortland, Oregon; end the Superior lationel Forest, ily,
Yiinnesota. The replies indicats that serial detection
planning is done on the basis of hazard, risk, snd the
coversge supplied by ground stations, end that aerisl seen-

area napping has not been done by the organizations contacted.

NEFINITICNS OF TLRIS USH
The nature of this investigation makes necessary
the use of technicel terms, sone of which are not adequately

defined elsewhere.

The terninology used. The fire control terns used

are those defined in the Glossary of Terns Used in Tire

Control (1939) of the U. S. Departnent of &griCuiture;
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\
Forest fervice. The terms and notations used in the dis

cussion and interpretation of obligue seriel photographs

is thst of the !isnusl of Photogremmetry of the Anericen

Soclety of Thotogrammetry.

Definitions of specisl terms. The specisl terns

used in this investigation sre defined as follows;

Aeriel natrol route. A predeternired route followed by

en alircraft for the purpose of detecting forest fires
occurring on a given area.

Aerisl seen-ares nap. A nap representation of the area

visible to an observer looking through a prescribed arec
view, within & limite! redius frowm &sn sircraft flying a
predeternined route.

Blind erea. An srea where the ground is rore than one

hundred feet below the line-of-sight frosn the obsocrver.

Crazing sight. That portion of a line of sight which

is within 100 feet of the terrain, neassured vertically.

Intensity of covaraere. A neasure of the length of tiue

civen area is visible to an serial observer.
Seen area. An area where the ground is less than one hu
dred feet below the lims-of-sight fron the observer.

The terms "blind srea™ and "ssen area™ have been

0.

of

n—

re-defined for the purposes of this investigstion. Inclusion

with the seen area of those sreas blird by less than one

hundred feet tends to geunerslize the seen-area napning .
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This is desirsble since asn sircrsft provides an unstable
viewing position in constant notion in three directions;
the principal one forward on the lire of flirht, with lesser
lateral and vertical motions in response to stmospheric con-
ditlons, pllotage, and instrumental errors. Thus the course
is rever strictly reproducible. Also, grezing sight ocours
ﬁore often fron the elevated view polnt of en aeriszl observer
than 1t does from & ground point. Instesd of crossing cleanly
over the ridges, the line-of-sight often parallels the roverse
slopes uaking 1ldentificetion of the blind sreas difficult and
introducing into the Interpretation of the photogranhs an

exagegeration of the blird areas, particularly the riinor ones,
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Figure 2
drainage Map Of The te st Area
Leuo NATIONAL Forest
T 11,12,13 M., R. 21,22,25, 24 VI, M P.M
SCALE: 1 IMH = 1 MILE

Traced from U.S.F.S. and U.S.G.5. maps, 0*c. 1946

BM 4034

GRAVE CREEK

\ZN



CHAPTER III
THE FIELD PROCEDURE

This investigation of serisl seen-arca napping
enmployed & field test of four photographic nethods
selected es representing practical extrenes in equiprnment
end technique. The fleld test was chosen instead of a
theoretical study because 1t could answer rore of the

questions regarding precticability of the nothods.
I TOST ARZA ALD THST TFROCIEDURE

The test arns. An area for g field test viss

selected on the lLolo ational Forest in the drainages of
T.olo Creek, l'oward Creek, }Iish Creek, Craves Creek, and the
South Tork of retty Crcek (Figures l.and 2).

The topography is noderstely rough with en sversge
elevation of 5,000 feet sbove sea-level and a difference
in elevation of slightly over 2,600 feet. GSeversl drsinages
originate in the area cutting it deeply in different direc=-
tions and providing & wide variety of relief forns. !anping
has been completed by the Cenersl lLznd Office and the feo-
logical Gurvey, and a topographic map compiled by the U, <,

Forest Uervice in 1927 is aveilsble at the scalas of one-half

end one inch to the mile.
A further considerstion in seclecticn of the areas wvas

its accessibility. A well develored systern of fire roads
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facilitates entry for reconnalssance and chec:l.ge. 3y air,
the erea is 21 niles on true aziruth 247° from the llssoula

County Alrport.

Plan of field work. The plan for the field work pro-

posed two flights over the test area on true szinuth 270°
from .est Fork Butte Lookout; the first flight at an sltltude
of 7,500 feet snd the second at 9,500 foet, with the airplane
operated at its nininum air speed of 85 rmphe On each flight
15 oblique photographs, spaced at l2-second intervals with s
stop watch, were to be tgken with each canera. Thus, tre
plan called for the taking of 30 high obligque aerial nhoto-
graphs at each altitude, or a total of 60 rhotographs.

The airplane aveileble for the test fliglts vias the
U. 5. Forest Service four-place Beechersft, IIC 3021V, a low
wing monoplene of the "Bonanza" type. The strueturel charac-
teristics of the aircrsft allow photography from two positions:
from the bagrage door on the right side of the fuselage with
the camera at an angle of approximately 1000 right of the line
of flight, and fron the right front seat with‘the canera at
an angle of approxinately 37.50 right of the line of flight.

The photographic equlipmnent selected for the test
represented extremes in both precision and cost of operation.
A ller!. Furd, 1'II, serial carera with an £/4L.5 Goerz lens of

8.25 inches focsl length and using 9"x9" roll filri wes tb be
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used through the open baggage counpartment door snd depressed
at an angle of 25.59 from the horizon. The canera was fitted
with a spot bubble mounted on a wedge in the field of the
view finder to maintain the depression angle and level the
horizon line,

The camera selected for use from the right front seat
was a Contex II miniature with a £/2 Sonnar lens of 50 mn
focal length and using 35 nm roll film. It was to be used
with the lens Leld alnost against the plexi-glass wind screen

and depressed to glve the best high oblique coverage.

Tha test flisht. The plan for the field work was

exacuted Uctober 19, 19&8. The weather at the l’issoula
County Airport et 12:45 p. m., 0T, was:

Ter:perature, 700 ¥,

Barometer, 27.9" at elevation 3,186 feect.

WWind, dead csln. '

Visibility, ridge lines discernible at 15 niles.

Clouds, none.

The flight started et 1:30 p.n. with ¥loyd Bownean
as pllot, Ross .ungle es photographer in the bagrage compert-
nent (aerisl camera), and Aubrey Hrines as photosrapher in
the right front seat (35 mn camera). The visibility irproved
as the airplene gained altitude, snd at 7,500 fset definition
of detalls was good for 25 riilss or better,

"est Fork Butte was reached at 1:58 p.n. and the first

run wes started at 7,500 feat by the sltimeter. ™he pilot
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found & wind of 8 mph fron the southwest and estinated true
speed at 80 mph with flaps down.

Photographs were msde with the aerial camera on
Tastmen Aero film (Jest i speed 100) with a ¥-~2 filter at an
eperture of f/6.8 end & shutter speed of 1/100 second. The
LO-pound cemera was rested on & sponge rubber cushion to
absdrb engine vibration,

Photographs were made with the 35 rm canera on 3Jastnan
Panatonic X film (Jeston speed 24) with a G-4 filter st an
aperture of f/4.5 and a shutter speed of 1/125 second.

The photogrephy terminasted at a point directly over
Lolo Créek and southeast of l.olo Sﬁrings Lookout after epprox-
lnately 3.5 minutes of flight on course. The airnlane then
climbed to an eltitude of 9,500 by the altinmeter, srriving
egain over ‘/est Fork Butte at 2:09 p.rn. During the fiva
ninutes required to come into position for the second run
the 35 mm camera was loaded with 8 fresh film negezine with
sone time to spare.

The photography was repeated on the second run, after
which the airplane returned to !lissoula. Ths flight ended
at 2:34 p.nte, with the barometer still at 27.9" st the County
Alrport.

DATA OBPAINED AND OBSTACLIS EI'COUNTHRID

Data obtained. Altogether, 14 negstives of 35 mn

size and 13 of 9"x9" size were obtoined on the flisht st
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7,500 feet end 13 negatives of 35 nn size and 6 of 9"x9" size
were obtained on the flight et 9,500 feet. In eddition, 8
exposures were nede with the 35 rnm camera to check coverage
obtaineble with vertical framing snd the practicability of
photography esainst the light.

The 3"x9" serial photograph negatives are nunberad
0-1-1 to 0-1-13, 10/19/48, on the 7,500 foot flight and
0-1-14 to 0-1-1%, 10/19/48, on the 9,500 foot flight; they
are filed at the Northern Rocky licuntain Forest and Range
Experiment Stution of the U. S, Forest Service, lissoula,
liontana,

The 35 nm photographic negatives are numnbered 1-7500
to 14~7500.0on the 7,500 foot flight, and 1-9500 to 13-9500
on the 9,500 foot flight; they sre retained by the exparl-
nenter, C
Conteet prints were prepared from the 9"x9" ncgatives
(Figure 3), »nd 5.13x enlargenents wers prepared fro:n the

35 nm negatives (Figure 4).

Cbstacles encountered. Iieither the flying nor the

nhotography wes acconplished exactly es planned. The aircraft
did not enfer the test course directly over ''est Fork Butts
Lookout but &t & point 0.7 miles south of it. .ilso, the
southwest wind of 8 mph ceused a drift to the north so that
the track of the flight was on 284° true ezimuth instesd of

LY

2700,



PETTY Mt

%

7]

JiM

ITGURS 3
ihx)
A CONTACT PRINT FROM THSGATXT)) 0-1-13
Taken at an altitude of 7,500 feet with a Hark Hurd
IT aerial canera (8,25* Ions), The nones of the principal

drainages and control points are shown (Figure 2),
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Taken at an altitude of 7,500 feet ivith a 35 m
Centex Il Genera (50 mn lens). The names of the principal

drainages are shown (Figure 2).
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The large serial canera proved difficult to operate.
- The spot bubble responded so activsly t& the snall motions
of the sirplane thet it could not be kept centered. 'The
timing of the photographs was ressongbly good on the flight
at 7,500 feet but the camera was unsteady, resulting in
inconsistencies in the leveling snd depression sngle of the
individual photographs. An attempt to steedy the canera
better on the flight ét 9,500 feet delayed the photography
so that the series was not completed. The photographs
taken on the flight at 9,500 feet could not be used in this
investigation.



CHAPTER IV

THE OFFICE PROCEDURE

Only the photographs teken on the flight at 7,500
feet were used in the analysis. First the flight line end
the air stations were loceted, then the individual photo-
graphs and stereographic pairs were sketched, and finally
the mab representations of the seen areas were employed in

comparisons.

LOCATION OF THE FLIGUT IINE
Two techniques for locating the flight 1ine were
investigated; an approximation based on the topographie nap,

and a nmore exact photogranmetrio solution suited to use with

any ecourate map.

Approxinate location. The edvantages of this proce-
dure are simplicity and the fact that it can be used with
photographs which are distorted. Ilowever, it isvonly
approximate because of its denendence on the accuracy of the
topographie nap, the sltireter of the airplsne, end correct
nep loecation of two points shown on the oblinque photosraph.

The technique was enployed as follows: (1) Gne-~half
the lens angle was computad for thc :amera used in the photoge-
raphy. This was done by dividing the lersth of the principal

line, &as measured from the negative or » contect print, by
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twice the focel length of the lens, and then referring the
quotient to a table of natural tangents to obtain the
required angle, For the 9"x9" photograph 0-1-13 (Figure 3),
the length of the principal line P--pP', was 9,00 inches and

the focel length of the lens was 8,25 incres, So that

The angle = tan-l ,l.?s.-_°9. = tan-l 0,5454 = 28036'26"
166 X

Thus, 28036'28" is the balf-angle required.

(2) The half-angle was plotted oﬁ a piece of traecing paper.

This was reédily acecomplished by drswing a base line, A~-B,

and erecting a perpendicular to 1t at B. The distance A--B

was then multiplied by the natural tangent of the angle to

be plotted and laid off on the perpendiéular from B. A line

from A through the point B' thus located became a side of the

desired angle, which had for its other side the line A--B,

(3) The position of the principal point, PP, and the lower

end of the principal line, P!, was plotted on cross-section

paper at equal horizontal and vertieal scales, and a line

viag drawn across the sheet at the altitude of the flight.

(4) The tracing paper was placed over the cross-seection

paper and shifted until one leg of the plotted angle passed

through the plotted position of PP, the other through the

pPlotted position of P', and tbe apex of the angle rested
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on the line through the flight altitude. The apex of the
engle then occupied a position corresponding to that of the
canera at the time the photbgraph was taken. It was trans-
ferrad to the mep by means of the scaled distance fron P,
on the line PP-~P*', The determination of the air station
from which photograph 0-1-13 was teken is diagrammed in
Figure 5,

| In this investigatibn the epproxinate technique is
used for the location of the flight line because it can be
used with the 35 mm enlargements. Any discrepancies intro-
duced by dependence on the tbpogréphic map are assumed to
affect equally the four methods of mapping tested. The
flircht line and the air stations for the flight at 7,500 feet
are plotted on the rap in Figuré l. The direction of the

principal line of each photograph is shown by the arrow.

Photogrammetric location. This procedure can be used

with planimetrlc naps and gives very good results when enployed
with distortion-free contact prints. However, it proved un-
satisfactory with the 35 mm, 5.13x enlargenients, and so was
not used in this investigation.

The photogramnetric technique is described in deteil
in the Appendix and an example of its use with the 9"x9n"

photographs is presented.



Fliuh f oititude

FIGURE 5

LOCATION UF AIR STATION BY TUE APPROXILIATE
TECimiQUK FROM PHOTOGRAPH 0-1-13

(1) Points A, B and B* were plotted on a strio of tracing
paper so that the apex angle. A, was 28® 3/**
B-B** A-B tan 28036* = 1.64 inches.

(2) Points P* and PP were located on the topographic nap
by reference to photograph 0-1-13, and plotted in profile
at equal horizontal and vertical scales.

(3) The tracing paper was novod until A-B passed through
P», A-B* through PP; A was on the level of the flight
altitude. 'Ihe projection of A on the nap located the air
station fron which the photograph was taken.
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Lffects of incorrect location. No absolutc neasure

of the accuracy of the flicht line location obtained by the
approximate technique is available. Any error resulting
rrom locetion of the flight line should ect equally upon the
four methods tested.

At this point sone generalizations can be made regard-
ing the nature of serrors introduced by variations in align-
rient and eltitude of flight. The change is greatest in the
representetion of areas neerest the line of flight; the change
introduced by & varistion in altitude is much greater than
that resulting from san equal variastion in alignment; and the
'relative change is lessened by an increess in flight altitude.
In Figure 6 the percent by which the representation of the
blind area i3 changed is shown for altitude changes of 200
Teat and lateral displacements of 0.4 niles. Curves are pre-
sented for s flight at 2,500 above the terrain, and a nask
helght of 500 feet at distances between one and six niles
fron the flight line.

An gircraft in flight is subject to conditions which
will not always allow holding courss within ¥ 100 feet vorti-
cally and right or left 0.2 mile in alignnent, even with
skilled pilotage. & flight line can probably ba considered
reproducible only within very dbroad liuits, & concept whkich

hes an important besring on photograch interpretation.



10 20 30 40
Per cent of error

FIcaiRE 6

RELATIONSHIP BET\AEIl DISTANCE OF KRASKIITC TOPOGRAPHY*
AIR) PERC:AIITAGS CHZACJ IN BLIND DISTANCE PRODDCSD
BY VERTICAL AND LATERAL TI'OVENE''T OF

AN AIRCRAFT 2,500 FEET ABOVE THE TERRAIN

*Based on nasklng topography with a height of 500 feet and
90° to line of flight.

1, Due to 0.4 FJ.10 change In oligncient
2, Duo to 200 feet change In altitude.
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INTERPRETATION OF THE PHOTOGRAPHS

| The photographs were interpreted in two ways: by
sketching from individual photographic prints without visual
ald; end by sketching from stereoscopic palirs of photographle

prints viewed through = mirror stereoscopa,

Individual photographs. Interpretstion of the 970"

contact prints and the 35 mn, 5.13x enlargements was scoom-
plished by oculer sketching with the ald of 2 planimetrio

map at the scele of one inch to the mile, or an R. F. of

1:63, 360 (Figure 2). 3Zach photogreph wes sketched separately
on a sheet of tracing peper (Figure 7), the seen area was
cshaded green, and tick marks were sdded to insure correct
orientation in compositing. Sketchlng was done to a 7.5 mile
radius, which is probebly farther than an serial observer

can be expected to give adequate coveragse.

As previously nentioned, the term seen erea was re=~

defined to include those areas lylng less than one hundred
feet below the line of sight. The purpose of this was two-
fold: ¢to eliminate from the mapping those shallow blind areas
which would, if strictly interpreted, introduce into the seen=-
area nap a complexity altogether out of place when considered
in the light of the varlability of airersft flight; and, to
balance a tendency to exaggerate the blind areess in seen-area

napping. Thils tendency 1s not peculiar to serisl seen-~sres
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liffi SEEN AKUA AS Riil KiSKIITKD BY OCULAH B/BTCIlilHa

FHOK rilOTOGIIAPH 0-1-13
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napping but also appears in work dons from ground points.

Stereoscoplc pairs of photographs. The interpretation

of the stereographic peirs of photographs was eccomplished
in the same manner as for individual photographs except that
a Fairochild Tele~stereoscope was used as & visual ald. Only
the areas of overlap was sketched, so that the area mapped
from & palr was approximately.six per cent less than that
fron an individual photograph (figure 8).

The 9"x9" photogrephs were too large for convenlent
handling under the stereoscope apd had to be oriented sepa-
rately for right end left sides. It was elso n: - usary to
re~-orient to obtain stereo-vision in the near foreground as
the base was too wide (0.4) miles).

The 35 nm, 5.13x eniargements are a8 large &s oén be

convenlently used under the stereoscope,

MUIMERICAL AMD GRAPHIC COMPARISONUS
The following numerical and graphlic comparisons were

developed as bases for quantitative measurenents,

Nunerical comparisons. The accuracies of the methods

tested were compared by means of index numbers developed fron
the relationship baeatween the sketched areas and the ereas
found by profiling from the topographlc mep. For conven-

ience, the measurenents used in the comparisons were
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nessurenents of the blind distenoes. {ince the blind
distances are complenentary to the seen dlstences, the
aocuraoies'or thelir rerresentations are equivalent but
opposite in sipgn.

The nunerical obmparisons were nade ns followsa:
a profile was prepered from the topographic map locatlion of
the center line of tho.individual photogreph or stsreoscopic
pair, énd the horlzontal projeotions of the blird distsnces
more than 100 feet below the line of slght were measured in
miles and hundredths for a distance of 7.5 nlles fron the
flight line. ‘Then the blind diatano;s shovn on the sketch
were neasured on the conter line to obtain the totml blind
. distance napped. nlind'disténees on tre sketch which coin-
cilded with blind Qistances on the profile were next nessured
to determine the correctly sketched distances. The ratio of
the corractly sketched to the total fron the profile is mn
expression of the adeyuacy of the map-ing and 1s called
ggﬁig,é, The ratio of the total sketched to the totsl fron
the profile 1s en expression of the under or over rwppire
and is cslled rutio B, (Figure 9),

Ratio A indiostes fully adequate narning at 1.00 and
entirely inadequate mapping et 0.00; ratio B 1s also perfect
et 1.00, with any figure below that 1nd;cat1ng ﬁnder—napping

and any ebove, over-mappingZe The necessity for two ratios



FIGURE 9
CoMpuTATION Of RATIOS A AND B FROM

A CHEcCK PROFILE., PHoTOoGrRAPH O0-1-13

In fer*rr»3 a-j blind distance:
Ro+io A ="0"=0.798

Ro+io B = a 1.863
P

Profiled from mop P= 1.24
Correctly sketched C-0.99"
Total sketched B T T- 2.31"

DISTANCE, IN MILES

A The lines T\ represent i-he biind distances OS mopped btj ocudor
on /[’<? center//'ne™ of pho“o”~t'oph O'h/3.
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arises beceuse neither alone expresses sll the facts. For
example, 1f the entire area of a photograph is mapped as
blind, giving 7.5 miles on the center line, and the profile
shows only 1.0 mile, then ratio A becomes 1.00 felsely indi-
cating perfect mapping and ignoring the excess. Again, it
i1s possible to have a ratio B of 1.00 where the area mapped
is equel to, but not coincident with, the true blind area.

The two retios were combined 1nwan index number for
purposes of comparison. 'Where B was lesg thsn 1.00, the two
ratios were added and the arithmetic mean tsken as the index;
but when B was over 1,00, the reciprocal value was added to
ratio A eand the arithmetic meen teken. The index is not
entirely satisfactory as a numerical comperison because 1t
results in exaggeration in eny case where the ratios are
very dissimilar. The index was used only with stsble means

where a final cot.erison was required{

Graphioc comparisons. The determination of the effects

of multiple coverage and the optimum spacing for photographs
on the line of flight was approached through two graphiec
ocomparisons.

The effacts of multiple coverage on the mappihg done
from the 9"x9" photographs ware determined by selecting an
area‘common to 21l the photographs. Composlites were then

rnaede showing the seen area as mapred from 2, 3, 4, 5, 7, end
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13 photogrephs, corresponding to the spacings of L.96, 2.48,
1l.65, 0.83, and O.4) miles, respeotively, (Figure 10). The
per cent of seen area shown on each composite was used in s
.oonparison of the effects of multiple coverage.

The effects of multiple coverasge on the mapping done
from 35 mm, 5.13x enlargements was determined in the same
manner, In this case it was necessary to use an area common
to only 7 photographs ss the narrow lens angle of the 35 nm
camera prevented nore than that number overlapping on the
»Baﬁe area, Composites were made for 2, 3, 4, and 7 photographs,
corresponding to specings of 2.32, 1.16, 0.77, end 0.39 miles,
respectively.

The relationshlp between photograph specing and the
unit cost of mapping was determined through the use of
ooverage diagrams showing the extent and character of the
coverage aefforded by different spacings.

Diagrams were prepared for the 9"x9" photographs for
spacings of 4.96, 2.48, end 1.65 niles (Figure 11). The
coverage at 1.65 miles was so complete that no closer spac-
ings were required. A strip approxinately l.l miles wide
edjacent to the flight line was considered dead space below
the angle of the camera lens, Actually the dead space
varies with the sepsration between the camera and the

terrain. Data obtained from the coverage disgrams were used



FIGURE 10
COIPOSITIiS USED TO COIiPARS fJULTIPLE COVERAGES

Note: The total connon area Is A.37 square niles, thus
the per cent of seen area Is,

a: 3.96 « 90.6 93.7

Composites are from ocular sketches made from 9%x9"
photographs taken at 7,500 feet#



Double

Single

FIGUKU 11
CiiVuRAGJ DIACT?A:i FOR 9"x9'TnCTOGRAII!3
(8.25" L:1IS), s:'ACID AT 4.96 IDLS
A'ID FCRI''L. TO D!3 LIIE OF FLIGHT

Single f 58.0% Double, 10.6"5 Total, 68.6™
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to plot curves of the relationship between photograph spac-
ing snd the degree of area coverage (Figure 12),

Diagrams were preparsed for the 35 mm phofographs for
spacings of 2.24, 1l.12, anq 0.56 miles. The narrow lens
engle of the 35 mm canera Increased the dead space to 1.6
niles, Thg date obteined were used to plot a curve sinrnilar
to the one for the 9"x9" photographs.

Conposites were also used as bases for a system of
ratiﬁg the intensity of céverage obtained by a roving
detector. A selective compilation of seen-area sketches
nade fron 35 mn, 5.13x enlargements 1.12 miles apart was
used. The coversge intensities were indicated by coloring
the zones eoccording to the length of time they were under
observation. This rating system was not developed beyond

the sample shown in PFigure 13.
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FIGURE IS

AN AERIAL S EEN-AREA MAP S HOWIKIO INTENSITY
Op COVERAGE BY ZONES FOR 35MM PHOTO®*
CsOMM LENS) ALIGNED 377* RIGHT '

/

4
/9 T ¢

<c>
Lele Springs L.O
*P*ce

Color Coveroc®e Minutes

Red single 0.636

Oronge double [*672

Glue triple 2*508

Green guodruple 3*545



CHAPTIR V
LOULTS OF THE INVISTIGATION

The results of this investigation of serisl seon-
area mapping sre presented in three groups; the first
concarned with accuracy, the second with cost, and the third
with technique. An appraisal of the data leads to the con-
clusion that a method of seen-area mapping by ocular sketche
ing from high obligue aerial photographs provides a satisfec-
tory technique. Recomnendations are nsde regarding further

studies needed.

COrTARICCH OoI* ; CCURACIHS

The accuracles of photograsrhic riethods of aerisl
seen-area napping were deternined by (1) cormparison of nuner-
ical ratings conputed for the four nmethods under consideration,
(2) gross comparison of the representstion obteined by photo-
graphic methods with that obtalned by profiling fron the
topographic map, end (3) compsrison of the accurecies of
photogrephic methods with the accuracy of rs~rpine done fronm

ground points in the sane area.

l'hotogrephic methods. Numerlical ratings are given

for individusl photogreph intervretstions in Tables I, II,

I1I, and IV. Table V sumnarizes the ratings for the four

nethods on the basis of the arithmnetic means of the ratios
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TABIR X

AALYSIS OF ACY .CY CF 'HOTOGRATTI INTTRY RITATION

BY OCULAR JYsSTCHING FRCLI 97x9" COMNTACT TRIFTS

Jilles blind on centerline
Fhotographs lap Correctly Total Ratio Al natio B2
rofile GSketched Sketched

0-1-1  0.82  0.37 1.03  0.452  1.255
0-1-2 0:39 0.08 0.71 0.205 1.820
0-1-3 1,14 0.29 1.08 0.254 0.947
O-1-4 0,60 0.47 1.34 0.783 2.230
O=1-5 ' 0.78 0.58 1.60 0.7k 2.050
0-1-6 0.75 0.43 0.64 0.573 0.853
0=1-7 0.64 0.63 2,01 0.984 3.140
0-1-8 1.09 0.96 2.37 0.881 2.175
0-1-9 1.38 1.75 2.90 0.883 1.465
0=1-10 1.84 1.18 2.48 0.641  1.348
0-1-11 1.06 0.65 1.82 0.613 1.717
0-1-12 1.88 1.21 2.31 0.6L1, 1.229
0-1-13 1.24 0.99 2.31 0.798 1,863
Total | 8.455  22.092
llean 0.650 1.699

lmis retio is computed by dividing the niles of blind
distance correctly sketched by the true miles of blind dis-
tence obtained from the map profile.

2This ratio 1s computed by dividing the total nilaes
of blind distance sketched by the true rilles of blind distance
obtained from the rep profile.
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TABLE II

ANALYSIS OF ACCURACY OF FHOTOGRAPH INTIRPRETATION
BY STERLOSCOFIC SISTCHING FRCH 9"x9" CONTACT PRINTS

ifiles blind on centerline

Photographs 1ap Correctly Total
Profile ketched Sketched Ratio A Ratio B

0-1-1,2 0430 0.16 0.78 0.533 2,600
0-1-2,3 0.57 0.42 0.7k 0.737 1.299
0-1-3,4 0.61 0.38 0.57 0.622 0.934
0-1-4,5 0.99 0.61 0.68 0.616 0.687
0-1-5,6 0.73 0.52 0.82 0.712 1.122
0-1-6,7 0.96 0.8,  0.73  0.875  0.968
0-1-7,8 1.43 0.98 1.51 0.685 1.055
0-1-8,9 1.66 0.91 1,38 0.548 0.831
0-1-9,10 1.93 1.25 1.98 0.647 0.994
0-1-10,11 1.42 0.95 1.51 0.669 1.062
0-1-11,12 1.36 0.99 1.62 0.727 1,191
Owl-12,13 1.81 1.31 1.82 0.724 1.010

Total 8.095  13.753

liean 0.675 1.1L6
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TABLE III

ANALYSIS OF ACCURACY OF VPHUTOGRAPH INTERVRETATION
BY OCULAR CKETCHING FROM 35 MM, 5.13X ENLARGEMENTS

= A s i e —p —

L T — ——— — —

Miles blind on centerline

Thotograph llap Correctly Total Ratio A Ratio B
Prqrile Sketched Sketched

1-7500 1.26 ° 0,67 0.70 0.532  0.556
2-7500 0.92 0.22 0.95 0.239  1.033
3-7500 0.54 0.15 0.90 0.278  1.667
4~T7500 Lk 0.73 1.08 0,507 0,750
57500 1.83 0.73 1.11 0.398 0,606
6=7500 1.45 0.92 1.18 0.634,  0.813
7-7500 2434 1.55 1.88 0.662  0.803
8-7500 2,58 1.82 2.37 0.705  0.918
97500 2,04  1.82 2.2,  0.892 1,098
10-7500 1.97 1.72 2,28 0.872  1.157
11-7500 2,66 1.91 2.32 0.718  0.872
12=7500 2.7h 2.01 2.09 0.734 0.762
13-7500 274 2.13 2,28 0.777  0.832
Total 7.948 11,817

Mean 0.611 0,909
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TABLE IV

ANALYSIS OF ACCURACY OF THOTOGRAPH INTERTRETATION
BY STEREOSCOPIC SKETCHING FROII 35 171, 5.13X WNLARGEMZITS

Miles blind on centerline

Photographs 1'ap Correctly Total Ratio A Retlo B
Profile <cketched Sketched

1,2 =7500  0.97  0.73  1.23 0.752  1.268
2,3 =7500 1.04  0.42 * 1.30 0.404  1.250
3,4 =7500  0.79  0.62  1.60 0.785  2.025
L,5 =7500 - 1.77  1.04  1.87 0.587 l1.056
5,6 =7500 2,17 1.3k 1.77 0.617  0.815
6,7 =7500 2,10 1.6 2415 0,695  1.023
7,8 =7500 2,61 1.8,  2.06 0.70L  0.789
8,9 -7500 2,29  1.89  2.25 0.825  0.982
9,10-7500 2,08  1.90 2.2l 0.913  1.062
10,11-7500 2.2  1.85 2437 0.76L  0.979
11,12-7500 2.51 211 2.86 0.840  1.139
12,13-7500 2¢94 | 2,78 3.02 0,945 ~1.oz7
Total 8.779  13.415

liean 0.732 1.118
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COIPARIEQN OF ACCURACY O 1 HGTOGRATH INTLRPRLTATICNS

BY FCUR 1STHODS

(Sunmery data from Tables I, II, III, and 1IV)

Y"ethod Natio A Ratio B Index
Ocular sketching:

9mx9*" contact prints 0,650 1.695 0,619

35 rnn enlarcenents 0.011 0.909 0,760
s.tereoscopic sketching:

Ivx9" contact rrints 0.675 1.146 0.776

35 rua enlargenents 0.732 1.118 0.813
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and the index nunbers obteined fron them. Thae wor!: of
interpretation wes accoriplished in the same order in which
the riethods ere listed.

The 1ndex numbers indicate that @ bies ney have been
Introduced by the incresse in sketching rroficiency as the
work progressed, despite precsutions tsken to elininste such
an effect. In particular, there was considerable over-
napping in the first group, as shown by the B ratios in Table
I. It is probable that the reting for oculer sketching fronm
9"x9" photographs would have been hisher on the basis of
equal sketching proficiency.

Better results were obteined by storeoscopic sketching,
but not enough better to justlfy the incrsase in cost of
interpretation. In genersl, 1t arpears that persqnal skill
in interpreting the photographs is & nore importsnt factor
in the results obtsined than is the type of rhotorranh or
the mathod of interpretation. Any photosranh with rood defi-
nition cen probably be used satisfactorily. There apposrs

to be no sinfulesr differencs in the methods on the bacis of

accuracy.

frofiling frorm torosraphic r@ap. The only co.erison

possible between the nhotorraphic nethods of aserisl seen-
area napping and profiling from the tonosraphic nap wes a

gross comparison of the representantion of & comnon area.



L8,

an srea of 4.37 saurre niles ic comon to the 13 nhoto-
€raphs of 9mx9" size. . seen-srea nan prepared from orofiles
epeced end directed in the sare ranrer as the photographs,
showed a seen area of 3.81 square niles, or 87.2 rer cent.

In Table VI the aseen araa rerped by ocular sketching increases
fron 90.6 ner cent whsra two rhotographs ar; used, to 93.8
per cent whera 13 are used,

¥or the 35 rnn photogranhs an sraa of L.26 square niles
is comnon to 7 rhotorrsrhs. In this emsse the profiled seen
area is 2.63 square niles or 61.7 per cent., Table VII shows
that the seen ares nappsd by oculzr sietching incressas fron
68.7 per cent where two photogrechs are used, to 70.6 per
cent where 7 are used.

In both exanples, narring fro-. nhotogrrphs reprecented
the seen sres as larrer than found by profiline. This 1s to
bs expected as the caners view, like hunsn vision, is a cons
which allows sorie nargiral sight behind eny obJect not exasctly
on the centerline. The close agreerisnt of the represehtations
of tho seen ereas unapped by photograrhic rmethods with those
deternined by profiling indicstes that the relisblility of
seen-area nans produced by sketching fron rhotogsraphs nay

he hirher thsn the nunerical ratings supnrose.

:'aoping fron ground noints. A cornparison of the

nunmerical retings for the four riethods of aerial seen-sres

ranrine with sinilar ratirgs for seen-srea nanring done



TIEBIJB VI

#FFACT OF LULTIFLE COVERAGE ON THT RiIPRuSENTATION

OF THE SEEN AREA BY OCULAR SYETCHING FRO!M

9n"X9"™ PICTOGRAPHS

LI,

Nunmber of separate

photographs Totel Seen Yercent of
covering the safie areca aroa area totel seen

13 : Le37 L,10 93.8

7 4.37 L 04 92.4

5 L.37 4.03 92.2

L L.37 Le03 7242

3 L .37 3.96 90.6

2 L.37 3.96 90,6
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TABLx VII

BYFLCT OF MULTIILYE COVURAGE ON TH. RuFRESITATION
CF T3 SEEN ARLA BY CCULAR CUNETCHING FROU
35 117 PHOTOGRAFHT

Yumber of sepsrate Total ereas SJeen aresa Percent
photographs in in of
covering sane area 8q. mliles 8q. f1iles totsl seen

7 L .26 3.01 70.6
L L.26 - 2.95 69.2
3 L .26 2.97 69.7
2 L.26 2.93 68.7
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from ground points gives a basls for further aporaisal of
the accuraey of photogreriie s.athods. The seen-area raps
for two lookouts situated in the test erea were obtained
and profiles prepared at 200 jntervels as the basis for
nunerical rating.

The lookouts used were Lolo prings end Hést Fork

Butte. The mepping was done in 1334 by . u. Hoffland using

the technique developed by Lloyd lLiornby in Fire Control

Ilanning in the MNorthrern Rocky !‘ountain Recion. Teble VIIIX

shows the ratings for 12 check lines, 6 from each lookout,
in the test area. The ratings for lolo Sprinegs lookout
(check lines A throuch F), wh:;n the narper worred fron an
established station, £lve an index nunber of 0.942. The
ratings for est I"ork Butte (checi. lines ¢ tlroueh L), which
was not a lookout et the tine the napning was done, rive en
tndex numbor of 0.794. 'est Fork Butte presented no pertic-
ular mapping problem es the point is a rocky ridge free of
masking timber; hence, it 1s reasonsble to supnose that work
done under more difficult circunstences, as fronm a tree top,
would show an even lower rsting.

The results of this investigation indicate thst the
accuracy of photographic methods of serial seen-ares napping
ia fron § to 25 per cent less than the accuracy obtasined by

an experienced napper working under good conditions from a

ground .oint,
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TABLE VIII
ANALYSIS OF ACCTRACY OF SIEWN-ARLA "AFPING FROIHU

T70 GROUTD TOINTS*

!les blind on clieck line ngtio A I'atio B

Check linet 'ap Correctly Total
profile sketched sketched

A 5.45 L83 5.43 0.886  0.996
B 6.72 6.L6 6.76 0.962  1.005
c 5.55 5.33 6.07 0.960  1.092
D 6.49 6.15 6.32 0.947  0.973
E L .84 4.05 Le7R 0.837  0.275
¥ 4475 L .22 5,12 0. 3 1,078
c . L.98 [ReTR 5.38 0.989  1.080
Il 4.99 Leld 6.2)  0.879  1.24,2
I 2,42 2.33 5,09 0.962 2,102
T bo48 L.16 5.00 0.928  1.130
¥ 275 1.79 3,42 0.651  1.243
L 2,70 2.55 L.98 0.944 1,850
Total 10.853  14.846

I‘ean 0.904 1.220

*Based on work done by R. . Hoffland, usins the tech-
nique developed by Lloyd lornby.

lcheck 1ines & to P, incl., are from I.olo Srrinegs Look-
out (seen-srea study 110, Lolo 'atinnal Forest), and check
1ines G to L, incl., ere from '‘est York Butte Lookout (seen-
prea (tudy 117, Lolo Lational Torest),
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COMPARIBOIT OF THIT COSTS

The unit costs of photographic methods of aerial seen-
area napning were deternined by (1) comparison of the unit
costs for the four methods under consideration, (2) conpari-
son of the unit costs of photographic methods with probable
costs for the Coeur d'Alene nethod, and (3) conmparison of the
unit costs of nhotopranhic nethods with those for nappine

done from ground roints.

‘Thotographic nethods. The comparison of accuracy did

not show a slgnificent incresse in accurecy with stereoscopic
interpretation of the photograrhs. However, Table IX shows
that the cost of interpreting the photographs is naterially
increased by the use of the stereoscopa. The increese
snounts to 41 per cent for the I"X9" photogrephs and 111 per
cent for the 35 nn enlargenents. The two nethods of napping
enploying steraeoscoplic interpretation were not considered
further since it was apparent thet they cost too nuch in
relation to any incresse in accuracy galned fron thelir use.
"he problen reraining was the deternination of tho
cost per square mile for eeriesl seen-aroa nmanning by the two
methods employing ocular sketching. The cost contains two
elements: fixed costs represented by alrcraft and camers
rentals, salary of the photographer esnd project expensas;
snd, variaeble costs represented by film end processing costs,

interrretation snd comnilation.



TABLE IX

COI'PARISCN OF COST OF FHOTOGRAFH INTORIRATATICHS

BY FOUR METHODS

5k

s’ethod Time in Cost* ires in Cost per
Uinutes sq. niles sq. rile
Ocular sketching fron:
9"x9" contact nrints 30 .[0.750 27.21  "0.,027
35 ry1 enlargenents 15 0.375 14.32 0.026
“tereoscoric shetching fromn:
9"x9" corntact prints L0 1.000 26.45  0.038
35 nm enlargenents 30 0.750 13.62 0.055

*Coriputed at tha rate of {1.50 per hour.
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The costs for the I"x9" camera, not including
interpretation, are:

(1)

(2)

Fixed costs, per minute,

Beecheraft, L-place "Bonanza™ with
“pilot end fuel, £12.50 per hr., $0,208
Hark Hurd II, 9"x9" aseriel camera,

$14.00 per day, . 0.029
#erial photographer, 2.22 per hr.0 0.037
Total, 0.274

Varisble costs, per photograph,
9"x9" aeriel filn, {27.36 per roll, 0,274
Devaloping, ¢4.00 per roll, 0.080
T'rinting, 0.L50
Total, 0.804

The costs for the 35 mn eenmera, not including
interpretation are:

(1)

(2)

Fixed costs, per nminute,

Beechecraft, L-place "Bonsnza" wlth

pilot and fuel, :12.50 per hr., £0.208
Contex, 35 mm (f£/2, 50 mm, or £/8,
28 rn), csnera at 1 per cent, 0.001

Aerial photographer, $1.50 per hr., 0.025
Total, 0.234

Variable costs, per photograph,

Panstomic X, 35 mm film, $0.90 per

36 exp. roll, 0.025
Developing, $1.50 per roll 0.042
Enlarging to 5.13x, 0.250

Total, 0.317
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Table X converts fixed snd vsrisble costs to costs
per square mile of napping. addition of the c=:: ~f photo-
graph interpretetion fron Tsble IX.éives the tctal cost per
. squeare nile. The totsl costs for several nethods and nhoto-
egraph snacings are given in Tebles XI and JI.

The costs for tle 9"x9" cenera sre given for only
one side of the flight line because it is impracticel to
photograph two sideé with such heavy equinnent. FHowever,
the cost per square nile conperes favorably with the cost
of mapping done with the 35 rn cenera. Table III gives
the unit costs computed ror'the 35 nn cenera with a 28 nn
lens. The data were based entirely upon the broader cover-
sges possible with the 28 nm lens; no test photosraphs were

taken with it in this investigation.

Coeur d*ilene method, Actusl cost data for the

serial seen-area rapping done on the Uneour d'ilene I'astional
Forest were not avéilable but an estinste based on the
techniques enployed wes nade.

'rofiling fron a topographic map can be done at the
rate of l.) niles of profile per ninute. Thus, the cost
por nile oif nrofile is ::0.023, with labor &t .:1.50 per hour,
'{th rrofiles sraced one nile apart, the cost of nrofiling
becones U.,023 per square '.ile. To this nust be added the

cost of the chcc Dby observer-sietching.
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FTLYING TTE &ITD ITII3UR CF ITIOLCCRANHS 3 UIRUD AT 80 171,%

BY TWT 8 AND OPACTUG OF TTHOD0ONRAITO

Cariera l hotogrsphs Tlvine tine roxr sn. nile
end photorraph per Une side ™0 sldes
spacipg square nile cinutes ninutes
9"x9", 8.25" lens:t
L.96 riles 0,033 0.1445 ——-
2.48 niles 0.0662 0.1231 ——-
1.68 niles 0.1262 0.1175 -
35 ruiy, 50 1 lens: 2 '
2424 niles 0.1071 0.1977 C.0983
1.12 miles .0.1980 0.1830 0.091L
0.56 miles 0.3392 0.1780 0.0889
35 nn, 28 nn lons:?
2.2 niles 0.0730 0.1337 0.0678
1.12 niles ‘" 041210 0.,1277 0.0638
*por e spced of 150 mph, nultiply values by 0.533.

1Canera axis

2Capara axis

e1i7ned 900 fronm the lire of flipght,

allrned 7.9 fron the line of flight.
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~aBLA [T

RALATIONSEIP B.OT/2@! PHCTOGRATHE SEACING AND COSTH
OF I"ATPING JITH A 9" X 9" CiMIRA ITH 8.25" LIS
ALIGECD 90° PROI Mis FLICHT LIS

— e

Spacing Cost per sgusre nile Cost ner souere nile
in niles st 80 mph at 150 moh

One sidae ™o sldes One side ™o sides

L.96 0,098 - '0.052 ——
201&8 Oolll{, - - 00061 e - -
1.65 0.161 -— 0,086 -
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T‘ﬁ‘ r: . ‘3 }:I I

RILATIONTLIP BaT . I PHOTOCRAPE <I'adI™ 6 Q™ COST*
OF [ AYTING CTITH 4 35 177 C.ullila ISH 50 170

L3NS aLICHTD 37.5° FRCI Tié FLIGHT 1INT

Speecing Cost per square mnile Cost per squsre nile
in niles st 80 mph et 150 mnh

One side Two sides Cne side Two sides

2Q2‘b :&0.1.07 :"0.0814» : 0.057 .0.0bs
1.12 0.137 0.115 C.073 0.061
0.56 0.176 0.155 0.094 0.083
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TABLE XTIX

RALATIONCHIP BaT 0 1 HOPOGRATH < ACIMG A'D CONT*
OF MATPING 'ITH 4 35 174 C™R4 'ITH 28 1mt
LING ~LIGHN.D 37.50 FRO T FLIGUT LINE

Spacing Cost per squere nile Cost per squsre nile
in miles at 80 mph at 150 mph

‘One side  Two sides One side Nvo sides

2.24 :*0,082 0,066 0.0k L 20,035
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If flying is based on the rental of the Beechcraft,

L-place "Bonanza" used in this investigation, the rate for
the aircrart is 4£0.208 per minuts. Howevei, rentals on tha
sircreft actually used veried from $20.00 to $40.00 per hour
or 20.333 to {0.666 per ninute. The rate for the observer is
$0.025 on the basis of $1.50 per hour. »At a speed of 80 mph,
the cost per sguare nile for the observer-sketching is $£0.012
where the Beechcraft is used, and {0.018 &nd ﬂb.OBh, respece
tively for the two sireraft with higher rentals. The Coeur
d'Alene method, on the basls of the lowest sircraft rental,
costs £0.,035 per squarg mile with the observer checking a
strip 15 niles wide. A conperison of this minimum cost with
the figures in Tsbles XY, XII, and XIII shows that the nini-
num cost of photographic mapping varies from £$0,035 to #0.052,

depending on the technique employed.

I'anping from ground points. The coat of photographic

nethods of aserisl seen-srea napving can best be judged by
comparison with the cost of seen-area mapping done from
ground points. The MNorth Idaho Fire survey3 provides data

on the costs of such mapping for similar terrain conditions.

3Z.Iass, ¥red li., "Plen Sumnsrization, Vorth Idaho *ire
survey, 1934-35," (AG(o)¥C end TP, Legion I, T, 8. Forest
Service, i‘issoula, iontsna), unnumbered suiary sheet,
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The project consisted in the marping of 423 polnts covering
3,416 SQuare niles. The cost wes $£25.47 per point which is
equal to $0.103 per squere nile on the basis of LO per cent
seen area (282 square miles) per point. That firure is for
1934 snd rust be doublad to make it conpsrsble with the cost
determined in this investigation. Thus, {0.206 per square
nile is the probeble cost of equivalent seen-srfea mapring et
the present tine.

The cost per squars nile for the liorth Ideho Fire
Survey contains three clements: mavping, 38.8%; travel time,
43.4%; and supervision, 17.77%. Since the costs comnuted for
the photographic methods do not include travel time and supor-
vision, s falr conpsrison can only be nede on the bssis of
napping costs. The napning cost for seen-area nanping from
groind points should be consideored as 30.053. This is a
severe oriterion but one which photographic seen-area manping

con maet ag Tables I sand XII show.

COIPARICON . 07 COV.RAGHES
The coverages obtained by the sseverel rnethods of
serial seen-arees napping werae deter:mined by (1) conpsrison
of the effect of srecing on the intensity of coverage ob-
tained, and (2) conparison of the coveragae distribution as

affectad by the photograph sngle.

Uffact of sracine, The intensity of tre coversece
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obtained is important in two weys: it affects the reliobility
of the nep representation of the seen srees, and it provides
a tieans for rating the effectiveness of serial detection.

The relationships between photogreph spacing end the intensity
of coveresge obtained by the photograrhic nethods of nenping
ere shown in fables IV, XV, and XVI. The coversge cannot
reach 100 per cent becauce of the doed srace below the lens
angle. The sllowance for derd snece is lL.L rer cernt for tre
8.25" and 28 rur lenses, and 26.7 per cent for the 50 1 lens.
The sllorance is probably in excess of the actual desd space
in nost instences. The spezcings used in Table IT ara conven-
iont nultiples of the avorspge distance betwean the 5™x9"
photographs (0.413 niles). The sracings used in Tables XV
and XVI are nultinles of 0.23 niles.

The nost econorical spacing for the photogsrephs on
the line of flipght wes deternined by ncens of en erbitrary
decisjion regarding the intensity of coverage necessary. The
coverage decided upon was nine-tenths of double or better
over the mepped area. In Table "IV, only the spacing of 1.65
rniles gave such coverage (77.5 ¢ 85.5 = 0.906), but in Table
XI, the rinimun cost for thet £psecing was 0,086 per squsre
nile; a frigure considersbly ebove the snount for eround

~

pepping ( 0.053). Thus, tke use of oculsr sketcling fron

9"x3" photorsrarhs was elininrted as too costly.
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TABLLE XIV

RELATIONSHIP BETTEEM IIIOTOGRAPH STACING AND CHARACTTR
CF COVIRAGE OF A 9"x9" CAlZRA JITH 8,25" LIS
ALIGNTED 90° FROL THI LINZE OF FLICHT

- s

Cpacling Ter cent of ares covered?l

in niles  Single Double Triple ~usdruple £ Total*

2.48 L3 35.2 2l.4 ——- 80.9
1.65 3.0 15.8 16.4 L5.3 85.5

*Coverare cannot exceed 85.6 per cent

lBased on a strip 7.5 miles wide, of which 1l4.4 per
cent is considered dosad spnace.
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TABLYE XV

RELATIONSHIFP BEITJ/EDN FTIOTOGRATTI STACING AI'D CHARACTHR
OF COViLRAGH OF 4 35 121 CAITIRA JITH 50 ITi LINS
ALIGN.D 37.5° FROI THi LIV OF FLICET

Spacling Par cent of area cnveredt

in niles Single  TDouble Triple nuadruple +  Total*®
2.21& 2909 33.0 008 o0 o= 63.7
1.12 10.2 13,2 23.2 22.2 68.8
0.56 L5 5e9 503 56.4 71.1

*Coverago cannot exceed 73.3 ner cent.

lpased on a strip 6.0 nmiles wide, of which 26.7 ner
cent is considered dead space.



66 .

TADLE XVI

RoLa™TOHSHIP BWIJEEN THOTOGRAYI STACING AlID CHAR.CTA
CF COVIERAGE COF A 35 1T Cliis I 28 177 Luvs

sLICHZD 37.50 FROU THD LTINS CF FLIGHT

Spacing Ter cent of ercs covereat

in miles Single  Double ‘frirle “uedrunle 4 Totsl*
2.25 lg.l} 2803 3107 0.1 78.8
1.12 7.0 9.2 11.5 549 £2.6

*Covarage cannot exceed 85.6 per cent

1Besed on a strip 6.0 niles wide, of which 1l4.4 par
cent is considerod dead spaco.
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Continuing with Table IV, only the spacing of 0.56 nriles
gave the desired coverage .(66.6 + 71.1 = 0.9236), but agaln
the cost for the spacing was too high. (£0.033 per square
mile in Table XII). The use of the 35 mm cariera with the 50
s lens was & 1so eliminated.

In Table XVI, the spacling of 1.12 niles gave the desired
coverage (75.6 + 82.6 = 0.915), and in Table XIII the cost
of the spacing waes found to be 40.042 per square nile. Thus,
the use of ocular sketdhing from 35 nn photographs taken with
a 28 rin lens and spaced 1,12 niles apart slong the flight
line appeared to be within the allowable 1limits of cost,

The use of a technique which insures double or better
coverasge over nine-tenths of the naepped area nskes the nanpad
reprasentstion of the seen areas rore reliable. In addition, -
it provides a means for rating the intensity of coverage in
terns of the length of tine any portion of the area is undser
observation by the serial observer. .n exarnple of lntensity
of coverage rating is shown in Eigure 13. It was develored
fron the ocular sketches rade fron 35 mri nhotogranks taken
with the 50 ru: lens, and 1is based on a soacing of 1.12 niles,
The use of an adequate spacing (C.55 miles for the 50 nn
lens) would have notiriasll: - ncressed the intonsity of cov-
erage shown,

The value of rating the intensity of coversage lies in
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the comparison which it nekes possible batween serisl detec-
tion snd ground detection. On the bassis of 150 square niles
of seen area for a ground station of average covarags, and
8 time of 20 minutes for & conplete .swaep of the terrain,
the coverage per minute is 7.5 scuare niiles. The lenscth of
time required by sn seriasl observer to give egual coversge
et a speed of 80 nph, i8 29.5 < 7.5 = 3.93 minutes; where
29,5 1s the approxinete number of square miles within a
visual angle of 60° to & radius of 7.5 niles.

Tha rating of intensity qf coveraga cannot be given
adequate treatnent in this investirstion, and wust renein

‘for future study.

Coverage distribution. Another invortant consideration

was the distribution of the coverage obtained by methods of
aerisl seen-area napping. The two casners anrlec enployed
yielded coverage patterns which were entirely different.
Photographs taken with the lens aligned 110° from the flight
line yielded coverasges which were nost intense near the
outer edges of the flight strip. T’hotographs teken with the
lens aligned 37.5° from the flight line yielded coverages
which waere riost intense nidway between the flight line end
the outer edge of the strip.

Reference to Figure 6 shows that the effect of flight
errors is createst near the flight line. Thus the carera

ancgle which gives the best coverage nesr the flight line
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appears preferable. The multiple coverasge then strensthens

the nap representati n at the point where riost needed.



CHAPTER VI
SULMIARY AND RICOITENDATIONS

Summary. This investigation of photograpbic methods
of aeriael seen-sres napping was undertaken to develop s
tochnique which will provide a satisfesctory msp basis for
planning eeriel detection routes and coverages. The problem
consisted in developing and appraising photographic nethods
of aerlial seen-area napping by (l) comparison of the relative
accuracies of the several riethods; (2) determination of the
costs of those methods whieh appeared feasible; end (3)
consideration of other factors which might affect the utility
of the techniqgue.

A practical solution apneared to be sketch napping
from oblique aerial photographs taken st intervals along
the proposed flight route. <The appasrent advantages of such
a solution were that it could be used with any reasonably
scocurete map, would provide & permanent record of the obser-
vers' view, snd would allow the sketching to be done in the
office under good working conditions.

The investigation consisted of a field test followed
by en office analysis of the results. The field test was
nade by flying over en area on lLolo Creek, Lolo !'ationsl
Forest, end rhotogravnhing the terrain with two caneras, a

9"x9" Mark Hurd end a 35 nm Contax, renresenting extrenes
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in precision and cost of operstion. Photogrsphs were taken
at anproximately O.4 rdle intervals along a predetarmined
route five miles in length. The larce merisl camera was
used from the open baggage compartment door at sn sngle of
100° right of the flieht line and depressed 25.5° fron the
horizon. The sriall 35 mm camera wss usaed fronm the right
front seat of the airplane with its axis at an ansle of 37.5°
right of the flight line. |

The two types of photogsraphs obtained on the test
flight were interpreted by two methods, ocular sketching and
stereoscopic sketching, both based on a drainage map of the
erea. The interpretstions of the seecn-areas werae then con-
parad with profiles from the topogravhic map to determine
the relative accuracies of the four comnbinations. 1nit costs
were computed for those that appeared feasible, and other
factors, such as the optimum spacing of the photogrephs,
rerrect of the camera angle, and flight speed were consldered.
A comparison was also nade betﬁeen serisl seen-area rapping
and seen-areas napping done from ground points.

The results of the investigation led to the following
conclusions:

(1) Aerial seen-area maps of sufficilent accuracy for planning
detection routes and coverages can be nade fron high oblique
serial nhotosrephs. The type of photogrerh is not inmpnortant

as long as detalls can be readily defined.
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(2) Ocular sketching from a drainere nap provides a satis-
fectory technique for interpreting high oblique aserisl
photographs. Stereoscovic sketching provides a nore accu-
rate raepresentation of the seen sraoss but the gein in
accuracy is not commensurate with the increase in cost.
(3) The cost of aerial seen-sres nmapping is comparable to
the cost of seen-area mapping done from ground noints. The
cost of satisfactory procedures varied fron 4.2 to 8.6 cents
per squere nile, depending on the degree of coverage. This
conpares well with the average cost of 5.3 cents per square
mile for the mapping done on the liorth Idaho Fire Survey,
a project involving 423 ground points.
(4) Adequate coverage for aserial seen-ares nanpping is pro-
vided by photogrephs spasced so that nine-tenths of the area
is overlapped. A canera angle of 37.5° fron the line of
flight glves bettar coverage than a 900 angle.
(5) Photographic aerial seen-srea napring provides a basis
for rating the intensity of coversge obtained from s patrol
airplane. The route seen-arca nap can be zoned to show the

length of time any part of the arca is under obscrvation.

Recorrnendations. Satisfsctory serial seen-area

mapping can be accomplished by rncans of the folloving

techniques:

(1) Photography. Photographs should be taken at one-nile
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intervals on each side of the line of flight fronm an sirplene
traveling et least 150 mph, end at least 2,500 feet above
the terrain. The cameré should be directed at an angle be=-
tween 37.5° end L5° from the line of flight and depressed so
that the horizon line is just retained. If it is necessary
to photograph through a windscreen, the camera should be held
a8 close to it as possible. Any convenient small camera cen
be used if it has the proper characteristics. These are:

& »11 f£ilm cspacity of at least 36 exnosures; shutter sreeds
up to 1/250 second; a lens of f/L.5 or better, with an angle
of acceptance batween L5° and 70°, and, an eye-level view-
finder. A4ctually few amatsur cameras other than 35 rin nodels
can qualify as nost do not have the necessary filn capacity.
There 1s also a possibility that the PFairchild ¥Y«1l0 or ¥-20
hand-hald aerial cameras would be satisfactory.

Good photograpliic results are dependent on a suitable
airplane. 4An idesl ship would be one similer to an attsck-
bomber, where the photographer could have unrestricted view
forward, downward, end to right and left. Ifowever, any four-
plece, high-wing monoplane should do. In such a ship the
vhotographer could occupy the rear seat and alternately nhoto-

graph the two sides of the flight route.

(2) Interpretation. Photograprhs sho:ld be interpreted by

oculer sketching fron contact prints or enlarcernents of at
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least 5"x7" size. This can best be done on & sheci of thin
tracing paper placed over the appréxfhate earen on a8 topo-"
¢rephic or plenimetric mep. A seperate sheet of trr-i--~
paper should be used for each photogreph. The locstion of
the flight line is not essential as the sketching is done
entirely by reference to points which can be identified on
the photographs. A patrol route seen-asres nep is prepared
from the individuel sketches by coripositing thenm,

“here & topograeohic map is availeble it should be
used in preference to a planimetric map. The contours will
ajd the sketcher in identifying terrain features, pasrticularly
ridge lines, end should result 1in superior mapoving.

Sone suggestions for further study of aerial seen=~
arTea napping are offered.

A comparison is needed of ths results of ocular
sketching based on topographic and plenimetric mans. Thoto-
graphs taken from suiteble ground lookouts could be used for
this work and would rieke the experiment less costly. This
would slso make possible a direct comperison with seen-area
napping as done fron eround pbints.

An investigstion of the relationshipn between napping
accurecy and the separation between the aircraft snd the
terrain is needed. There were indicstions in this investi-

pation that the accuracy increases with increase in the
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sepsration. Suéh a study night lead to s solution of the
problem of how high seriel fire patrols ghould fly, partic-
ularly if photogreoh-scenning is anslorous to observer-
scanning. lhotographs taken along the sane course on flights
at a nunber of asltitudes would be necessery for this exveri-
nent. Yrovision should be nade for locating the flight line
nore sccurately; probatly by tracking the airrlsne with a
transit located at a ground point on or near the flicht line,

The possibilities inherent in the rating of intensity

of coverage should be investigated further.

. Two pieces of equipnent which nisht be adarted to
aerisl seen-araes nanping are the Sonne Continuous Strip
Camera ond the ibrans Oblique “ketchnester. The continuous
strip camere is a develornent of "'orld '‘ar II #nd nany of its
details sre still military secrets. The cariers photographs
on & continuous strip of filn, either color or black end white,
and tho resulting print looks like a long narro- painting.

It was the opinion of s forner U. J. "avy nrhotocrenher, who
used & Sonne Carmera during “orld “ar II, thet it could bse
used for oblique aseriel photography.

The Cbligue tretchmaster is a device manufactured by
the Abrams Aeriasl 3urvey Corporation, of Lansing, *"ichirsn.
It works on the principle of the canera-lucids #nd makoes the
trensferring of deteil fron oblique photogcranhs to a baase

sheet or nap & relatively si..ple procedure. .ha use of this
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instrument would probably lower the cost of photoeranh inter-

pretation reterially and increase the accuracy of the work,
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APPEI'DIX

Photogrammetric riethod. Wilson® in his trentise on

the use of obliaue photogrephs says, "In rractice the
graphicel nethod requifes only the ordinsry drafting eHuip-
rient slready availeble to sny encincer."” Cn page 598 he
suris un the problen as followus:

!

The general problen, therefore, involvas
finding the horizon line on the photosrsph, and
then deternining the nosition, elevation and
orientation of the csnera, entirely through infor-
notion thet ennears in the nhotogsraph itself.
Usuelly the solution is possible if at least throe
ground points of known rosition esnd elevation can
be identified in the photogrrasph. These control
points on the ground corinose t.e base upon vtich
the solution rests. . . Cbviously they should
forin a triancle es learge and wide as is feasible
within the field of view.

At the tine the test procedure was planned the
intention was to simplify the solution outlined above by
placing a spot bubble on the [lark lL.urd aerial canrers.
The spot bubble was arranged to indicate a level horizon
and a deprossion angle of 25.59 when centered. Lowever,
the control proved inadeguate, probably dus in psrt to

ninor notions of the sireraft vwhich were too rerid for

tho relutively insensitive bubble, end in part to narsllsx

kg, 1. ilson, “tbliquae fhotoprarhs for the Survavor,”
. anuel of Photocrrs:wietry, Prelininary edition, (T'ew “ork:
Titren Publishing Conpeny, 194LL4), n. 597.
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nresulting fron the position of the photosgrapher's eye.
Inspection of the contact prints showed considerable vari-
ation in the relativs positionéiof_the aspparent horizons.

This difficulty necessitsated ; tedious conputation
based on the sppasrent horizon es indicated by the botton
of tho haze lines in the photographs. The conputation was
nade for only three photogrsnhs; 0-1-1, 0-1-7, and 0-1-13,
The conputation was begun with the formula given by Wilsond
vhere the distance of the trﬁe horizon above the apparent
horizon, "l=-H', is (r'ivﬁr¥3500 cos2 1), f£', the effoctive
focsl length of the canera, 1s equivalent to the desig-
nated focal length of 8.25 inches becsuse the casnera wes
focused at infinity; z 1s the caners elevation, which was
7,500 feet; and i is the inclination of the canera axis
which was assumed to be 25.50 for the triel solution.
Figure 14).

Substituting into the fornmula,

-1 = (8,25 9 7500 #+ 3500 cos? 250309
= 8.25 (86.06) + 3500 (0.90259%)
= 709.9950 & 2851.3380
H-H' = 0.,2L9 inches
‘"he distence I[-H' wes then used to plot e tontative

true horizon, and 4, the dlstance of the true horizon

——

5%ilson, op. cit., p. 600e
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DISTLTi:.3nATION CP THi;: TRC% HORIZON ,MD
O0TH3R SLEIZINTS IN 'IILSON'S SOINTION
FOR HORIZONTAL APOLSS FRON ODLITRE

PHOTOGRAPHS
principal point of tha photograph.
principal line of the photograph,
true horizon on the principal line (also V)
apparent horizon on the principal line.
nadir, or plunb point.
air station, or camera point.
distance C-H.
distance PP-H.
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ebove the principsl point,PP, waé neasured from the photo=-
graph., The tangent of the angle of inclination was then
found by dividing 4 by f£'. Yor photograph 0-1-13

tan 1 = 3.38 + 8.25

® 0.,0969, or ‘i = 22° 16* 18"

With the new value of i, 22016', a reconmputation
of li-H' was rnade, giving a value of 0.240 inches for the
distance of the true horizon abové the apprarent one. The
distence 4@ was remessured and tan 1 solvad for agsin,
egiving 0,40848, or en angle of 22013%Qgw,

A third computstion of I'-H' nade with { as 22013
éave a value which did not vary appreciably from the

'gecond; the true horizon was considered established.

The next step consisted in finding ¢, the hypot-
enuse of the right triangle formed by f' and 4.

= 8.92 inches

A viece of tracing paper was laid over the photograph,
and the horizon line V2-V%* drawn on it (Figure 15).
Fron V a perp.endicular was constructed to pass through PP,
and the distance ¢ scaled off to locate the point C.
From each control point, gz, g3 and gh, lines were drawn
perpendicular to the horizon at V2, V3 end V4. The dis-
. tances measured on the photograph for g2v2, g3v3 and ghvh

were then dlvided into psrts in the ssne ratio as c was
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FI6 URC 15

RESECTION 16 E.STABUSH ThE
Air Station, Photo 0 -I1-13
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divided by p. Thus, the points Vf, V{ and V& were estsb-

lished and fron then lines were drawn to C.

The lines so

drawn subtend true sngles-at C, and tle tracing paper rro-

vides a means for resecting the position of C on any nap

on which the coi.' .01l points aro shown,

In the following tebulation the conputations for

locating the sir station of photorrsph 0-1-13 are given:

Initisl vsalues First
Conputstion
T 8.25" 8.25"
H=-II? - 0.25"
d - 3.38"
i 25030° - 22016

c - - o - o

Second

Conputation

8,25"
O.24"
3.37"
22013"
8.92"
0.378
0.29"
0.,13"

0.35"
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