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SECTION I 

Introduction 

1-1 INTRODUCTION. This manual was written to provide a basic under
standing of Stereoscopy and at the same time provide proper operating instruc
tio·ns for the Abrams stereoscope:s, height finder, and photogrammetric computer~ 
These instructions and examples will enable an inexperienced person to accom
plish three-dimensional viewing and make basic elevation measurements. 

SECTION II 

Theory 

2-1. STEREOSCOPY. Stereoscopy is the science and art of prod11cing three
dimensional effects and the methods employed to produce these effects. 

In order to see an object stereoscopically, it must ·be viewed from two different 
·------•-•m•--·••M~•--·~•--M---·-·----·-·-··---·---i50 sT.fions~pararrer~1orr;-1·hus··ren:·ctertrrg,.=a-·ctrre-e=-ilime·1 rsiurraI-·vi"eW:~''7\rry-trbjee·t-··that~-·-·-··--~-w~~>-•--~~--~--~"·-·-

oc cup i es space has three dimensions - length't width and depth. This is illustrated 
in Figure 1 ~ which shows how one eye registers the length and width·of an ooject, 
while the other eye registers the iength., width and d-epth. It is the paraliax created 
between B & 8' that produces the effect of third dimension .. Parallax is the ap-
parent displacement of the position of an object with respect to a reference point 
which is caused by a shift in the point of observation. 

Eyes 

A to 8 • width 

C to O • length 

B to B' • depth 

Figure 1- Seeing Three Dimensions 
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first played an important part during World War II i·n that ground information of 
distant or enemy territory was obtained by some means other than personal re
connaissanct:. The very scope of the conflict and the speed with which it moved, 
due to its mechanfzed nature, required the obtaining of intelligence inf onnation at 
a rate never before attained in militarjl history~ This information w·as obtained 

~ 1 
- r> " • ,, ·) " f ,, 1 "~ h tnrougn the use or over1app1ng {stereoscopic?' pairs o. vert1ca1 aerial P~-oto-

-graphs. On every adequate photographic day, strips of aerial photographs were 
taken over sele~ted portions of the enemy territory and thoroughly scrutinized 
b~v' the aid of the stereoscooe for detection of enen1v 111ove111ents'i can1ouflage,. ~ A d - . 

ht'"'\mh da.:1.,!lfi_n_p~. Pt r-~t.or~ Th1i~ 'll.la· C' hr-ar-n 'th.a. 4"lr1- ~-F Pl {P.hfltn J..J r:tpr-ur,p&-l_ ~t;\,.~ ~•'11 \ 
~'\,,/.0: • .Ji.....,. -~ -~-" -- ""-'--~~A'-4~ ,1 i.AU...:, T"i' .::; VV!!! ~i.!\,., a! t. Vi.. 1. ..i. ~~ .:..av ... v ·*•-« 4 j,\ , •• _ I~.iil 

, 14&,._, °'.s ~ ~~$. ~'-r~ 

The art of stereoscop} 1 is also pla·ying an important part in modern map-making~ 
Nut only does it have a great rnilitary va!ue, but 1nany private agencies are using 
:A.e-;"Al r. 1hot;.--r-s-r:--ir1hs and the ~tereo,ronP t·or cr,iv·1·nv ,omP ~.f thPir Fno·.,t tP_~hnic~! ~ ! i~- r--- .V~- -r--- --- ---·- ·--'- - ~~""'~r- -~~ .:;....,.~ "'""'O ...,,,._,...,.,..,._ ..._,;,._ '-'"'4-ll.& ,ll.,&J:, v,;,. ~ .............. -~ 

problems" such as: city planning, methods of soil conservation, location of geo,
lo_gical formations., better transportation'! facilities .. et cetera. The stereoscope 

._.,_ .:;:i,. • ... 

is here to st~v,. ::¾nd ~'iil continue to be an in1portant piece of equip11·1ent for of-ioto 
·T<' ~ ,;. ..a.. ~ ~ 

;ntPrp,retPr, ~Pr1".~ 1 nhoti"")oranhPr~ PnoinPPr, nhot~o, oramd ·m .• ptri~t~ fipi,-1 op.nv .. f.ooistl, 1 ...... "'-"' ....... ._ ... ._.,., ·-- ....... 1 ....,~-"'-"'"""'--"- ... ,- a~-~,_.,., ~ x,-.& ·A·~-11'. v ... ~.l.i .. ,-.! "· .,,, -f;,.;l "V~,J .. 11.....-f·U ,,;;;;.. ...... - -.l. , V 
!. ~ .... ..__... , J$. .._. • - """""'" " ... - ~ ana rorest engineers. 

2-3. AERIAL PHOTOGRAPHSo 1<\n element of stereo-vision is brought about 
2 .• 'i ,.,...~ t ~ <S • ~ • • • • ----= ~ 

w'nen an a1rp1ane nies 0\ 1er an area .. taK1ng photograpns \J.i'Ith the axis ot tne ca111era 
lens vertical. The exposures are taken so that an area on the photograph also ap
pears on the ph·otograph next to it. The overlappiug area is suitable for steret)-

• scopic 
and are properly· set up to shovv' the relief .. or 
that appear in the area . .iA~eriaI photographs are 

relative ele\ 1ation and structures 
U S. u '-l ,i i , r t a~ k e n so + h ~ t t h e \1 ·h ~l , 1 c,, a " {..,..,, V ... 1;'11.' ~ ... 1.~ 'i,lµ,J,. . l i , _t.A, '!' \.... -

~ ~ 

photograph has this percentage or n1ore of overlap~ it is impossible to have com
plete stereoscopic co\ 1erage in a line of flight. i\ sure method ot .. obtaining stere()-

• • l r- • .,-r,.,-._,_,- • -t• ,L~fl• t ; sconic coverage 1s to run an ov·er!ao or ~bout blJS--c 1n 11ne os i 1gnt so triat rio t\vt1 r ~ a -

. h . l h - ('\r-7' i i l I 1! O '\'l!,O!""l,-,.'"""' ........ -..a n"no~lVr.,aran C p,rpr ha' 1 e· •PS~ t_t_1_·~n __ l{_J~/.c C ! n (lf(1er t£J nave usanie ,tPrPf):... V \... l ! a {J }' t i t J::;- }" . Ej i t-' t 0 'Y V "'=-' ~ • ,_ 'V ! ""' ,,_ '-'. i. ..,_,,, " - _ ~ .. .- • _. -...., 

coverage 
'-' 

• • ,.. 1! • 
-,t,,.. +- --~ + i-~ 'i'i: (\..[~,'"'-

u I '.3 tor l r v n o 1 t 1 i e 1 111 a.~ c or . ._ 

• 

- £ r - " -,-.. k t- e· - ...... ~ n Or n 1n At O er ,,...an h C r-~ n t. l ; "i-"l i n er ~ A~ n s h < l { l O \ l , -~ : n 'f.. r h ; ,,. h ,,. a(.:" 0. u 1 0 u I:, i ~ l 1 i a I ! .¼ . • A p .l ~ '--' t b 1 p ! ! J ~ V ! I: {. a.' ![ ! I I l 6 u \,,.. ~ i-,-, ~ j i u \.,... ; VY ~ " j - ! v\- f. ! i"' . ...., ~ :) \.., " 

imn1~operl v vievv"ed .. the relief rr1av appe,ir in i4 everse: th<.it is~ the r "' - .... <I) -

ridges ~ind mountc1in peaks appear to be pits. This iliu~;ion i~ 

! 



2-4, STEREOSCOPIC VISION. Stereoscopic vision (usually referred to as 
stereo-vision) is necessary in order to obtain stereoscopic effects. Stereo-vision 
is the ability of a person to combine two perspective images of an object, in such 
a manner as to create a mental impression of relief or three-dimensional effect. 
Each of the two perspective images of the same object must be produced from a 
somewhat different angle., such as two photographs taken from different camera 
stations. The resultant photographs are known as a stereo-pair. 

It thus follows that persons with monocular vision cannot see stereoscopically. 
This is not to say that all persons having binocular vision can see stereoscopically 
either. An elderly person often has much more difficulty in seeing stereoscopically 
than a younger person, because the eye muscles have become set and will not 
relax easily. Some people can never see stereoscopically from a stereo-pair even 
though they have normal vision in both eyes. 

2-5. STEREOSCOPES. The simplest optical instruments for viewing objects 
in three dimensions are stereoscopes. These may be of· the mirror ( ,·eflec--ting) 
type, the prism type or the lens (refracting) type. The first recorded stereoscope 
was a mirror type developed by Robert Wheatstone in l 838. A few years later, 
Sir David Brewster developed a lens stereoscope. 

-----------------~~0~~0~k~at11s~~~~esame ._ ,..,, •.•• ........,.....,__ ·•-,·•,,;!;1,,.,,,_:,,»,,,.,,_.,._..,,..,..~.__,...,_.,..,..,. • ._. __ _,,_..._,_ . ...,... ~w .. .. --A>f~--..,~-,...,..,.-

t i me upon two photographic pictures nearly the same. but taken from a small 
difference of angular view. Each eye looks upon one picture only: and as in or
dinary vision, two images are conveyed to the brain which unite into one. the ob
jects being represented under a high degree of relief. The stereoscope is con-
structed in accordance with the visual phenomena \Vhich convey to the mind 
impressions of the relative forms and positions of an object. When a near object 
having three dimensions is looked at, a different perspective representation of it 
is seen ·bv -each eve: in other words .. there is distinct binocular p· arc1llax. ( See 

~ ~ 

Figure l ). Certain parts are seen by the right eye (the left being closed). that are 
invisible to the left eye. and vice versa. These two visual impressions are simul
taneously perceived by both eyes, and are combined into one image. producing the 
impression of perspective and relief. 

If then, true right-and-left monocular pictures of an object are presented to the 
two eyes so that the optic axes are directed to the eyes at the same angle of con
vergence that was directed to the obiect bv the camera. a solid or three-dimen-

'-- ,_, ., 

sional image of the object will be seen. 
In monocular vision, all that can be determined about the position of an object 

is its relative direction in the field of view. Binocular vision .. however .. gives some . -
estimate of the distance and depth perception provided that the object is not too 
far away as compared with the intcrpupillary distance of the observer. Inter
pupillary distances range from l .97 inches to 2.85 inches, however, the average 
interpupillary distance is approximately 2.625 inches. It has been found that it is 
impossible to distinguish between objects if the difference of the angle of conver
gence is less than about 20 seconds of arc. although in some extraordinary per
sons, this minimum angle of depth perception can be as low as l O seconds of arc. 

3 
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SECTIOt~ iii 

Photo .Interpretation Instruments 

1A..bra111s I r · · " 
' o " = • 1 1! ~ a <"i e ~;. ~ T-s rgn e d to be as C(HHpact as pussHJle, out yet prov1ue maxu11um versatliHy. ·• he 

d g • ·1 fi , 1· .. . .. . h" h ,f;', .. 1 .. stereoscopes an he1gnt . naer are supp!.1ect with carrying cas-es w 11c · 1ac111tates 

... nstru111ent '-orporat1on s equipment has bet.;n de-

field use. The height finder has been adapted to both stereoscopes which improves 
its utility. Although rugged in design. this equipment requires proper care and 
adjustment~ 

TL . b 1\..1 d 1 ,,.......B 1 s # 

s. 11e i\ ·rams iv o e1 \..; - .1 ~ tereoscope 1s a pre-

photographs and is capable of magnifications of either two or four power. 
As the instrument is taken from the carrying case, the two pairs of lenses are 

1 ! ? 1 If"' -= ,: ,: <! ... ~ "! ~ - - . s .. , togetner ano tne 1egs are 101aeo up unaer the ooay or the instrument. • wing eacn 
leg out until it snaps into the first stop at approximately a right angle to the body. 
Then push each of the lenses in the lower pair downward' and backward until it 

• ,. f" • ~ """1r"'l • • "' ? r-,. • .. snaps up 1ntu the out-01-way pos1t1on~ 1 ne 111strun1ent 1s then re,aay ror use w1tn 
t'll.J("'\ n.£'&'\Ii.a.r mao?"\;h~"lt-;"'_ /CQ.Q. c~~:•r""" ;\ 
Ii..,-.;·"' pv lifv 'ii.,-! .1:1:1 · 51t.1a:.1>;,..,a.~:.fv~.19 ,, J\,.,\;:; 1. ll:5,U.t c ~ J 

~ " r> ~,... ~ li t ~ • h . 't d 1 o use th~ rour power 111agn1ticat1on tne 1egs must be set in t e most exten.ae • 
position. Grasp the legs with each hand, and press with the thumbs on the stereo
scope body, until the leg locks disengage. Then rotate each leg outward as far 
as it wiU go. By releasing the thumb pressure, the legs will lock in the proper lo-

. Th " ·• + 'Ii " d d 1 d .,,.,,. 1 . ., I cation,~ £ 1e lower pa1r O.t lenses are tnen move . ownwara an · torwara unt11 
the two sets of le·nses are together. The instrument is now ready for four pov✓er 
0 -o= ,..,e-"r".+1·o·n 1 See;. F1·gure ,..,;\ . ~ 1 ¥ ctl .. " \ \,,., • ! "'-

. ~· .... ,r~· _//_~-
.: : .~ 
... ,. ., 

4 Power Position 



Each set of lenses, 43/4 inches focal length, 2 power magnification, meniscus 
type .. are easily adjusted for individual interpupillary requirements by rotating 
the knurled wheel in either direction as required. A scale calibrated from 50 to 
7 5 mm on the right lens allows for definite settings. 

The anti-fatigue head rest allows the operator to rest his head with comfort as 
he scans stereoscopic prints. 

The CB-1 Stereoscope in the 2 power position is adapted for use with Abrams 
Model HF-2 Height Finder. With this combination of instruments, it is possible 
to determine heights of objects or variation of heights of terrain features in over-
lapping vertical aerial photographs. 

When the instrument is to be placed in the case., put the lenses together in the 
four power position. Then, grasping the stereoscope legs with each hand, place 
thumbs on body and press back until the leg locks are disengaged. Rotate the 
legs under the body as far as the)l will go. Place the instrument in the case with 
the legs on the bottom and the lenses to the back of the case. This permits the head 
rest to fit into the well in the cover and prevents the instrument from shifting in 

the case. 
The CB-1 Stereoscope body and legs are constructed of durable nylon mold-

ings which .. with normal usage, will give trouble-free service for many years. The 
•--'>••·•-~"·---·-.. ··-··-·-•··-,-·--•»~•···~-···--------·R•@ad~~~t--is.-~Qf-!G.ng~wearing-1:.ubh.er~-ILs~oiJ.e.d~bY=-_Q•i]_QI._Q_~I.§,R.~irgti_Q_!l~.J.h~iTI.~!!U men t 

is easily cleaned by using soap and water. · -------·-·----·-----~~--M--·--·· 

3-3~ CF-8 STEREOSCOPE. The Abrams Model CF-8 Stereoscope has been 
designed for use with vertical aerial photographs. It is a great convenience for 
aerial photographers, photo interpreters .. engineers and photogrammetrists who 
desire a small compact instrument which will fit easily, with its case~ into the 
ordinary vest pocket. 

This stereoscope is furnished complete with leather case~ It has interpupillary· 
adjustment permitting from 55 to 75 mm. This adjustment requires only a slight 
pull to separate the lenses to the desired working distance. There are no screws 
or nuts to come loose. The lenses are 43/4 inches focal length, 2 power magnifica
tion, meniscus type, producing clear, sharp images without distortion. Steel wire 
legs support the stereoscope forming a loop without points that will protect the 
photographs from scratching. They fold easily along the sides of the lens holders 
to protect the instrument while being carried .. 

Remove the instrument from the case and swing the legs into a locked position. 
Separate the lenses and adjust for interpupillary distance by holding up to eyes 
or by adjusting to a determined length on the scale. It is quite important to get 
this distance correct for it avoids eye .strain. (See Figure 3) 

When folding the instrument, close the lens holder together, place two thumbs 
on the front corner of the lens holder and dis-engage the legs by applying pressure 
with the fingers. After the legs have been disengaged from the frame,. turn the 
left leg up and over the lens holder and the right leg down and under the lens 
holdero Make sure the lens holders are together so that the legs will form a lock-
ing deviceo Place into the case. 
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HF-2 The iv'lode·l H F-2 Hei1?ht Finder is a measurin~ 
fi a -;;. ! ; r, a. ri a C ; n- -n .0. ,-4 t" r 1 "! C' = 'i 'S ' ~ ~ h A h r ..... m c- c-+ 0 ?" 0 "' ~ ,..,. r.. - .0. .C" 1\ A .,...... ~ ..-. I ,:-,. r D 1 "' - .,..l r C 0 'U"' ¥ !~ \.- v \..- J !f,i 1 ~'U 1 v 1 u .:,~ VY 1 la 1 L l. u t O.i 11.:, J l\,,., t \.-V .;:)\,,.,V p;.,,.,:,.,. l 'V ! vu Cl;, L u- ! a.11 U \._.,. 1 -o., 

..,___ ::..._,· 

for the purpose of delineating topographic detail and determining elevati{Jns from 
, ,.. • 1 ·~ h 1 

~ n5i 1 r ot "v· Prt1r-Q t ~p.r-. ::l 11 n At nor~ nn s-........ t-' ......,_.1.,. . ... _.... ·- ........ --£ .a-Y I. 'LI' IL-'-,>·e~ -y E. :..• • 

When tw'o O\lerlapping aerial photographs are properly' oriented and viewed 
stere{)scooicallv· ~ the in1a2e disolacement ( oarallax) can be oronerlv measured and 

l "'· "-- ._ ·~ · .i. r .; 
h'.\1 r'Y'IOnns ,,,_.f' c-;mplo ,-./""-m-t,'l'~-t-:~-.c- ¼ ..... ..-,._c--.f'..-.._. ............ .,...r-1 ;_.,....-,.. ,---.],...,,. ... •r-•=on - ·a),.~ ...... ~ 
U J !11\..-Q. I Vi ~llil !\.., \,..,V.lii.}-'UlQ.t.iVl1;_) ll a.11:::,1v1111cu ililV C:.tCYa.-ll l V · !UC'.~. 

The HF-2 I1as been devised and constructed to accurately measure parallax 
,.-1 • er L ,. t'), ~ t 1 • , ~ A 1 }\

1 u111erences to t11e accuraC\/ or .v I 1r1rr1 .. ov emo1ov1ng tne L POV\/er~ .(t-\orams iv a2:-
e' ~-· .!;. ~; ~· * .;.,_.,-

CF-8. 
• -rL ~. l' 1 r-- ""'\ · , _ £ . • r 1 r · · .. I,.,. ~ r. 1 , s 

i ne ti 1.---..:.. 1s compo~eu or Ine roiiow1ng rr1aJC)f' pares: rame 1ert-nana iens 
(reference dot)~ right-hand lens (moving dot)~ knob (calibrated in millimeters), 
studs~ and spring clips. (See Figure 4) 

t-1gure 4-. Hf-2 Height Finder 
'-...,! 



• 

The reference dot is engraved on the underside of the clear plastic lens. Loosen
ing the two screws on the underside of the instrument, which hold the reference 
dot lens, will permit the lens to be adjusted to eliminate any --y'' parallax which 
may result from attaching the HF-2 to the stereoscope. The moving dot is also 
engraved on the underside of the clear plastic lens and is. actuated by the ,knob. 

I 

The metric scale directly measures the parallax displacement which is determined 
by turning the knob. It is capable of a total reading of 20 mm. 

To assemble the HF-2 to the Model CB-I Stereoscope, positio.n the stereo
scope in the 2 power position on a flat surface an:d align the studs of the HF-2 
with the holes located on the inside of the stereoscope legs. Using the thumb and 
forefinger, squeeze the stereoscope leg against the HF-2 frame until the stud · 
snaps into the hole. Repeat for the other leg. (See Figure 5) 

CB-1 CF-8 

Figure 5- Stereoscopes with Height ·Finder 

To assemble the HF-2 to the ~·todel CF-8 Stereoscope, place the HF-2 on the 
cross member ot .. the stereoscope legs with the knob to the right. Push down the 
ends ot .. the HF-2 to engage the spring clips, Slide the H F-2 as far toward you as 
the construction of the stereoscone legs will permit. This will place th:e dots di-

L - a 

rectly below the stereoscope lenseso (See Figure 5) 
1V(Jte for tl1e Colo,· Bli11li: It has been found the color blind people ·cannot dis-

tinguish the red dots on the clear plastic lenses of the H F-2, as they see red as a 
shade of grey wr1ich blends into the greys of the photographs. However~ since 
most of these people can distinguish yellow much better~ the re-d .Pigment can be 
removed from the engraved dots by using a fine needle and the dots refilled with 
yellow grease pencil. 

7 



P ~rQll~v Pnil~ti .. ~nc fP. n111"rp. C1 !l~ n a. e-riai -" ~A Ui!i,,..ii.['\. ""'1·f..4~ll.-.l"-.J'!.!.0 ='":t- .!l ,_..,,,.. ..,.,. ,,_ .-. 

co111outer is n1ade of durable plastic .. 
~ ~ (See 

• 9 

Q1ven ..,_, in. millimeters~ and the in inches~ These 
""' - .,, "'t .. -- .. 

to represent the tocat Iengt:h ot the cainera 

• 

and the distance betv1een photo centers~ The t\\ro scales together provide the 
,, 

millimeters to inches and inches to millimeters . 
~! ~ • 9 ,'I '1 11l 

I ne L:: scale 1s atso usea to convert para11ax 
_a, "I "I. • 

measurements to vert1ca1 elevations. 
represents the scale of the photo in feet per inch 

,M .:."""\. r-.. 4-

represents teet per .tJU ! 

E 
scale 

,.., 
reoresents teet per 

z ~ 

The F and t- scales are to convert 111easurer11ents into urli-f+"er-J:..1 l I ii 

ences of elevations~ the answer being in feet~ 
ThP R 

#. .=..::.~ ,...,.. ,;. 
< 

C and D scales are also used for multio!ication and division. ... 

The index is shown at the beginning of th.e B scale~ 

To detern1ine 'i • 

onoto 
,ll 

scale (5)'1 divide the altitude of the aircraft above ground 

, 
tne scale opposite h t" l t. e oca1 B 

i 

scale 
and read of scale 



To determine height above the ground (H -11), multiply the focal length of the 
lens (f) by the photo scale (5). 

Put the photo scale value (S) inf eet per. inch on the C scale opposite 
the index line and read the altitude above the ground (H - 11) in 
feet on the C scale opposite the focal length of the lens (f) in inches 
on the B scale or opposite the focal length (f) in mm on the A scale. 

To determine the focal length of the lens (f), divide the altitude above the 
ground (H - 11) by the photo scale (5). 

Put photo scale value (5) in feet per inch on the C scale opposite 
the index line and read the focal length of the lens (f) in inches on 
the 8 scale or in mm on the A scale opposite the altitude above the 
ground (H - h) in feet on the C scale. 

To determine differences in elevation as represented b·y the parallax equation 

dl1 (H -11) 2 * 
d.,t fpS 

., ___ --·" •=-•-'••---- -•~•-N~•--·-·~-.. --.--·-.. di.,:v ide =••~al.t.itude __ of_~-·the_ .a i rc_raft.~..ab~o.Ye~ .... th~e"·-·gr~~u_n d __ (l-/_=- 11 ) .. ~§:g!!.~~-~J?1 . the focal ' ., ,..,.,~,•••--rr.-~w,,..._.,,,,,....,.,,-.,~r..,,._.,.,-.,..,.~,,.,.,,,,,,..._,,,:::,,,,.,.,,,•,....,-~r.•,,... .._.,..-., __ ._..._,_?, .. >'-f...., .... ""'.c-.'~11""','--

l en gt h of the lens (}~)~ times the distance between photo centers (p)., times the 
photo scale (5). 

Put the value of the air base (p)··in mm on the A scale or in inches 
on the B scaie opposite the altitude of the aircraft above the ground 
(H -11) on the C scale and read the difference in elevation per unit 

f d lz · h · d . f"' 0 00 l . h h o measurement dx opposite t e 1n ex in eet per · . • inc on t e 

D scale, in feet per mm on the E scale or in feet per 0.01 mm on 
the F scale. 

To determine the total elevational change (d/z)~ multiply the units of parallax 

(dx) measured by feet per unit of parallax jh . 
_t 

Put the value ot---the difference in elevation per unit of measurement 

j; on either the D, E or F scale, depending on unit of measurement. 

opposite the index. Set the hairline of the cursor over the number 
of units of parallax (d,;t) measured (read from metric scale on the 
HF-2) on the B scale and rea-d the total elevation on either the D, E 

or F scale, depending on which scale was used for ~h . . :r 

x Deriv~1tion of the paralla)<. equation is shv\vn in the appendix and further examples of its application and 
definition of terms ~1re shown in Section I\/. 
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....... ······--·· -------------------------

IV 

i\p. olication Instructions .... 

4-1~ PREPARING AERIAL PHOTOGRAPHS~ To prep-are aeria:l photographs 
for stereo--viewing, accurately locate, and prick with a pin point, the principal 
. • -~ '! h . h ~ l ,11 -~ $ ¼ h ,. ~ . 
point ot eacn pi. .. -otograp;.. 111ade oy 1ne intersection O! t .... e 11nes connecting opposite 
fiducial marks~ ( See ~-igure 7) .__ ., 

BW-1 

Figure 7 - Locating Principal Point 

Transfer and prick the principal point of each photograph as it appears in the 
i ~ t ,...,'! f ., 0\1er1ano1n£ o.not.o. 1 ne use o tne r ~ "--. £. 

these points n1ore accurate Iv~ 
~ ~ 

Connect these t\vo points with a ,,ery fine line on each photograph, beginning 
with the principal point,. and extending through the transferred principal point to 

'h • ~ h ... ,. ..,-h" 1· . 11 .. h .-.. fl .. '1 . 1· 'l' d h d' t11e ectge ot eaC1s. photographo l s. .. iS iilfle 1S ca11ed t::.)&e ,,, - .. Ignt 1ne,- an · ti e · !Stance 
bet\veen the tw'O points is knov1n as the ·~air baseQ ,, I he flight line can best b.e 
rlra\X.t'f\ kV· .\_,r ~-~;nr.r a fin,... :k,..,Jl po=-1 p- ....... 'S-~~ rr;g1I"'.!!""" ...... 8>,~ 
_._ 'lfV ... 1 • -~: u~1 le, · I·. c oaJI- _ .·. 111 . c11 ... t · cc 1 . u1 t: : 

NOTE: The accuracv of the elevations obtained bv the HF-2 
~ ~ 

U_J~~e~f!s ;.~ ~-: lr:-r~~ m·~~c:r.~.,.-,,--. 11!non +h.-.,... •f;;/'r"-J•~ar-,F ~""l"rl+h '«i"~hi~~ · ~p !l .• lli a ii'11 g~ i11C:a.:,Ui C up" 1 ... t ... t,". d,.\..,~dl · '-' j \r'V .1l.tl WV· li\..-lk 

the flight iine and air base have been established~ 

. " 
_..,..._.., "!?-'r~ .~ ~ 

'-_.-l l \., ! ~ , 
~ 

KiiOV✓fi 
~ I> 

~ ! .:., ~ 1 ~ t ~ .~, n 
"\,,, Z \,;,,, 'W U t: l V ! .i 



I 
j PP-2 

I 
l 
l 

PP2 j pp l ,_oi------==---

4-2. PHOTOGRAPH ARRANGEMENT. The problem of adjusting the photos 
to the instrument is reduced to the following steps: 

iA.. Setting up the left photo. 
( l) ,.\lign the two lenses't making sure both parallax dots are parallel to the 

base of the stereoscope. The knob should be set to read approximately 
5 mm on the metric scale. 

(2) Tape the left photo securely along the left edge. 

B. Setting up the right photo. 
( l) Place the right photo over the left, oriented in such a way that the 

~~flight line,, of both photo,s forms a continuous straight line. 
( 2) Place the reference d.ot over the principal point of the left photograph. 
(3) Slide the right photo along the alignment of the ••flight line'·' until the 

transferred principal point of the left photo~ as it appears on the right 
photo, is under the m,oveable dot. 

(4) Re-check for the alignment of the ~-flight line'' and correct if ne-cessary. 
( 5) Tape the right photo securely along the right edge. 
(6) Flip the photographs so that the left photo is on top of the right photo, 

and see that the flight lines coincide. 

• 

11 



th 0 r_· _nr~tla_ X &.a--· rto-- Cn.r· e·-a-ch ----~ va !.!-1..t. · li :~!!,.. · 1 .l.U. . · . -·. ~# ,._ . 

stereosco·p• -ic nair of ohotographso This factor is r ~ -...... .... 
affected by several things: 

( 1) by flight altitude (ir_/); (2) by height of datur11 plane (h) if not zero; (3) by air 
base measurements t.p); and (4) by the focal le:ngth of the lens {;r)~ 

A~ Obtain the Telative altitude (H -/1) at v-1hich the photos were taken by using 

\.\/here 

1 s -=---- or LJ l - (S)(f) 
17. - n - --· 

1-- H-h 

f~ = focal length of camera in inches 
r-. 'II r 1 - • ~ " " - - -a· - _.._,... ~n~+-.,, ...... - -4--ee+ pe- -:n,...h j S{.:' -l~ Ul piivtv l!l l i_ ! 1 .· \.;-.al 

1 
11. 

H - h = altitude of the aircraft above the 
'l .. " . ground 1n reet 

1 S (feet per inch) = ---------------
H - h (feet) 

h .. f" · .. -1 '""· ~ 
9 h h ·1 c ta~at using J !TI 1nche~ ano J In ieet-per-1nc · t 1e Va ue 01 

lS)(F'\ f I - h = -----'--· ----/: __ ..,_, ____ , ____ _ 
Ii 

..i 

will be exp-ressed in feet. 

Example (1): 4800. 
IS 

12 
equal to 400 feet p·er inch = S 

f = 6 inches H - h = (400)(6) or 

r- . 
c:.xampie: 

~ ~ nnr-. 
... 1--r......--.r. 1: --LU•JV or 1 '°'uuv is e4~ual to l 000 feet ner inch = S 1,; r 

I / --

the base (p) ( or g-round 

p 

' 
!L D (p)(S\ - - or --4-.-- l -- . , } 
p 

S= ~ r :A } P ; n fee f "_"., e· ..,..1 ; - .- "k, v - i.-4 ! ,._, i ,A . .i .a. _ .,. r-' 11 j t_, .l 1 

n 
V 
~ 

p 
a 

--
-

air base in inches (distance between PP-1 a,nd PP-2) 
actual groun.d distance of the air base in feet 

9 

S - 400 feet per inch ... 
~ e' ¾ ~ 

p = L .. :J inches 
n t ~ ~ : -- ~ h \ /. A f\f\ 
r' - i . ' in£ I-~,~• • ~, '1'1, ~ ~ \ '"-" .,.,., _.!l..._-- .. i ·\ ""'t\.., J 



.. 
.,.. 

C. Calculate the parallax factor by means of the following equation. (See 
appendix for derivation of parallax equation.) 

where 

, 

d/1 (H-lz) 2 

d~r: JP 
(H -11) 2 

or dh = JP dx 

d/1 == difference in elevation between a kno\vn elevation point and 
an unknown elevation point 

drt = difference in parallax measured between the known and the 
unknown point 

H == altitude (in feet) of the aircraft above mean sea level (iv1SL) 
or above the selected ,datum 

lz == height of known elevation (in feet) from se,1 level ( IV1SL) 
'--' 

or selected datum 
1· = focal length ot"" the iens 
P = ground distL1nce {in feet) ot' the ,1ir bcise 

Example: H = 2600 ft~ above selected dc1tum 
/1 == 2()() t~t. ~1bove selected datum 
1· = 6 inches = l 52.4 mm 

..... _, ... .._ ....... ,. ............. _ ........ , ..... __ ~-...... -.... ~.-,,.•·--•·•-----------.. -----·.~.,." -•···--·-· ... , .. ,. · -,~··--···--·--·----··--· .. -~---.-·~P,~-i-.QOQ..,-A,-·~-· ---~-r.-.. --~·"·~••>·----· --· - . • ♦ .-,, "" . . ;.-...: ,__,,,.M,._...,__,,,,, · -..-••• ,,,.-_,._...,,,_ ,..,. ..... n,.,,< .. , .. ,, ... ,..,.,'¢>.V;---r.">,-...;-,•,• •..-:,,,,.,...._. •.• -,,.,_,,.._.,_~--.-•A>.;...,,..,,._~"'<',M"""'-.:t.•;. ,,,_., .............. -..._,.,,_,.,,,_,.,...,<>,.,O>"""""''"-""'-'''•"-',i,.,,•••""~,.,-•,...,.~-•---•~·..._ ............ -., ........ -..-.~,tN_._..,,,,,,_ _ _,..,_...,_,,_..,<,.,._..,,.,,¼,,.,,..,_.,,,,._.~-----•••---"-""'•'""-•-•-- ,,.........,., •. .....,,, 

( 2600 ft. - 200 f't.) 2 

cl h = ( 1 " ' 4 . )( l 000 f ) dx . 1 _ -· mm . . . t& 

rll = 5 ~760.000 ft. 2
. l _ 

~~ · z l 5 2 .40() mm -t~t. c _\ 

cl/1 == 37.79 ft. pe1· mm <d~\·) 

'-1s su min£ cf .. t == I mm 
' .._ 

then d/1 = 3 7. 79 t't. 

3 7. 79 is the P<-lr~1ll~1x f~1cto1·. equivc.1lent to f'eet ot .. elev'"1til)n 
per millimeter ot--p~tr~1ll~ix ~1s 1·e~td on the metric sc~1le ot .. 

the HF-2. 

D. The ~1bove equation can be further reduced if the datum is selected so th~1t 

lz equ'"tls zero .. as fol lows: 

(/ i 1 • () 3 9 3 7 H 
cl.t p 

Jh = .03937 H dx 
p 

\\/here .03917 == inches per millimeter 

Exam pie: H = 240() ft. 
p == 2.5 inches 

di 
= (.03937 in. per mm)(240l) ft.) f.-

1 , - . . h l .\: _.) inc es 

• 

• 
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- in,ch-feet pe·r -

- d.:r 1 assu1111nQ mm - 1 
i...,; 

li l i ..,.,.,.,, 
70 ,ft tnPn f1i1 ~ '\ f 

~.::..: ~ & ii ~;. _,. 1 • I ./ ..a. IJ, 

4-4. USE OF THE HEIGHT Fit\JDER_ 
111 O"u~i;;:_ .. 1_•'-_1·- a_.l·d;_i_i· .... _~tpri n_l-,!.,i~t.t_r-"'~r_ .• •...aoh_•_ii;:';. nro-ra"- -,r-r- -h~--l,,.J h.e t~_" ___ Lren"'~ _i_-n ___ ·. m~int~· ~ thP 1 
,,, , .,i y _ ly., "='Y • ._,.ltC:_. £$ L'\~ ~- ~fit (;!!.it: S!:.vU!tl __ ---~- ~ -- =..i~- ... ;~ ... a!!1!!12 ---- Dase 

., _, 1 ti...,..: & - '---' 

moving the HF-2 over the pre-

("> .·t . ... 2 'f 

cEr rne stereoscope para11e1 to tne 
_.,.,..~ 1 9q ~~ 

that 

... night 11ne~ 

the spatial • • • 

v1e\ved 
If the 

through the instrument" the two parallax 
eyes view the dots as one single dot~ the dot may appear 

appears 

to 

~ 
t n= 
{.. ~ j 'io,,,, 

to 
i oe 

• 

l • h toucning t1 e ground -

separate .. 
n1erge into one dot'} 

t.ht:J Pvec t'"'or•i.:-.c.d ,,.n thp. o-r.ou,nri fP~1t~irp,;;: "An.,, .. ti nvnt 0n_ .. _· _.1~· _. ~ ..:, ·.._,,u~c u1A ~1:~ ;.;...,A 1~~ ~~~~i:t ..... v ~ :=i,~ ~= - \....J 
.., -

so 
keep 

r - . 

l rI iearr1ir1g hoVv· to bring trie dots together~ a ne\v. operator may use the following 

~, 

Liose the right eye and observe v1here the left dot is in relation r·o the photo 
___ , --►- .,. .. l ?" n - .. - ~ - - J - - - - 4 : - -- -- - ~ ~ - ,4 

d. l d K. I ~ l) \"\/ Ii t: J t: V d. l ! U i 1 PU! Ii l ~ 
" 

Hold the 
intersect the san1e detaii as the left dot .. bv 

andi by closing the left eye't make the right dot 

• .,-,c ,-.,_ ♦ 
Ul.Jl 

• 
nr~tnt pv1.1, 1. 

• 

• • 
rc11sed 

• 
nt 1act1r"\n 
'-!U\..,.:)l1Vl ! .. 

reading for this pclrticular point, 

• ,..,. - rl 
d!fU 

~ 
turning the knob in one direction -

~ sunace 

the t·oI lovving -
• 

T?n,"\P,C 
~it.11 ...... j 

• 
~""-:r~4- ,$ 

_pV i ! i l 'I read and 

► 



... 

B. Repeat the same operation for the unknown point and record this value as :c1• 

Example: 

C. Find the algebraic difference between the ~r reading of the unknown point 
and the known point9 The resulting value \\t'ith the proper sign is the difference 
in .:c parallax (cl:r) between th-e two points. 

Thus 

Example: ~X-1 = 3.86 ~r = 2.73 
dr = 3 86 - 1 7 ~ = + l· 1 3 .,· • .,. • -1 1 • 

( note. plus) 

Example: \- - ..., 08 r - ' 71 ,, I - .;,. • ·. . -· - ..., • _;, 

d y = , os· - , 7 3 = - 6~ _\. ._. ...., . - ( note minu·s) 
• 

D. To find the di ff ere nee in e lev~1tion ( J/1) multiply the i ·cl.\·'' value~ with the 
proper signc by the parallax factor ~1s previously· found by t.he fo1·mul~1 

(H - /z)2 

The sign ot' the difference in elevation is related to the elevc1tion ot' the known 
• 

po1ntc 

Example: (H - /1)2 = 17 '9· JP - . I 
els deri·ved bv the f'ormula ., 

.. 

1
. f H - lz )2 I 

l J l == f p C .,\ 
J 

in ~1 previl1us ex~1mple. 

thus cliz = (37.79)( 1.13) = 42.70 feet 
theret"'ore +42. 70 feet represents the difference in elev~1tion bet\:'/een 

the t\'iO points, 
Being the result ot~ ,l positive sign the unknown point is higher th<.1n the kno\\,.n 

• 

point, 

E. To find the elev~1tion value of· the unkno\vn point ,1dd, ~llgebr~1icall~l~ the 
difference in elev·,1tion ( tiiz) to the elev' at ion of the kno\vn point. 

Example: Elevation of known point == 643.5 feet 
lf iz == +42. I 

theret'ore elev~1tion of the unknO\\/TT point equ,11s 643.5 + -42.7 == 686.2 f'eet 

15 



1 .\..""' .,__ i.. ,.,. 1 , • ; .-, t O • _ '!! ~ r 11 + ;_. r . 
11 n1ore ti!an onic e!evai10!1 1~ Knll · \Vn 1n rne sa111e pair 01 pnotograpns-1 rerer to 

1 ' . _,l • 'h '! ,• f t O j ~ A • ,. • tnt: c1osest one tu ueterm1n~ Ii1e eieva.1.1on (1t tne requ1reo point,, ri. simple Inter-
polation can also be made for points located between kno,>1n eleilationsa Once 
the stereo pair of photographs ( t11odel) is nroperly' set-up? the reading of the 
required points, it' more than one. may be expedited by the use of a computation 
~L~o4- w· ·ng .o-o ..--.ll +Le a':!r,i-n "'.-..- L.- pr...--pe-1\/ en'!-e-.oA ;n ~n o-~o-l.,., m:">.nne-A s ...... mp1,..., v!i\.,\,.,l . \.,}\.,, a,! lii ·a.ld \.<al! UC ··U ·. ii~i. It !\,.,U !l di IU~ll)i I 1'1.l l I,. J-\. .a_ l· it: 

data sheet is shown in Figure 9 .. -· -· I~.-..~.,...... 
! l!C;:'}C: 

,i!\bra111s Computer 
computations can be eliminati:d by the use of" the 

has incorporated the parallax factor involved in these 
• 

computat1ons. 
known ----- " .. ~-

-
\\lhere rectified photograohs ,,·corrected fur tir, 

~.,..,. .£ ... r·"' 

racy can be greatly in1provedv 

N N:' :: J.. C Photo ivlodel Nos. 

400 ft. oer in. F ocaf Length (f) 

26()0 ft. ~ - .,. t 
..::.) tncnes 

' f tllt 
,.. 
tt " .... 

Knt1Vv'n Elev. p, r·ill•lv ,t~ ,. O , .. , .... Unknown Par~tllax d.t (Ill Knov.in Elev. 
E!e\1 • 

' Readin£s Eiev. ...... ! • , ' 1n Keaa1ng 4- d/1 ,._ 

pr,;nt Feet p . 
( !{)0 t I , · n t -- 1- « +- , i I 1 j. . -Jt.,, .. ... O!~:f..:, •,., l ' - ,., ' t.i ; ( ; 

"l ~-, + f "'\ "'\ +J.6 l '"'\ 4L 1 : \ r r / . . 
i ~1. _-, ~ V- t - D. • ·-- . ' - . ' 

h ~ - • , : ' i 1 -,, ~ ~ " ...., 
' ? + , 
' • A ' ~ i ' ·' ' 

, , 
i i "_; • • ' 4 l ' V _, • ! 1, • } - 0 ! 

A ') A i .84 ✓ ~ - "°" r r, ~ -. J -1-6\J ') 1..,. ➔--'-t --j ...:O)f.~ ' I ·•-

0 ' •• f ~· "''1(1 2.40 • 3. 1 8 ! 0 7° ...L ;r. ~ ,.., "') () ~ • 01nt ! d i T . , 0 I _";J,-. . ";! I ~ 1&&~ - \,/ .I 
~~ ;.._. 

J ·10 -0 '1(1 i - I 9~ ~ 0 ~ / , ' ..... • - 't.__J ' ~~41c1P' . -· -. -,.. ,, (' ~ -r' 14 1 , x i 8-; 7 r . JI-,. --•V\J <Mo,~ "t.., ! 
i , J. - f .. _ 

"" 
,,.. 

~ .. • ,, , 
'"' • - . -a <f., "\ 4 ' i • 4 +4 , • _:/ /1 .l, ! , , ~ : ! _; . ! _,._,, - -· .... • • • .... 

Figure 9- Data Sheet 

... 



APPENDIX 

Derivation of Parallax Equation 

p 

· 1 1 

I I • ~t .. I . 
I I I 1•1 X1 •I H -lz 

_..,. .. I ~1 .,_ ir 
i ' 
! t 

i H 

/7 I - /z = ~/1 
• • 

__:,-I~:::::--_! _ - - - - - - --- -
• 

/z 

\lSl_ l)r -------------------------~'-"--'- Se 1 e ct e d 
D~ttllffi 

· Where P = distance between sequential camera positions (which equ~lls ~1ctuctl 
ground distance of the ,1ir base) 

f = focal length of lens 
H = altitude of aircraft above datum 
/1 = height of· ground above datum 

/11_= height of object above datum 
~11 = height of object 

.r = base height 
~~1 = bc1se height 

~t = base height differenti,tl 
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.,r -,. 
f 
r 

,.I H 
p 

- ;_ 
!l 

P./.~ 
J 

P 1•, H l ) Tf ·· - 11. 
-~•-- •-r ,., . . 

• 

11 ~~so ...... ! . . 

2 

ana 

but 

- -

Bec~1use the constant H is of predominant value 
" j i '! r, ✓ 'I , j '- d ... 11 f 'I. ♦ 

,ti Iil()S t eqtJ(:lf,. t ne V~l!Ue or l t1 - ll J(_ H - 111 j IS 
C- t ' " '"" I ' 12 ~uost1tut1ng tor tne equ,1.t1.<.)n { H - 11) 

r .. .,. f p --j' H l - ll -i 

PJ{H -il -

vi-ith respect to /1 and /11 " 

practicaily ~ equal to (H 

. 'I 

t • 

oe1ng .__ 

- iz )2 • 

t 


