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One ph~se of the Soil Erosion Service mapping program not
referred to above reletes to the construction of contour m~ps.

The photographs t~ken of the NnvQjo survey are adaptnble for
use in the Stereoplanigrnph for the construction of such mnps.
At the time of issuing the c.dvertisement, it \70.S not knmm
uhether any such contour maps uould be needed. Houever, it
developed that such Q map uas necessary to the functioning of
the Mexican Springs Experiment Station, just north of Gcllup,
Ner. Mexico, r.hich is uorking on detailed scientific studies
covering n uatershed of somo 128 square miles. This m~p u~s re­
cently completed and is discussed in ]·,ir. Loon T. Elicl's article
in this issue of "Nens Notes".

THE STEREOPLANIGRAPH_._- by

Leon T. Eliel

(Paper presented at meeting of the Society on October 23, 1934)

Any photogr~etric machine such as the Stereoplanigrnph
is merely tho mech~nicQl menns for recording ~hQt the eye sees,
ubat the brain conceives, and directs the hands to perform.
The mnchi~e is designed around these human fectors ~nd c proper
evaluation of the m~chine must have roots in n thorough under­
standing of the S0 huma.n element s.

On first thought, the stereoscopic function of the eyes
seems qUite apparent. Obviously, Ue think tho closer an ob­
ject, the grenter the convergence of the eye axes. This"ue
cssume, is interpreted by our brain in terms of reletive dis­
ta.nce.

It is commonly believed that r.hen using n stereoscope, on
object appears at the point of intersection of the eye axes.
Diagrams illustrating this phenomenon nre plentiful throughout
the literature on this SUbject.

That this situation is much more complicated than suggested
by these random thoughts is at once brought home to us when we
see a trained stereoscopic observer View a pair of pictures with­
out a stereoscope under conditions where the axes of the eyes ac­
tually diverge 10 or 15 degrees. ~1here, now, does this observer
see his apparent stereoscopic image? If our first theory were
correct, the imagine ~ould appear to be behind him. This, we
know, is not true. It is therefore safe to assume that stereo­
scopic vision is a much more complicated subject than appears
from casual inspection.

When the axes of the observer's eyes are diverging, one of
two things must be occurring to enable him to see stereoscopical­
ly. Either the brain is exercising some marvelous interpretive
power qUite beyond our comprehension, or what is more probable,
the lens of the eye is Willfully distorting into a prismatic
shape. The latter assumption seems borne out by the fact that
ability to view pictures stereoscopically with divergent eye
axes is greatly enhanced with practice. Furthermore~ this ability
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is acqui~ed only with difficultY,if at all by persons of advanc­
ing years. Young.men acquire the habit readily enough, all of
which gives substance to the theory that the muscles of the eye
may be trained to form a prism of the lens of the eye.

For this reason, it is desirable that.. stereophotogrammetric
operators receive some training before reaching the age of 40,
in order to acquire a keen sense of stereoscopic perception.
The eye, whic,h is going to spend its life in optical gymnasium,
should obviously acquire its training for the task gradually.

It now becomes apparent why it is not possible for a mid~le­
aged or elderly person, who has had no stereoscopic training, to
operate photogrammetric equipment with the same degree of skill
as someone t~ined for the job. I do not nwan for a moment to
suggest that a photogrwmuetric operator must be a superman in any
sense. He should, however, havohad a considerable amount of
specialized training before he calls upon his eyes to serve him
in this capaCity.

The proper functioning of our machine then, is predicated
upo~ a pair of ·well-trained eyes.

Depending upon the nature of the map which is to be drawn,
rests the question of whether.the function of the brain is merely
to transmi~ to tho hands the properly coordinated action to what
the eye sees, or whether some interpretive 9diting is to modify
the exact situation revealed by the eyes~ 't

To illustrate: Case No.1 - A detailed large-scale map of
a dam site strictly for engineering purposes. ObViously in this
caso, no interpretation is required on the part Of the brain.
The contour should. follow every feature of the ground with mech­
anical precision. Case No. 2 - A small-scale ~ap for goneral
use. Here, physiographic form becomes important ~d easo of in­
terpretation by tho lay-us.er, is a feature. At the moment, the "
subject of the amount and degree of modification of the contours
which is justifiable to emphasize physiographic ~orm and make the
map casier to· read is a highly controversial i ssu.e in m~ny quar­
:ters of Washington. It seems rea.$.onable that ,in the ,ordinary
type of quadrang~e sheet, some sort of compromise must be struck
between·mechanica~ precision and a D$P generalized for ease of
reading. IT it w~re definitely known whether these maps ar~

used principally by layment, physiographers, or enginoers~ the
question of the amount of detail which should properly be shown
could be answered with some certainty.

How much then the b~ain should interpret and edit what tho
eyes seo in a pnotogrammetric machine is a question of . judgment
on the part of the map-maker as to what constitutes the best
qUality of map for the purPOS0 intended.

It is the belief of some proponents of the more mechanical
contour, tha t an original line drawn Vii th full detail and every
urinkle is desirable in that it gives practically a perfect
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foundation. In preparation for reproduction,. the topographer
may then exorcise as much jUdgment as ho doems necessary in
smoothing out the contours. In this editing, ho will undoubt­
edly be gUided by the purpose for which the map is' intended.

The impression that all photogranunetric contours arc rag­
ged an.d represent inaccuracy or uncertainty on tho obse~er"'s
part is definitely proved. to be fallacious by a study of many
photogrammetric maps. " Whore the ground is srno,oth~ photogram-·
me,tric contours are equally smooth; whore tho _ground is ragged
and wrinkled r1ith mhny bould~rs and ilTegularit 1e s, so '·are the
photogrammetric contours.

It is only necessary ~o decide what constitutes tho best
average cartographic practice ahd the photogrammetric method
can easily be made to conform.

In addition to the skill of the eye, the judgment of the
brain and the coordination of the hand of tho operator, thero
are certain fundamental physical principles. which play an im­
portant part in the success of any photogrammetric method.
First, there is the base.line influence. Just as the accuracy
of traingulation is imp~ovedby 'strong intersections, so is tho
photogrammotric.''accu.racy increased b~r a favorable base altitude
ratio which amounts to the same thing.' There arG, houever, tuo
limiting-factors which tend to nullify the advantages of the
base altitUde ratio ~hen carried beyond a certain point. Tho
first and most obvious. factor is the blind spots which will oc­
cur in steep country whon the ba,'se lin.e is too' long and the
angles conseque~tly too flat. Tho second factor limiting 'tho
length of the base is that of haze. If tho atmosphere cou~d

be considered perfectly clear, this factor would be negligible.
Whenever there is sufficient haze 'so that "Ghe definition at the
edges of t he picture begins' to suffer, a loss" of accuracy will
result which may entirely offset the advantages of the increased
base. Naturally, the amount a base may be extonded advanta­
geously will differ in accordance ~nth the local haze conditions.
Tho worst haze conditions vmich will probably be encountered is
therefore the limiting factor in determining the most favorable
base altitude ratio.

Another physical elemqnt which enters "into the ultimate
accuracy of the method iq the' size of the image in relation to
~he si'ze of tho photographic gre.in•. Other things being equal,
1t uould soem that the longer the focal length and larger the
scale in relation to the. grain, -the more accurato the ,observ-u­
tion. Some authorities on this subject have expressed 'the
opinion that the longer ,the focal length., the greater is the
appreciable blurring offcctdue to speed of the airplace and
angular movements of the camera. Whether. or not this is an ac-'
tual· factor is somewhat controversial •. During, an exposure of
1/100 of a second, an airplaco moving at the rate of 100 feet
per second will obviously move one foet und 'the imagino uill
blur one foot, regardless of the scale at ~hich that one foot
may be recorded. 'Similarly, angular movements Will give·exact­
ly the sameabsolutc tiUrring in foot, qUito regardless of the
scale of the image. I~ has always ~eemcd to me that it is .
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advantageous to increase the foc~l length of any photogronrmetric
Gqui~mnt to a point phore the mech~niccl problem of handling
such large negctives in e' plotting machine becomes difficult.
With the rapid progress occurring at the pl"esent time, tending
to minimize grain ef~ect, ITe may anticipate in the near future
that the size of photogrammetric oquipment rucy be docroased TIith­
out sacrifice of accurncy.

The third limitation TIhich justifies consideration is opti­
cal. OJ.' ):i:'innry importance in o.ny photogrnrometric method is the
photographic quality of tho im~~ino from which moesurcments
must be mode. This photographic quality resolves itself into
severel eonsiderctions. First is the nll-importnnt subject of
lens definition. Our lenses must 0.11 be n compromise, as we
could almost invnri~bly secure botter definition from n slo~er

lens of less aperture. On "lihe other hc.nd, this 'l.7ould limit tho
depth of filters it is possible to use. Thorefore, our lenses
must be c good compromise betueen cctunl lens definition and
sufficient speed to permit the use of adequate filters. Recent
increases in the speed of our photographic mc.terinls ~~ve greetly
simplified this problem.

Nnturclly, the most careful processing must bo used to pre­
serve tho fine photogr~phic quality nhich TIO achiGve uith n
proper selection of our lenses, filters and photographic materials,
Many c potentially porfoct picture is recordod at the instcnt
uhen the shutter snnps, only to be ruined by e developing process
\lhich kills the boautiful quo.lity of the exposure and brings the
grcin up to ~ point where it becomes ~ positive monece to photo­
grQrnIDetric plotting.

And no~ TIe como to th0 consideration of n pnrticuler plot­
ting m:-.cl11ne nnnlyzed not only from the str.ndpoints of its opti­
cal r~d mochnnicel structure, but o.lso from its cdherence to
these other principles T:hich ~-:e hr.vo dis cus~ed.

The Stereoplnnigrr-.ph is fundc.mcntc.lly the simplest of c..ll
photogrC1TImetric plotting nrchinos. Those ~ho hcve soen it m~y

rec:-.ll 0. veritr.ble mnzo of \7heols, rods c.nd ilgc.dgots ',; nhich
appoar ~nything but simple. Yet this ~~chine is n perfect replica
in min_ature of tho si tun tion by ,,:!hich the pictures Here orig­
inally secured. Of course, in plotting the process is reversed.
The r~ys of light inste~d of origin~ting on the ground to be
gnthered in by the photogr~phic lens cnd recorded on the nogative,
originnte Gt'the neg~tive c.nd nrc projected beck by the lens to
tho "ground 11. The t~IO exposures' constituting ono stereoscopic
pair project simultnneously, ~nd nfter the convontionnl stereo­
scopic ~djust~ent Qnd horizontQlizntion h~s become perfected, the
tuo r~ys of light,uhich in the Stereopl~nigr~ph origin~te ct the
triO im2.gos of [my given point, \1ill intersect Q t the point they
represent on the itground" of the storcoplrmigrt.".ph. At c.ny givon
inst"nt, wo ere only interestod in one point on the ground, thnt
is r:e construct our cont our line; <:.s n continuous serios of point s.
So in tho Stereopl~nigrnph, ~e represent the ground by only Q

point - Q physicnl dot on the surface of c. mirror phich, for nIl, .
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practical purposes, may bo visualized nt the intersection of the
trro rc..ys of light from the imngcs representing this ground
point. Actually end for mech~nic~l reasons, it h~s beenneces­
sery to spread our tuo cameras too fnr ~pnrt on the machine to
represent n perf8ct mini~ture, and this is taken cnro of by
supplying t\'70 "ground ll dots rrhich nre sepnrated by the srune
~mount as the ccuoorns. Theoretic~lly, a further separation
should occur betneen the cameras, equnl to the length of the
nir b~.se at the scale of our plotting.. Actuc.lly insteQd of
sepnrnt ing our c2lllerc.s., uhicl1 c.ro bulky,: 'l:Te mount them rigidly
and move our tuo dots closer together by tho same nnount rlhich
has the samo effect as moving the CQ~erns apart. This differ­
ence in the sep['.ra. tion of the trdot s fl or ground point of flont­
ing m~rk as it is usunlly called, and the soparntion of tho
cnmeras, represents the sepc.r~tion betTIcen tho points of exposure
in the air times the scnle of tho map expressed as Q represent­
ntivo frnction.

HaVing the tuo dots on t~o mirrors permits the stereo­
scopic observc.tion of the image. Each mirror turns the light
from its camera into en obserVing system uhich transmits the
image to the bihoculc.r eye piece. No c.ttempt \lill be mnde in
this article to expl~in hon the dot enables the observer to
drc.u ~ contour line. For this purpose, the render is referred
to the article by C. H. Birdseye and discussion by E. R. Polley
and the raiter in the Proceedings 'of the American Society of
Civil ~ngineers of April 24, 1930.

J

The Stereoplanigrc.ph has anoptical system of great clarity
uhich enables tho eyes to viell the stereoscopic ima.go ~ith the
axes nearly parallel. The optical system permits the observer
to soe the image under the grec.test practicel mngnific2tion in
consideration of tho grain and other fQctors. Under proper
conditions of mngnificc.tion and TIith the axes of tho eyes ~p­

proaching parc.llelism~ it hes been found that stereoscopic per­
ception is prob~bly e.s much ~s 14 times greeter thQn it uould
be uhen observing the SQffie pictures in an ordinary mirror
stereoscope.

The stereoplnnigrnph nhen used nith n fourcouple cnmerC'.
has a most fnvorable base nltitude retia of ~pproxim~tely 2:3.

The focnl length of the four couple c~ern hns been Inrgely
governad by considerations of the size and TIoight of the nerial

camcr2. The equipment is just c.qout QS lC'.rge Qnd heavy as cnn
be conv0niently carried in the ordinary commercicl nirplnnG.
The lenses of this co.mero. aro Zeiss Orthometer of ebout 5.3"
focnl length. They nre designed to ~ork at f4.5 and give satis­
factory definition. Experience indicates that loss of definition
occurs from grain effect Qnd imperfect processing r2thor than
lack of definition on the part of tho lens.

The Stereoplanigrnph eliminates substnntiQlly nIl mGch~nicnl

trE'.nslo.tion betneen the floc.ting mc,rk or "dot: i end tho actuating
mechanism of the instrument. These crticulativo movemonts have

, ­,
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proved detrimental to the nccur~cy of the nark dono by machines
of ecrlier dosign. The f~ct thnt on the storeoplnnigrnph tho
floating mnrk rests physic~lly on the surfQco of n mirror, onto
uhich the imcge is directly projected, practicGlly eliminates
nIl possibility of mechnnicc.Lorror, other thc.n in tho plete
holder itself. In this plc.to holder li06 one of tho principal
problems of the Stereoplanigraph, uhich did not occur in earlier
models. With four sepnrate pieces of film in ench plnte holder,
or positive plntes rondo therefrom, there is n slight differential
in film size uhich tends to chnn6e the c.ngles of projection. It
is obvious that if tho f' 1m has expanded, thv foc~l length must
be slightly increased to mnintein the snme angle ct the lens.
During the period of th~ Bushkill tests, n considerable ~ount

of difficulty ~~s ~countercd boceuse the method for determining
the focnl length r;.s not sufficiently o.ccurc.te. The result \;('.s
thc.t nftGr cr'.reful.y adjusting tho four pomponent plntes of one
exposure group, tHlre ~ould be n pie-shc.ped slice or gnp left
in the sec..m botuoe 1 plc-tos A c,nd D. In other "'.:ords, nhen the
focel length uns nyt exactly right ~nd ~fter ~djusting B to A,
C to B c.nd D to C, there I.ould bo c.n overlnp or shortage in the
mc.tch betuoen A Qll. D. It uns found possible to minimize this
by c.n extremely te ious process of c.djustlnont, :;.1though it is
doubtful uhothor t 10 difficulties resulting from this error TIere
entirely oliminc.te L prior to the completion of the tests of the
Bushkill Q.undrangl ." Ponnsylvnnia.. There ~7['.S en inclinntion on
our pert, uhen DO cilea to hit tho'control on the Bushkill Quc.d­
rangle, to questio the nccurccy of the control. A chocking over
of tho control by r. R. L. Wilson indiccted very sntisfnctory
closures and disco ntcd r-.ny possibility of the control being in
error•.

At the beginnlng of plotting the Mexican Springs, Nov Mexico,
topography, uhich -as entirely controlled by tri~ngul~tion, ~o

oxperiGnced some 0: the some difficulty uhich had prevciled
throughout the Bus kill q,eLlonstration. At this ste.go of the pro­
ceedings, \70 comme lOed mn-king 0. procise dctorr.li.nn. tion of the film
shrinkage by mca.su. ing thG distnnco botl:een the registrc. tion
points of onch pl~~o to .01 mn. This ~t once elininc.ted Qll of
the difficulty 1711i ... h no hf.'.d boen exPJ riencing by Il:-..king it pos­
sible to conputo tlo foc~l length Qnd sot it for ecch plQte at
the time of plncin tho plete in the m~chino.

After eliminating vhcso difficulties, the Moxic~n Springs topog­
rnphy ucnt togothe~ vith rem~rkable speed 2nd n.ccurn.cy. The
Qverage time of ad usting the l~st dozon pl~to p~irs for plotting
I.~s loss thn.n 4 ho rs ~nd the control, of I.hich there UQS fre­
quently c.s much ~s 8 p0ints on n single stereoscopic model (by
stereoscopic nodel is nCt:..nt the o.ren \;-hich is COIUrJOn to c. pair
of overlepping oxp )sures), 'l,[C,S met ·.7i thout c..ppreciable error both
horixonto.llyand v ...rticn.lly. In phctogr~r~etric.plotting, ono
single stcrcoscopi" model in the niddlc of c. job froquent.ly he.s
contours connectin5 TIith ~ hc..lf-dozen surrounding Dodols. When
these contours can loCt all -.!ithin tho specii'ications of i:;he job,
it is even a. more "onvincing d~10nstrQtioil of the cccurccy of tho
TIork then meeting . ntmillor 'of control points.
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The last half of the Mexican Springs topography was turned out
on the Stereoplanigraph at the rate of one square mile per each two
hours, complete. The necessary control cost was approximately $15.00
a square mile. Add to this the depreciation and amortization on the
eqUipment and the time of an operator and assistant for two hours,
and you arrive at a cost per square mile. If this equipment were
used by a Government agency and operated at its maximum effective­
ness, maps could be made to the eXisting standards in all but flat
or densely timbered country at not to exceed one-half of the present
cost. This statement is based on maps at a scale of 1:24,000. As
the scale gets smaller, the methods obviously approach each other in
efficienc~ It is, however, practically certain that within a yoar
or two, 30,000 feet airplanes will be available ~hich fly: at high
speeds, at which time the photogrammetric roothod will result in a
tremendous economic advantage, even at scale of one inch equals one
mile and smaller.
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DISCUSSION OF 1ill. ELIEL'S PAPER._-- - by
w. N. Brown

I am sure that all of us who have had t~e opportunity of hearing
Mr. Eliel present this paper have had our faith in thv efficacy of
photogrammetry as means of making topographic maps, strengthened. I
hasten to express my appreciation of the service he has rendered.
Certainly the map of the Mexican Springs a'rea Which he has exhibited
for our inspection is most impressive and shows a wonder~ul maount of
topographic detail and expression. I feel also that those of us who
have examined the Stereoplnnigraph intrunlent itself must want to pay
tribute to the mechanical skill and tho profound thought that has
brought about its production. '

Since I am on tho wrong side of sixty years of age, Mr. Eliolts .~
remarks concerning the optical gymnastics required of the eye of a
Stereoplanigraph opera tor intrigued me v.:ry much, and I an afraid
that I have spent far too much timo trying out the ability of my own
eyes. Tho results may be interesting if not instructive. I find
that the stereoscopic image begins to separate uhGn the distance be-
tween the images on the two photographs is about 3.4 inches apart.
The position of the eyes were about 8 inchon from the photographs.
The distance between my eye centers is approximately 2.4 inches. I
figure that tho divergence of the axes of my eyes to bo 7 degrees
at tho time of the separation of tho stereoscopic image. I~ I um
correct, there may be some hope for men up to sixty years as stereo-
photogranmetric operators. .

Necessarily , it is of vi ta.l interest to lec.rn t11Q exten..t ofl the"
applieD. tion of this method to seTve the map needs of. t"he engineer...-·
Mr. Eliel in his paper de~ls with mapn in theObstrnct. The applico.­
tion of the'method in practice will have to deal TIithoo.ch individual
type of mnp. Tho word mo.p prOb~bly conveys c diffQrent meaning or
conjures up a different picture to the mind of oach person. Tho two
maps mentioned by him were both small-scc.lc maps with rQther large
contour intervals. The Mcxic~n Springs map is on n mnp senle of


