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One phcse of the Soil Erosion Service mapping program not
referred to above relates to the construction of contour maps.
The photographs tcken of the Navejo survey are adaptable for
use in the Stereoplanigraph for the comnstruction of such maps,
At the time of issuing the cdvertisement, it was not knoun
whether any such contour mops would be needcd. However, it
developed that such o map wes nccessary to the functioning of
the Mexican Springs Experiment Station, just north of Gallup,
New Mexico, which is working on detciled scientific studies
covering a watershod of some 128 squarec miles. This map was re-
cently completed and is discussed in Mr. Leon T, Elicl's article
in this issue of "News Notcs".

THE STEREOPLANIGRAPH
by
Leon T, Elicl

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

Any photogrammetric machine such as the Stereoplcnlgrnph
is mercly the mechnnieal mecns for recording what the eye sces,
what the brain conceives, amd directs the h&nds to perform.

The machine is designed around thesc human fectors cnd ¢ proper
evaluation of the machine must have roots in a thorough undor-
standing of these humon elements,

On first thought, the stercoscopic function of the cyes
seems quite apporent. Obviously, we think the closer an ob-
ject, the greater the convergconee of the eye axes. This, we
assume, is interpreted by our breoin in terms of relative dis~
tance,

It is commonly believed that vwhen using a stercecoscope, an
ob ject cppears ot the point of intersection of the eye axes.
Diagrams illustreting this phenomenon arc plentiful throughout
the literaturc on this subjecte.

That this situation is much more complicated than suggested
by these random thoughts is at once brought home to us when we
see & 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. Where, now, does this observer
see his apparent stereoscopic image? If our first theory were
correct, the imagine would appear to be behind him, This, we
know, is not true. It is therefore safe to assume thet 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 mervelous interpretive
power quite beyond our comprehension, or what is more probable,
the léns 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 acquired only with dlfficulty,lf 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 theeye.

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 stereoscoplc perception. ,
The eye, which is going to spend its life in optical gymnasium,
should obv1ously acquire its training for the task gradually.

It now becomes apparent why it is not possible for a mid@lev
aged or elderly person, who has had no stereoscopic training, to
operate photogrammetric equipment with the same degree of skill
as someone trained for the job. I do not mean for a moment to
suggest that a photogrammetric operator must be & superman in any
sense, He should, however, h&wahad 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
upon 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 mercly
to transmit to the hands the properly coordinated action to what
the eye sces, or whether some interpretive editing is to moalfy
the exact situation revealed by the eyes. 1

To illustrate: Case No. 1 - A detailed large-scale map of
a dam site strictly for engineering purposes. Obviously in this
case, 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 mep for gcneral
use., HEre, physiographic form becomes important and easec of in~-
terpretation by the lay-user, is a feature. A%t the moment, the
subject of the emount amd degree of modification of the contours
which is justifieble to emphasize physiographic form and make the
mep casier to read is a highly controversial issue in many quar-
ters of 'Jashington. It seems reasonable that in the ordinary
type of quadrangle sheet, some sort of compromisc must be struck
between mechanical precision and a map gencralized for ease of
reading. ITf it were definitely known whether these maps arec
used principelly by layment, physiographers, or cngincers, the
question of the amount of dét&il which should properly be shown
could be answered with some certainty.

How much then the brain should interpret and edit what the
eyes sec in & photogrammetric machine is a question of judgment
on the part of the map-meker as to what constitutes the best
quality of map for the purposc intended.

It is the belief of some proponents of the more mechanical
contour, that an original line drawn with full detail and cvery
wrinkle is desirable in that it gives practically & perfect
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foundation. In preparation for reproduction, the topogrepher
may then exercise as much judgment as he decms necessary in
smoothing out the contours. In this editing, he will undoubt-
edly be guided by the purpose for which the map is intcnded.

The impression that all photogrammetric contours arc rag-
ged and rcpresent inaccuracy or uncertainty on the observer's
part is definitely proved to be fallacious by & study of many
photogrammetric maps., Where the ground is smooth, photogramyz
metric contours are equally smooth; where the ground is ragged
and wrinkled with many boulders and 1rregular1tios, so arc the
photogrammetriec contours.

It is only nccessary to decide what constitutes the best
average cartographic practice and thc photogrammetric method
can easily be made to conform.

In addition to the skill of thc cye, the judgment of the
brain and the coordination of the hand of thc operator, there
are certain fundamental physical principlcs. which pley an im-
portant part in the success of any photogrammetric method.
First, therec is the base line influcence., Just as the aceuracy
of traingulation is improved by strong intersections, so is the
photogrammetric-accuracy increascd by a favorable base altitude
ratio which amounts to the same thlng.' There are¢, however, two
limiting factors whiech tend to nullify the advantages of the
basc altitude ratio when carried beyond a certain point. The
first end most obvious factor is the blind spots which will oc=-
eur in steep country when the base line is too long and the
angles consequently too flat. The second factor limiting the
length of the base is that of haze. If the atmosphere could
be considered perfcctly clear, this factor would be ncgligible.
Whenever there is sufficicnt haze so thet the definition at the
cdges of the picture begins to suffer, a loss of accuracy will
result which may entirely offscet the advaniages of the increased
base. Naturally, the amount a base may be extcnded advanta-

geously will differ in accordance with the local haze conditions.

The worst haze conditions which will probably be encountered is
therefore the limiting factor in determining the most favorablc
base altitude ratio.

Another physical element which enters into the ultimate
accuracy of thc method is the size of the image in relation to
the size of the photographic grein., Other things being equal,
it would scem that the longer the focal length end larger the
scale in relation to the grain, the more accurate the obscrva-
tion. Some authoritics on this subjecect have cxpressed the
opinion that the longer the focal length, the greater is the
apprceciable blurring cffect duec to speed of the airplacc and
angular movements of the cemera. Whether or not this is an ac-
tual factor is somewhat controversial. During an cxposure of
1/100 of a second, an airplace moving at the rate of 100 feet
per second will obviously move one feet and the imagine will
blur onc Toot, rcgardless of the 'scale at which that one foot
may be recorded. "Similarly, angular movemecnts will give cxdct-
ly the same absolute burring in fect, quite regardless of the
scale of the image., Itv has always secemed to me that it is




=13 -

edvantagecous to inerceasc thc focal length of any photogrammcetric
cquipment to & point wherc thc mocheniccl problem of handling
such large ncgetives in & plotting machinc becomes difficult,
With the rapid progress occurring at the present time, tcnding

to minimize grain cffect, we may anticipate in the near future
that the sizc of photogrammctric cquipment mey be deercascd with-
out sacrificc of accuracy.

The third limitation which justifiecs consideration is opti-
cal, Oy »rimary importance in any photogrammetric method is the
photographic quality of the im-ginc from which mcosurcments
must be madc. This photographic quality resolves itself into
several considerctions. First is the all-important subject of
lens dcfinition. Our lcnses must 2ll bc a compromisc, &s we
could almost invaricbly securc better dcfinition from a slover
lens of lecss aperture. On the other hond, this would limit the
depth of filters it is possiblc to usc. Thercfore, our lenscs
must bc & good compromisc between cctual lens definition and
sufficicnt spoed to permit the usc of adequate filBers. Recent
increcses in the specd of our photographic moterials have greatly
simplified this problem,

Naturally, thc most careful proccssing must be uscd to pre-
serve the finc photogrephic quality whieh we achieve with a
proper sclection of our lenscs, filtcrs cnd photographic materials,
Many o potenticlly perfecet picture is rccorded at the instent
when the shutter snaps, only to be ruined by o developing process
which kills the beautiful quality of thc cxposurc ond brings the
grein up to o point whero it becomes o positive menaee to photo-
grommetric plotting.

And now we comc Lo the considcecration of a particuler plot-
ting m-cHine analyzed not only from thc stoandpoints of its opti-
cael and mechenicel structurc, but also from its cdhcrence to
these other principles vhich ve hove discusscd.

The Stercoplanigreph is fundcmentally the simplest of 2ll
photogrommetric plotting mrchincs. Thosc who hove scen it may
rec~ll a veritecble maze of whecls, rods cnd "godgetss which
appear canything but simple, Yet this mrchine is & perfcecct replica
in mingaturc of tho situation by vhich the pictures were orig-
inally sceurcd. Of coursc, in plotting thc proccss is reverscd.
The roys of light instead of originnting on the ground to be
gathcred in by the photogrophic lens ond rocorded on the negetive,
origincto ot the ncgrntive end arc projected back by the lecns to
the "ground", The two cxposures constituting onc stercoscopic
pair projcct simultancously, ~nd after the conventional sterco-
scopic rdjustment and horizontclization hrs become perfceceted, the
two roys of light,vhich in the Stercoplenigraph originecte ot the
two imcges of any given point, will interscet at the point they
represcnt on the "ground" of the Stercoplanigraph. At any given
instcnt, we cre only intcrested in onc point on the ground, that
is we construct our contour linc os o continuous scriecs of points.
So in thc Stercoplanigroph, we represcnt the ground by only a
point ~ o physicel dot on the surfacc of o mirror which, for all
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practical purposes, may be visuolized at the interscction of the
two rays of light from the imnges represcnting this ground
point. Actually and for mechaniecl reasons, it has beenneces-
sary to spread our two cameras too far apart on thc machine to
represent a perfect miniature, and this is taken care of by
uupplylng two "ground" dots which arc separatcd by the same
cmount as the cameras. Theoreticelly, a further scparation
should occur betweecn the cameres, cqual to the length of the

eir bese at the scale of our plotting. Actuelly instced of
separating our cemeres, which arc bulky, we mount them rigidly
and move our two dots closor togethcr by thc same cmount which
has the same c¢ffcet as moving thc comeras apart. This differ-
ence in the scparation of the "dots" or ground point of float-
ing mark as it is usually called, and the separction of the
cameras, represcnts the scparation between the points of cxposurc
in the air times the scalc of the mep coxpresscd os a represent-
cetive fraction.

Having the two dots on two mirrors pecrmits the sterco-
scopic observetion of the image. Zach mirror turns the light
from its camera into an observing system which transmits the
image to the binoculer eye piecc. No attempt will be mede in
this article to explein how the dot enables the observer to
drew o contour linc., For this purposc, thc reader is referrecd
to the article by C. H. Birdseyc and discussion by E. R. Polley
and the writer in the Proccedings ‘of the Amerlcan Society of

Civil Engincers of April 24, 1930.

The Stercoplanigraph has anoptical system of grecat clarity
which enables the eyes to view the stereoscopic image with the
axes ncarly parallel. The optical systcm permits the observer
to sce the image under the greatest practicel magnification in
consideration of the grain and other factors. Undcr proper
conditions of magnificetion and with the axes of the cyes op=-
proaching parclleclism, it has been found that stercoscopic per-
ception is probebly cs much as 14 times grcoater than it would
be vhen obsérving the same picturces in an ordinary mirror
stecrcoscope.

The Stereoplanigraph vhen used with a fourcouple camcro
has a most favorable base altitude ratio of approximotely 2:3.

The focal length of the fourcouple cemera has becn largely
governcéd by considecrations of thc size and vieight of the acriagl
ccmeraz., The equipment is just about as lerge and heavy as can
be conveniently carried in the ordinary commercicl airplans.
The lecnses of this camera are Zeiss Orthometer of about 5.3"
foeccl length. They arce designed to work at f4.5 and give satis-
factory definition. Expericnce indicates that loss of definition
occurs from grain effcoct and imperfcct processing rother than
lack of dcfinition on the part of the lens. ;

The Stercoplanigraph eliminates substantielly all mechanical
trenslation between the flodting mark or "dot+ and the actuating
mechanism of thc instrument. Thesc articulative movements have
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The last half of the Mexican Snrlngs topography wes turned out
on the Stereoplanigraph at the rate of cne square mile per each two
hours, complete. The necessary control cost was epproximately $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 & 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 &1l but flat
or densely timbered country at not to cxceed one-half of the present
cost, This statement is based on meps at a scalc of 1:24,000, As
the scale gets smaller, the methods obviously approach each other in
effieciencys— It is, however, practically ccrtein that within a year
or two, 30,000 feet airplanes will be available which fly at hlgh
Upeeds, at whlch time the photogrammetric mcthod will rcsult in &
tremendous economic advantage, cven at scalc of one inch cquals one
mile and smallcr,.

~000-

DISCUSSION OF MR. ELIEL'S PAPER

by
W. N. Brown

I am surc that all of us who have had the opportunity of hearing
Mr, Zliel prescnt this papcr have had our faith in thc efficacy of
photogrammetry as mcens of making topographic maps, strcngthened. I
hasten to cxpress my apprcciation of the scrviec he has renderecd.
Certainly the map of the Mexican Springs arce which he¢ has exhibited
for our inspcction is most improssive and shows a wonderful esmount of
topographic detail and cxpression. I fecl also that those of us who
have cxamincd the Stercoplanigraph intrument itsclf must want to pay
tribute to the mechanical skill and the profound thought that has
brought about its production.

Sincc I am on the wrong side of sixty ycars of agc, Mr. Elicl's
remarks concerning the optical gymnasties rcquircd of the cyc of a
Stercoplanigraph opcrator intrigucd me v ry much, and I am afraid
that I have spent far too much timc trying out the ability of my own
eycss Thc recsults mey be interecsting if not instructive., I find
that the stcrcoscopic image begins to scparate when the distancc be=
tween the images on the two photographs is ebout 3.4 inches apart.
The position of the cyes werc about 8 inches from the photographs.
The distance between my cyc ccnters is approximately 2.4 inches. I
figurc that the divergenec of the axes of my cyes to be 7 degrecs
et the timc of the scparation of the stercoscopic image. If I am
corrcct, thcre may bec some hope for men up to sixty yeers cs stereo—
photogrammctric opcrators,

Necessarily, it is of vital intcrest to lecarn the cxtont of the
application of this mcthod to scrve the mep nccds of the cnginecre
Mr, Elicl in his paper dcels with meps in theebstract. The applico-
tion of the mcthod in practice will have to decal with cach individual
typc of map. The word mep probcbly conveys & diffcorent mcaning or
conjures up a different picturc to the mind of cach person. The two
maps mentioned by him werc both small-scalc maps with rether large
contour intervals. Thc Mexieon Springs mep is on a mep secle of




