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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,.
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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
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1:24,000 or 2% inches to the mile with o contour intervael of

20 feet. More than 80% of thc enginecering demend is for maps

of ¢ larger scale than 1 inch cqucls 1000 feet, and much of it
is for meps on a secale of 1 inch cquals 200 feet or larger. The
contour interval demanded is usuclly from a five foot interval
down to 1 foot interval. It would bec of great intcrest to know
how well the Stereoplanigraph will mccet the demands for maps of
this class and what is the upper scale limit of its practical usce.
Also sczle end contour intervel alonc may not be the determining
factors limiting its usc. Type of country must serioudyaffcct
its usc, such 2s timbered arcos and thosc arcas of sklight relief
lacking in definitec shopoes or rccognizable individucl points.
Mr. Elicl states ™At any give instent we arc only intercsted in
one point on the ground--thet is, we constantly construct our
contour linc as & continuous scrics of points." It must follow
thet in o monotonous type of country, cspeciclly if covered with
grass or timber, the contour location must be indefinite due to
the lack of definite rccognizable points for location z2long the
linc of the contour.

In the castern states, morc than half of the arca is covered
by timber. In the Mississippi Valley cnd western areas, there
are vast gross cavered plains and wide river valleys with slight
reclief where the shapes from a stcreoscopic view point are non-
cxistent. Use of the mecthod in these arces I should think would
bec both difficult and unsetisfoactory. It seoms probeble thet 50%
of the aree of the United Stotes will not be adapted to its use
from these causes nlonc, regardless of the scale and contour in-
torval that mey be desirsble.

Map scale ond contour interval mey limit its usc in two ways,
nemely cs they affcet cost, cnd the cccuracy with whieh elevations
moy be determined., In present day. ground methods of mipping,
costs increcese nearly in proportion to the incrcasc of the mapping
scale. In photogrephic mopping, the number of photographs to be
handled incrocese in the ratio of the square of the scale. It
scems probable thet costs where the Stercoplanigroph is used will
increcsc nearly in this lotter proportion. - If this is true, then
as the mop secale is enlarged, the Storcoplanigraph costs will soon
outstrip those of the ground mcthods.

Accuracy of clevation dectermination is probably ¢ morec ser-
ious factor tham that of cost. Mr. Elicl nnd others familiar
with the operation of the Stcreoplanigraph hove stated thet the
accuracy of clevation dectermination is a function of the clevation
above the ground surface at which the photographs are taken and
that the probeblec orror of such determination is about 1/1200th
©of the flying height. If the mep scale is to be 1:24,000 or 2000
fect to the inch, then with the comerc described, o flying height
of 10,600 fcet would be required. The probnble error of cleva-
tion detcrminctions would be 1/1200th of that height of 9 fect.
If it is nssumed thnt contours should be correct within 1/2 the
interval, it would scem thet a twenty foot interval would be
cbout the smcllest interwval that could be safely uscd on a 2000
foot to the ineh secle, with nssurcnce thet the contour would be
within the prescribed limit. This docs not moke cllowance for
possible horizontel position orrors.
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On dctailed meps for engincering usc, spot clevations add much
to its usefulness; by spot eclevations I mcont numbers, shoving
the clevations corrcet to the nctrest tenth of o foot, of road &
summits ond depressions, rocd interscctions, rond cnd railroad -
bridges, tops of levees, ond to the nearcst 1/2 foot of criti-
cal topogrnphic points as bottoms of dcpressions, summits of
hills, soaddles of ridges, tops of cut benks, water levels of
streams, high fleced merks, ctes It is well not to forget that
unless onc uscs ¢ very smll contour interval of say onc or two
feet thet therc are meny footurces thet cnnnot be properly showm
by contours clone, but they ecn be cxpresscd by ¢ wisc selee-
tion of spot clevations, cven though the contour intervcl be as
lorge os ten feet. Thesc clevntions arec determined in the pro-
cess of contour location by ground methods, so crn be shown
without additionel cost.

Concerning proof of the accuracy of locrntion of the contours
by the Stercoplenigreph method, I connot shorc lMir, Elicl's be-
licf th-t thc production of contours on thc cdjacent models that .
moteh within the speocified limits is o morc convincing demonstro-
tion of the nceuracy of their location than would be the test of
instrument 11y dctcrmined positions and clevotions over the mlpe.
The production of such joining contours meons nothing morc than
o uniformity of product and mny have nothing to do with accuracy. o
of position or absolutc valuc. One hed just as well say that be— o
ccusc o trensit chained troverse closes upon itsclf with o very
- smnll closurc crror thot it is proof thot'the points loecated by
thet troverse ¢ro of & high dogrce of precision., Such closures
meon merely © consistent or uniform mcthod of procedure in mok-
ing the meccsurcments and h~ve nothing to do with the cccurncy
of the troverse; if the methods are vrong, the position will be
vrongs. ‘Ono:cen toke o tape which has 2 length 50% in orror.ond
run a troaverse thet will close perfectly upon itself, yot loented
positions will be in crror by 50C% or morc.

It scems to me that the Stercoplonigraph con be used to best ‘
adventage in open country having rother shorp ond definite rolief
forms and ct map scales of 1:24,000 or smaller iwith contour inter-
vals of not less than 80 fect.

The questions raiscd by me in this discussion c¢oncerning the
limitcations of the method arc not intended os cdverse criticism
but arc intended to provoke discussion th~t these points mey be
clearly understood by 1l of us. If theore cre limitations, they
should bc clearly understood ~nd rccognized. No onc thing could
do the Stercoplonigraph cnd indeced the entire subjcct of photo=
greommetry more thon © . attompts to usc the method on mnps bo-
yond its limitntions, thereby ccusing foilure ond dissatisfoctions
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REPLY TO MR. BROVN'S DISCUSSION

by
leoon M -REkiol

Mr., Brown hrs reiscd 2 number of pertinent points in his
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discussion ond to do justicec to the cmswer would requirc cnother
poper ot lecast os long s the original, No attempt will therefore
bc mcde to give complete cuswuers to o number of Mr. Browvn's sug-
gestions, but some of the mero impertent ones will be touched upon
insofer ~s spacc permits.

Er. Brotm asks s to the 1limit of lorge scale plotting for
which the Stercoplenigroph is suitcoble. The writer is not pre-
pered to ansuer whot the limit is although he has hed considerable
experience at plotting mnops ot seales of onc inch cquels 20 feet
end one inch cquals 30 feet mrde to the folloving specificctions.

"Tn any squoarc measuring 100 feet on o side, the mean ground
surface os depiected by the contours, shall not vary fram the truc
ground surfoce on an avernge of mere thon 3/4 of onc foot, measured
normcl thoreto.™

I on afraid that Mr., Broom heos misunderstood my stotement
relative to ropresenting the ground mercly os o point, ~nd the
ereation of 2 contour linc s o continucus scrics of pcints. Those

cmilicr Tith stercoscopic instrumcnts will ot oncc “pprecicte
that the cntirce surfree of the ground vithin the ficld of opera-
tions is revenled in beautiful stercoscopie relicf, It should be
noted th~t I snid thot we ere only interested in one point on
the grcund ot any given instant.

There are certain flot crecs of the United Stoates ivhich are
not suitcble for stercoscopic plotting. I conmot, houever, agrec
that 50% of thce arcc of the United States is unsuitoble for
stercoscopic plotting. Slightly rolling and undulated country
is idc-l1l for this method. In clarifying this point, it might be
said thot in any country vhich is so {14t th'e o mop ot & seale
of 124,000 would have to heove 5 feet contours to cppreprictely
revecl the surface of the ground tvhich is toc flat for sterco-
scopic plotting bv the cericl method.

Mr. Brovm is mistokon in qguoting me as having scid thet the
probeble error in the determinction in cny elevation vill be
1/1200th of the flying heighte. It hos becn stntcd thot the prob-
cble meximum error of Stereoplonigroph work will be 1/1500th of
the height.

Mr. Brovn aopparcntly fails to underst-nd thct the orca plottaed
from cach stercoscopic medel, on o machine such as the Sterccploni-
groph, is, for c©ll prretienl purposes, an indcpendent survey, ecch
boascd on o separate sct of ground contrel ncints. I cm inclined
to believc thet if Mr. Browm mrde & boundnry survoy by instrument
of ~ certnin percel of lopd, ard thet if the same bound-ry lines
in this porecel werc resurveycd in the course of miking o boundary
survey of five or six adjccent pearccls, nnd these other surveys
cll confirmed the length cnd becring ¢f kMr., Brown's lines,.that
he would considcr this o pretty fcir checke. :
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REPLY TO MR. ELIEL'S REPLY TO MR. BROWN
, . BROWN
We N. Bro'm

My curiosity is still unsatisficd conccrning most of the
points upon which it had been ~rcused by Mr. Elicl's peper on
the Stercopleonigrephe I sincercly hope cithor Mr., Elicl or sono
other ocunlificd person vwill give at on corly date thet other
pcper vhich he scys would be recuired to cnswer the peints I
hove reised., I will give some of the particulers in vhich Mr,
Eliel's rcply do not satisfy me, in the hope that somecone will
be meved to discuss thosce mrtters ~nd bring ~bout a2 elecrer un-
derstcnding rather thon just aeccept the stotconents mrde.

My question ns to the limit of sctlc ond contour interval
to wvhieh it vos practiccoble to usc the mothod, referred to the
method described, nomely its usc of four lens acricl photogrophse
The usc of the Stercoplonigraph on scale of onc inch equals 20
or 30 feet, monticned by Mr. Zlicl, unquestionably refors to
its usc of photographs trken with the phototheodolite vhich, I
tcke it, is another metter cltogcther.

The specificctions nentioncd for this 20 fcot to the inch
contour vork do not convoy ¢ clear mecning to me. I hove tricd
tc cpply then to ¢ specific crea in vvthich in the spoece of 2 hun-
dred feet there are four distinet ridges ond ravines, coch tok-
ing four or five contours. The tords ™acon ground surfoee os
depicted by the contours™ docs not scem to mecn cnything cs ap=-
plicd to the cccurccey cond cxpression of thesce contourse. The
neen ney be for from the truth ot eny particuler peint. My mind
does dcemrnd o specification thot will require the true repre-
sentction of the contour £t every pecint. I confess I do not
underst-nd the specification. Will sonmconc explain to nie just
what is mecont?

I ~pprecicte the fact thot with stercoscopic instrumonts
the cntire surface of the ground within the vision of the opere-
tor is rcvealed in stercoscopic rellcf. The same is turc to
ncturel vision vhen looking at the terrzin itsclf. I fcol sure
the neosurcment of the vrlue of this rclicef in feet ond corrcet
position for the contours is another mattcr. It wes in connec-
tion .vith this measurecnient thet I understcod the definite points
clong the contour linc hcd to be determincd. I understond thot
the determinetion of those velues by the stercoplanigroph is by
¢ grophic form of intersection in wvhich ~ccuracy is dcpendent
upon the rclstion of the photographic basc to the altitude and
the results are receorded by gotting the floating nark in coin-
cidence. If there crc no distinet recognizable points for the
eye to cctch upon, then it seems to me the pl-cing of the float-"
ing merk in coincidence with the grcund intge for cony pgrtlcu- .
lzar contour vcluc nust be on 1ndof1n1te proeccdurc.

I rn sorry to heve nisquoted in conncetion with the roctio
expres:-ing the accuracy of clcevetion detcrmin~ticon., I hope
sonieone wwill teke o specifiec exanple of mop sccle, flying height,




focal length and other foctors nnd discuss the cecurncy of eleva-
tion determinations with the Sterecplenigroph. The stotement of
nexinun crror ratic does not sotisfy. What is the probable ce-
curacy cf these determinctions? For excnplc, one moy safcly say
thet elevations nay be determined with o wye level with such ce-
curacy that cll elevrtions will be corrcet within one hundredth

of ~ focts Whot is this wvolue for the nceurccy of the Storece-
plenigreph, cithor in reiio of flying hcight or in cetuel figurcs?

I still mointain thot the nrtching of ceontours on rdjocent
nedels ~nd the ~greencnt of severrl surveyed@ lincs cormion to cd-
Joeent parecls is not cny check s to obsolute cccuracy, regard-
less of the fret thnt I, like mnny others, nrny be prone to ccecept
it as such “hen it is cur om vork that is in ggrecnent. The only
test of cccurney of position nnd/er eleovetion is o definite in-
struncntrl determinetion in thich the test line originstes from
end closass upon dofinite control points of ¢« knovn higher degroe
of cceurncy than that of the test lincs., Prefercbly using cntirce-

. ly different nocthods, I nsk for positive tests - not relaotive
releticnships bascd on ¢ unifornity of cssunptions and recthod of
proccdurce.
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= *HOW FAR DOES THE PRECISION OF AFRIAL PHOTOGRALIETRY SATISFY THE
DEMANDS OF CADASTRAL SURVEY?
by v
O. v. Gruber of Jcna .

The procision of nmecsurerient with stereoscopic plotting in-
strunicnts is 1l rgely roverncd by the flying height, ~nd further
by the relative spacing of the exposurcs. In nddition, it is de-
pendent upon the foecl length of the coniers uscd. A four chorae-
teristic cxcnples will give cn idea of tho frets withcut the necd

. of geing into too rwech detcil:
PICTURE MAP :
_FLYING HEIGHT SCALE SCALE MP ML
1. SwiTZERLAND (WiLD|  ABOUT 2300w, 1:14000 | 1:10000] +1.56m.  $1.19m,
INSTRUMENTS J.vuas (7500 r1.) ($5.11 F1.) $3.90 F1.)
2. SwivzerLano(Zeiss| 2700 to 3500m, 1:13000 | 1:10000| $1.24m. $0.91y.
INSTRUMENTS )seuss | (9000 TO 11500 Fr. )| TO 1:17000 ($4.06 F1.) ($2.98 F1.)
3. HoLianp (Zeiss 900M, 1:4300 1:1000] $0. 19m.
INSTRUMENTS Jeusss {3000 r1.) (4$0.62 FT1.)
3 4 BERLINGsscosassns 340m, 1:1650 1:500 £0024Mo
et (1100 rr. ) (£0.79 F1.)
Ss BEMLING . .onesiis 350m, 1:1700 1: 1000} 0. 35M,
(3150 ¢71.) ($1.15 F7.) '

Froin the foregoing figurcs, it will bc scen that the crror in
position (nmp) increascs with the flying hoight vhere larger
heights arce concerned, while, oddly, it does not diminish with
lesser hcights. The renson is not only thet cxemplos (1), (2) and
(3) refor exclusively to shorply defincd points (marked stones,




