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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



1:24,000 or at inches to tho mile uith a contour intervcl of
20 feet. More than 80% of tho engineering demc.nd is for maps
of ~ larger scn~e than 1 inch equcls 1000 feet, nnd much of it
is for maps on a scale of 1 inch equals 200 feot or l~rger. The
contour interval demanded is usuelly from n five foot intervcl
do\T.n to 1 foot interval. It would be of greet interest to know
hou well the stereoplanigraph will meet tho damands for mops of
this cless and what is tho upper Gcnle limit of its prncticQ~ usc.
Also sCGle and contour intervcl alone ~~y not be the determining
factors limiting its use. Type or country must soriou8Unffcct
its use, such as timbered arocs nnd those urens of Slight relief
lacking in definite shcpos or recognizable individu~l points.
Mr. Eliel states nAt any givo instant \1e c..re only ;interested in
one point on the ground--thct iO, we constantly construct our
contour line as Q continuous serios of points." It must follow
thc.t in c monotonous type of country, especiclly if covered ~ith

grnss or timber, the contour locQtion must bo indefinite due to
the lack of definite recognizable points for locQtion c.long the
line of the contour.

In the eestern st~tes, more than hnlf of tho urea is covered
by timber. In the Mississippi Vnlley end uestern crens, there
nre vest gress cavcred pInins end uide river valleys uith slight
relief where the shapes from a sterooscopic view point nrc non
existent. Use of the method in these crees I should think TI~uld

be both difficult and unsatisfactory. It seems probable that 50%
of the areD. of the United st~tes will not bo adapted to its use
from these CQUSOS clone, regardless of the sc~le ~nd contour in
terval that may be desircble.

Map scale end contour interval ~~y limit its use in two ~nys,

nc~ely cs they effect cost, c..nd the c.ccurncy ~ith which elevntions
may be determined. In present dny -ground methods of J:l,-.pping,
costs increc..se ne~rly in proportion to tho increQse of the mapping
scnle. In photographic mcpping, tho numbor of phot6grcphs to be
hnndled incroase in tho rGtio of the squaro of the sccle. It
seems probo..ble thc.'t costs r:hcre tho storooplc.nigrc.ph is used \\Till
incre~se necrly in this letter proportion. If this is true, thon
ns the mnp sCQle is enlarged, the sterooplanigruph cdsts TIill soon
ou~strip those of the ground methods.

Accuracy of elevation determination is probably c more sor
ious factor than that of cost. V~. Eli01 nnd others familicr
uith the operation of the storooplanigrcph hc..ve stated thc..t the
nccurncy of elevation determination is n function of the elevation
abo~e the ground surface nt nhich tho photographs are tcken cnd
that the probcble error of such determination is about 1/1200th
of tho flying height. If the mcp sccle is to be 1:24,000 or 2000
feet to the inch, then with the ccmerc describod,- n flying height
of 10,600 feet uould he required. The probl"'..ble orror of e)_;~va..

tion detorminctions ~ould be 1!1200th of thct height of 9 ~eet.
If it is r..ssumed thr.t contours shoUld be corr0ct 'i"fit·hin 1/2 the
interval, it would soem th~t c. tuenty foot interv~l would be
c.bout the smr.llest intervc.l thc. t could· bo sc.foly used. on 0.·2000
foot to the inch sccle, nith r.ssurcnce thr.t tho contour ·uould bo
Hi thin the proscribed limit. This doos not m::'.ke c..llorro.nce for
possible horizont~l pOSition errors •

. ---~ - ~-------------.,;.------------
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On detniled meps for engineering use, spot e~cv~tions ~dd much
to its usefulness; by spot elev:.-.t ions I moe-nt numbors, shoy:ing
the elevctions corroct to tho no~rost tenth of ~ foot, of rand
summits ~nd depressions, ro~d intersections, ro~d ~nd rnilro~d

bridges, tops of levees, ~nd to tho necrest 1/2 foot of criti-
cal topogr~phic points ns bottoms of depressions, summits of
hills, sc.ddles of ridges, tops of cut bcnks, ~Gter levels of
stroc.ms, high fleed mcrks, etc. It is tJell not to forget that
unless one uses c very sa~ll contour interval of SQY ono or tuo
foot th~t thero ~re m~ny fo~tures th~t cnnnot bo properly shoun
by contours clone, but they c~n be expressed by ~ ~ise selec-
tion of spot elovc.tions, even though tho contour intervcl be cs
l~rge ~s ten feot. These elev~tions ere determined in the pro
cess of contour Iocr.. tion by ground mc-thods, so crn be sho':m
uithout additional cost.

Concerning proof of the Qccurncy of loc~tion of the contours
by the Stereoplr.nigrc.ph method, I cr-nnot sh['.re M:r. Eliel' s be
lief thr,t the production of contours on tho c.(j.jc.cent models that
mc.tch uithin tho specified limits is c. more convincing demonstrc
tion of the ~ccurncy of their locc.tion thQn ~ould be the test of
instrument'lly determined positions a.nd elevc.tions over the ~~p.

Tho production of such joining contours meQns nothing more thc.n
r. uniformity of product end m~y he-ve nothing to do uith nccurc.cy
of position or c.bsolute v~lue. One hed just cs 0011 sr.y that be
cC.use c, trr.nsi t cha.ined trc.verse closes upon i tsclf \~ith D- very

'. sme.ll closure error thi.t it is proof that the points locr-..ted by
th~t tr~verse ~re of ~ high dogroe of' precision. Such closurus
mo~:n merely f'. consistent or uniform method of procedure in me-k
ing tho IJ.cf'.suroments r.nd h~.ve nothing to do ':.-i th the c.ccurr.cy
of tho trc.verse; if the methods c.ro ~rong, the position TIill be
r:rong. One ·cc.n tr.:ko n tc.pe ';::hich hets c. length 50)'; in orror c.nd
run a. trD-verse thc.t ~ill close perfectly upon· itself, yot loce.ted
positions uill be in error by 5~~ or more.

It seems to me that the StGreoplc.nigrnph cc.n bo used to best
a.dvc.ntage in open country hnving r~'ther shr.rp ::-.nd definite rolicf
forms c.nd r.t mc.p scc.lcs of 1: 24,000 or smr,llcr '.-ii th contour inter
vcls of not loss thon 20 feet.

The questions rciscd by me in this discussion concerning tho
limitctions of the method erc not intended e.s cdverse criticism
but nre intended to provoke discussion th~t these points llir'.y bo
clGc.rly understood by ~ll of us. If there ~rp limitctions, they
should bo clearly understood ~nd recognized. No one thing could
do the Stereopl~nigr~phGnd indeed the entire subject of photo
grr~etry more th(:n .' ctte~pts to use the mathod on m~ps be
yond its limitr.tions, thoreby c('.using fr:~ilure end dissetisfc.ction ..
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REPLY JO :MR. BRmIN'S pISCUSSION,
by

Leon T. Eliel

Mr. Bror;n ht. s rc.isod r:'. number of pertinent point s in his
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discussion ~nd to do justice to tho ~lls~er nould require Qn~ther

p<:'.por <:'.t lenst c.s long ~s tho originc..l. No o.ttempt \:ill therefore
be mnde to give complote Qns~crs to Q number ef Mr. Bro~nts sug
gestions, but some of the ill0re import~nt onos ~ill be touched upon
insof~r ~s space permits.

r~~r. Bronn f'..sks ::~s to tho limit of lc.rge scc.lo plotting for
17hich tho Sterooplc.nigr2pb is suit~blo. Tho \.ritor is not pro
pc.red to c:nm',er "7hc.t the limit is C'..lthough he h~s hr..d cOllsider<:"ble
experience et plotting m~ps c..t sCQles of ono incb equ~ls 20 foet
f'..nd one inch equnls 30 foet m~dc to the follo~ing specificc.tions.

"In any squo.ro mOf.'..suring 100 feot on 0. side, the menn ground
surfnce QS depicted by the contours, shell not v~ry fram the true
ground surfc.ce on an o.vornge of more thnn 3/4 of ono foot, mcnsured
norrnQl thereto."

I o.m nfrnid th<:'.t ~J~r. Bro·.·.'!l. hns misunderstand roy st~tement

relc.tivo to roprosentir~ the ground merely ~s 0.. point, ~nd tho
crection of Q contour line ~s ~ continuous sories of points. Those
fe.roilier 7Ii'~h stereoscopic instruI1l..::nts '::-ill r..t once '~.pprecio.te

thnt tho entire surfo.ce of the grcund ~ithin the fi~ld of oper~

tions is revoc.led in bec.utiful otorooscouic relief. It should be
noted th~t I snid th~t ~e ~~re only interosted in one point on
tho ground c.t ~ny given instnnt.

There t'.re cortnin flr.·c c.rcc.S of tho Unitod StC'.tes ',;hich ::lre
not suit~.ble for storo.oscopic plotting. I cc-nllot, ho;;ovor, c..greo
tho.t 50% of the c.ree of the Unitod sto.tes is unsuit~blc for
stereoscopic plotting. Slightly rolling nnd undul~ted country
is ido~l for this method. In clo..rifyin; this point, it might be
snid ,thf'. t in r..ny country ~;hich i ~ so f Ltt th~.t C'. mc.p c~ t c. scc..le
of 1:24,000 r:auld ho..ve to .hc.ve 5 feet contours to c.pprcpric:tely
roveL'.l tho surfnce of tho ground ;,7hich is too flr.t for steroo
scopic plotting bv the ~oricl method.

Mr.Bro~n is mistaken in quoting mo no ho.ving s~id th~t the
probe.blo error in the doterminc~tion in cny elovc.tion ·...ill bo
1/1200th of tho flying height. It hr.s beon str.tod thc-.t tho prob
~ble mL'.ximum error of stereopl~nigr~ph\~ork ~ill be 1/1500th of
tho height.

Mr. Bro\":n c.ppo.rontly fQils to undorst~·.nd th:-.t tho e,reo. plott~d

from ecch stereoscopic model, on c mechine such es tho storocplcni
gr['.ph, is, for c.ll prr.ctic0.l purposes, en independent survey, or-.ch
bcscd on ~ sep~r~te set of ground control ~0ints. I <:'~ inclined
to believo thc.t if Mr. Bro1~ ~rde c boundr..ry survoy by instrument
of ~ cort~in percel of lend, cr.d thrt if the SCfle bound~ry lines
in this pc:rcel nero resurveyod in the course of I!l.~.king <. boundr.ry
survey of five or six o.dj~cent pcrcols, ~nd these other surveys
ell confirmod tpo lenBth c.nd be<.ring cf hIT. Brown's lines,.th<.t
he uauld consider this ~ protty fcir chock.

-000-
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REPLY TO MR. ELIEL'S REPLY TO Ivffi. BROV-VN'-by _._-

'IN. N. Bro~:n

My curiosity is still unsatisfied concorning most of the
points upon \"lhich it hr.d boon :--rcused by 1·~r. Eliel' s peper on
the sterooplcnigrcph. I sincerely hope eithor Mr. Elicl or SO~le

othor qu~lified person ~ill give nt ~n e~rly d~te thrt other
pr.per '7hich he s['.ys \7ould be required to ['.nS~;j0r tho points I
h~ve r~isod. I ~ill give 'somo of the p~rticul~rs in ~hich Mr.
Elicl's roply do not sc.tisfy mc, in tho hope thr-.t someono \"Jill
be moved to discuss these n".tters f'.nd bring~.bout Co clec..rer un
dorst~nding rnthor th~n just nccopt the st~toDents m~do.

My question ~s to tho limit of sc~lo ~nd contour interval
to ~7hich it ·...-['.3 practicc.ble to uso tho method, reforred to tho
method described, nf'.moly its use of four lens c..erir.l photogr~phs~

Tho uso of the stereopl~nigr~ph on scnle of one inch oquQls 20
or 30 feet, Dontionod by fur. Eliel, unquostionc..bly rofers to
its use of photographs t~kon ~ith thG photothoodolite ~hich, I
tcko it, is c..nother m~ttor ~ltogvther.

Tho specificr-.tions Dontionod for thiz 20 foot to tho inch
contour r'ork do llot convoy C'. clec..r moc.ning to no. I h.:'.ve tried
to r..pply thom to c. spocifi C ['.reG in ,':hi ch in the s]1'.co of c. hun
dred feet thero r,re four distinct ridges r.lld rl:..vines, e['.c11 tc.k
ing four or five contours. The ~:ords "moe.n ground surfc.ce e.s
depicted by tho contours ll does not seem to l:1e::"n l'.nything C.S ap
plied to the c.ccur~cy c.nd expression of these contours. The
mo~n ney be fer from the truth c.t c.ny pnrticulc..r point. My mind
doos domGnd n specific~tion·thc.t ~ill roquire tho truo repro
sentc.tion of the contour r..t ovory point. I confess I db not
understr·.nd the specificc.tion. Will someone explnin to ne just
rrhc. t is roc.nt?

I ".pprecic.to the fe.ct th:-.t With stereoscopic instrmlCnts
the entire surfcce of the ground ~ithin the vision of tho oper~

tor is revonlod in stereoscopic relicf. The sene is ture to
n~turnl vision \TIen looking at the terrcin itself. I feol sure
the I:lOC'.sUrc."'Ucnt of the Vf'.lUG of this relicf in foet c.nd corroct
position for the contours is another mntter. It ~c.s in connoc
tion.~ith this meGsurencnt thct I understcod the definite points
~long the' contour line h~d to be determined. I underst~nd thct
the dcterninction Of' these v~lues by the stereopl~nigr~ph is by
~ gr~phic form of intersection in TIhich ~ccurccy is dependent
upon the relrtion of tho photogrcphic bcse to the cltitude ffild
the results nre recorded by getting the flonting n~rk in coin
cidence. If there ere no distinct recogniznblo pnints for the
eye to cr.tch upon, then it seems to rle the pl~.cing of tho flotl.t-·
ing I!l£'.rk in coincidence \".'i th the grcund in::'.go for f:ny pc.rticu- •
lar contour v~lue must bo ~n indefinito procoduro.

I r.n sorry to hc.ve nisquotod in connoction :-:ith the r~tio

expres:ing the c..ccur['.cy of elovc.tion detorD.in"tion. I hope
soneone ~:;ill t~ke <:: spo cific oxcnplo of r:lf.p sc~lo, flying he ight ,
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focnl length and other f~ctors ~nd discusrr the ~ccur~cy of eleva
tion determinations r:i th the Storec·plr.nigrf'.ph. The stc. tenent of
n~xinurl error rntio does not SGtisfy. ~hct is the probable GC
curncy ef these deterninLtions? For eXf'nple, one n~y scfely say
thct elevc.tions I.lfI.y be deteI'l'1ined ",:i th c. \;ye levp,l r:i 1;h such c.c
curacy th2.t ell elovt".tions ";'!ill b0 correct :!ithin one hundredth
of ~ foot. Wh~t is this vclue for the cccur~cy of the storee
plQnigrcph, 0ithor in ~.tio of flying height or in ~ctunl figures?

I still D~int~in t~~t the ll~tchiD6 of centours on ~djGcent

I1odols ['.nd the ,~.groen0nt of sevor~.l surveyed lin-.;s cor.lI.lOn to c.d
j~cont p~rcols is not ~ny chock ~s to cbsolute Gccurncy, rcgnrd
less of tho fe.ct thr,t I, like nf.lly others, n"".y be prono to c~ccept

it ns such '.:hen it is cur O·.:n iJork thD.t is in o..greoncr..t. The only
test of 2ccur~cy of position ~nd/or elovrtion is ~ definite in
struI'.1ontr.l deteI'l:linc.tion in 1:'11ich tho test; line origin,:. tes from
end closes upon definite control pcints of ~ knor~ higher decroe
of c.ccurGcy th['n th~t of the test linos. Prcforcbly using entiro
ly different Dothods, I ~sk for positive tests - not relctive
relet icnships ba.sed on r. uniforIlity of rcssunptions ~~nd n::; thad of
procedure.
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*HOW FAR DOES THE PRECISION OF AErtIAL PHOTOGRAl,J'3TRY SATISFY THE
DEMANDS OF CADASTRAL SURVEY?

by
o. v. Gruber of' J"enn .

The precision of nCQsurenont ,7ith stereoscopic plotting in
struncnts is l~rgely ~overned by tho flying heiGht, ~nd furthor
by the relative spacing of the exposures. In ~ddition, it is de
pendent upon the focc.l length of the C'-.r.lOrc~ used. A 1'01.:- chc.ro..c
tcristic exc.r.lples 'aill give f.n ideo. of tho f:,.cts· ".·:i thc,ut the need
of going into too nuch dotcil: .

PICTURE MAP
. fLY ING HE IGH!~_ SCALE SCALE MP ML

1. SWITZERLAND (WILD, ABOUT 2300fA. 1: 14000 1:10000 ±1.5OO. t1~~ g,,--
INSTRUME~TS) ••••• (7500 F"T.) (±5. 11 n.) ±,3.90· FT.)

2. S~ITZERLAND(ZEISS 2700 TO 3500M. 1: 13000 1:10000 ±1.24M. to. 91 ¥.
INsTRUMENTS}••••• (9000 TO 11500 rT.) TO 1:17000 (±4.06 n.) (f:2.98 n.)

3. HOLLAND (ZEISS 900M. 1: 4300 1:1000 %0.19M.
INSTRUMENTS) ••••• (3000 n.) (±0.62 n.)

4. BERLIN••••••••••• 340M. 1: 1650 1 :500 ±0.24M.
(1100 n.) (±O.79 n.)

5. BE~LIN•••••• ~ •••• 350M. 1: 1700 1: 100Q to. 35M.
(1\50 FT. ) (±,.15n.)

I

FraIl tho foregoing figures, it TIill be seon ~h~t the prror in
position (np) increo.sGs TIith tho flying height ~hero' larger .
heights nre concerned, uhile, oddly, it does not dininish i;Ii th
lesser heiGhts. The rec-son is not only thc.t exc.nplos {l}, (2) cnd
(3) refer exclusively to sh~rply defined points (ncrked stones,


