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AUTO-STEREO-SURVEYING. 

Auto-stereo-surveying is the latest de- 
velopment of stereo-plioto-surveying, itself 
the result of tlie quite recent applicatiou 
of the principals of stereoscopy to photo- 
surveying. I n  t l ~ i s  latter process, as one 
1<11011rs, tlie relative positious of ol~jccts 
are determined alicl ljrojected ou to the 
horizontal plane 11y means oF data afforded 
by tlieir ~ ~ l i o t o g ~ ~ a l ~ l ~ i c  rel)resciltation. 

Auto-stereo-survey i 11g as applied to 
topograplly, \vit,ll n liich only we will 
conceril oul-selves here, is tlie perfected 
form of a metllod O F  photo-surveying, t l ~ e  
originator of which was undoubtedly 
Colonc81 Laussedat (1319-1907). 

It \\as actually in 1854 tlrclt Coloilel 
Laussedat foresaw t l ~ e  application to 

of pictures in natural perspec- 
tive, as given by t l ~ e  camera lucida; and 
after 1859, of photograpliy, as soon as 
apparatus aud processes sl~ould begin to 
be fairly pritcticable. Pnrticnlarly bet- 
wecu 1863 and 1871, w11c.n wit,l~ the 
assistacce of ill M. Javery ancl Galibardy, 
using liis ~liell~ods and liis apparatus, Ire 
completed numerous plans of ~ ~ l i i c l i  tllc 
results were absolutely convincing. 

But i t  was not till 1910, that the 
Prencli Service Gdogmpliique began to 
make a practical study of tllc uses of 
pl~oto-surveying, to nrhicli i t  l ~ a d  previ- 
ously attached no importance, as we shall 
sliow briefly. 

I u  1884, t\veut,y years after Laussedat's 
work, we find the folloning in tlle " Course 
of Topograplly at  tlie Scliool of Artillery 
and Eugineering ", the nursery of our 
Survey Officers. (Method of ~~econnais- 

snnce S U ~ V P Y  by Colonel Romieuu, in an 
appendix to mapping from tlie perspective 
a.nd tlle study of the Schrader orographe). 

" Photography will give equivalent 
results only wlien i t  I)c~comes possible to 
obtain quiclily and a t  the station of 
observation itself a print, on ~vliicli one 
call dr:l\v, t l ~ a t  is to sap ~\>lic.u we need 
ask tlie Ca~nera to do notlling more than 
that of wllich i t  is capnble, namely to 
produce a rapid, exact and intelligi1)le 
picture ". 

111 1890 again, in an official publication 
by the Service G6ogmpliiq1le de 1' Annde : 
Tfle dfop  of A-ance (1750-1898). His- 
tog.icul Stucly, by General liertliaut, we 
find the following expression of opinion. 

" W e  can, t,llen, 100li on pliotograplly as 
an aid, sei.vicable ojzZ,y on occasions, and 
not as a substitute for the usual methotls " 
(p. 321). 

Now,at this time, the Institute GLogrn- 
pllique Biilitaire of Austria, after having 
devoted tho years 1891-1 894 to experi- 
meuts with Ln.ussedat's metllod, had, after 
1895, definitely adopted i t  for all favora- 
ble regions and had already mapped, by 
the ~ne t l~od ,  about 400 square kilometres 
on the scale lj25000, a t  n mean rate of 
120 square kilometres a year, which after 
1900, rose to 180 or 200. 

I n  1911, in  tlle Elementsand Prilzci- 
ples of I'opography by Colonel Crouzet, 
also published by the Service GBo- 
graphique de 1' Armke, this is how the 
author expresses himself in a chapter of 
two pages on tlie suhject of stereo-photo. 
surveying. 
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" The great difference betmeon photo- 
surveyiug n ~ d  stereo.photo-survchying 
lies esserrtially in the fact that in tlre 
latter the bases are mucli shorter t l ~ a n  in 
the former. I n  certain cases this is a 
great advantage, but i t  cannot be con- 
cealed that i t  is nlso n serious defect, in 
that  it is a violnii01a oJ n pr.itrcble r l f  
opplietl geonlett.y, wlbich p r e s c r i h ~ s  the 
aaoid i t~g o f  great  ?~ tnga iJ i ca t io~~s  or. tolint 
c o ~ ~ l e s  t o  the sar~te tl~ithy, i t ~ t e ~ . s e c t i o ~ ~ s  nt 
100 nclite angles. 

" O i r ~  serious dr~citobncll. is tlre rzecessity 
of p lac i~rg  the sheets o f  glass in the snme 
cert icnl  pl(irre atrc i t  is  this zohicl~ littiits 
the lellgth of  the base. 

" One of tlie advocates of the use of 
photograpl~y has rightly drawn a parallel 
between stereo-photo-surveying and "the 
method of paral1:ixes \\.it11 wllich astrono- 
nlers are forced  to be C O I Z ~ P I Z ~  * " ; there 
could be no more frank admission that it. 
is a last resozo.ce, mliicll m:ry. liomever, 
be found, in exceptional cases, to be of 
use" (I). 236). 

And furtl~cbr on, in conclusion: 

" We lrnrc gone into tho tliscussion at 
solue lrngtll, beccrnse FrnllcP, thp 
qrlesftor, y/' pI'oto!~ruphy hns bcob rnisetl 
quitlt orb ~ ~ t t ( l t i e  rttl~ort~lt qf rioine 0 t h  t h ~  
p a r t  of certnilr of it8 srrppot.fcl.s. 

F r o ~ u  tlra deptl~s of t l ~ r i r  offices some, 
ucon\-incrtl that p11otogrnl)hg cnn be used 
in almost, all circumstances, ~ v l ~ e r e  n rocorl- 
naissance or n study of terrain is required", 
have announcc\d t bat t 11e oltl proccwes 
have scrvt~d their time ant1 it was only 
"pcrsons out. oE date, sceptics, and parti- 
sans more or less disinterestetl" tlrnt 
would placc obstacles in the nay O F  this 
movement. 'l'liesc amrnitics, ml~icli \ ~ C I I  t 

Leoc-edat. ~ c c l ~ c r c l ~ e e  rnr les Inbtrllmentu, 1cn metb-  
odes et lc dcss~n topogrn~rb~qnes,  Vol. 11 par t  2 page 209. 

further in  the case of opponents who 
mere no longer able to retaliate, could 
only harm a cause, in support of which 
i t  would see111 the:.e were no better 1 arguments. 

" I t  was fortunate that otllel.s, better 
advised, more practical and in consequence 
ha\'ing greater autl~ority, set to \voi.k 
quietly, in contrast to these fussy 
manifestations, ant1 def i~~ed exactly the 
sphere of efficient application of tlie new 
n~etllods ant1 by so doing have rendered 
a very real service*. 

" Wherever tlie old metl~ods call he put  
into practice, the advantage rests with 
then1 and so far, in their own sphere tiley 
liave ?ro t 1.ivn1, fi.011~ ccny po i t~ t  o f  cie lo  +, 
but i t  can be seen that there are certain 
exceptional cases where one nrould very 
gladly employ pl~otography and t l~ i s  fact 
is sufficient justification for lieepiug in 
touch ~vit,ll tlie practice of this metl~od. " 
(p. 259). 

We will slio\r that the "drawback" of 
nrliicl~ the autl~or spealts, has becn elimi- 1 nated since 1900 and illso that the limita- 
tion of the lengtl~ OF l~ase, far f ro~n having 
bccn imposed hy this supposed dra\vl~nck, 
as lic belit:ves, lras l~ccn t l ~ e  erztl alatl ohjcct 
stt-ic-rtb Jot- by the creators of the iicw 
metlrod, Pulfricl~ and Vnn EInl)l, \ ~ l r o  to 
aclricve this cnd, tnoli advantage t f  t,he 
great precisio~r ol.sfrt*rosco1)icinters(~ctions. 

Pinally, t l ~ e  a~~t l ro r  is under t l ~ c  im- 
prt>ssion t,l~at t h c  two st,ations must I)e a t  
the same lcvcbl nrl~icii is certnir~ly not t l ~ e  
case. JI~re t r \~c~r ,  as tllay he sccln, he is 
a1)solutt~ly silvnt rtyard i ~ ~ g  the rcally 
fundamental diffcrc~~ca \\-lrich const,itutes 
n most important ntlvnncf: upon t l ~ c  old 

. -- .. ... . . . - - 
* 11. nul l  J .  F n l l , , t  : T l ~ r  npplicnt ion of pbotnjira1,Lyv to 

tnpn~rnph ic .n l  ~ n r r e i ~ ~ g  i l l  hi.?h ruollntnins. I'nris. Cnnthicr- 
Villnrs. ll307. (note Ity Ll~e n~i tbor  qllotkd). 

t 14 itnlics in tbe text. 
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photo-surveying, that  is to say, the eli- 
n~i~zation (~ the g~ecessity of itlentgyitbg 
poi~lts  on tlie photograpliic printas. 

H e  nlould seen1 to have iguored all  h e  
Intel. pltblicotioas, very precise on tliese 
points, publisl~ed by the Inst i tut  G6ogra- 
phique Ililitaire of Austria (Nos. 2, 3 and 
4 of the brief bil)liograpl~y given on p. 6). 

I t  may be atldrd that the Ore1 Auto- 
stereo-plotter 11as been known since 1008, 

a lolls througl~ the medium of three public t ' 
by its inventor, namely ; in 190s and 1909, 
in tlle I~/ter~rzotio~~(tles Al-chio .fii~. Photo- 
grctnrl~i~trie, aurl i n  1910, i l l  Peler-~r~ct?l~~'s  
Illittl~eilzt~tyen. 

Finally, in 1012, in another vrork p111)- 
lished by t l ~ u  same service u ~ ~ t l c r  t l ~ e  title 
Bpp~*ec ic~ t io~~  qf g~.otcncl fo~.ll~s a t ~ d  the 
?*entli~,g qf ~rccrps bg Gencrnl Bclrtl~nut, a 
morli extrc~nely interesting O I I  ot h ~ r  
grounds besides being instructive and 
autlloritative, we find this gunrcled stnte- 
ment : "\\re canilot discuss liere the eel-y 

co~~trocersitrl qucstion of tlie use of pers- 
pective clra\\rings and. in pa r t i c~~ la r ,  of 
pl~otog-rn~hic l)e~.spectires in t l ~ e  prepara- 
tion of maps". TT'c Diny clranr attontion 
to the fact that  a t  t l ~ s t  ruome~~t, ,  (Map 
1912), t l ~ e  Institut G6ographiquc i\I.ili- 
tnire of Aust,ria liad rnaly)cd about 4#,900 
square kilolnetrcs by mcalls of I,liot,o- 
siwveyin:. 01 tlris 2370 \\crc done I)y 
stereo-p\~ot,o-snr~(~y ( t l~c?  rccc~lt  a n d  
matcrinlly iml~rovctl for111 of 1)lloto-sur- 
rcying) al~t l  t11c Ore1 n~ t to - s t e reo - l ) l~ t l ,~~ ,  
and that :111 t l ~ r s e  ol)erntions 1)y tile 
Vicnnn Institnt 11:1d 1)co11 111ntle tllc S , ~ I ) -  

ject of f111ljr dct,ailcd rcll>orts, as  \vill ha 
seen 1 ) ~  ~ I I C  s l~o r t  bibliogrn1~l~y \vl1icll 
follo11-s :- 

IIo\rcrer in 1011, Colonel Vitlnl, tire 
distingnislictl IIoatl oC t l ~ e  Tol)ogrnl)Ilic 
Scctioll and a confirmed supporter of t]iis 

metl~od, decided to acquire for tlie Service 
Gdograpl~ique de 1' Arm6e a Pulfrich 
" stereo-coml~:~rrzto " and fl*onz that  time, 
the new process has been subjected to 
continuous tests ~incler t he  energetic iin- 
pulse of General Boorgeois I~imself, tlie 
eminent Director of the Service G6og- 
15apllique and of his Assistant Director, 
Colonel Vidal. The  results were abso- 
lutely convincing and now, t l ~ e  Service 
G6ograplrique hns decided to acquire an 
O18el auto-stereo-ljlotter, a n  ingenious 
apparatus ~\.liich, as  we will see later, 
truly opens u p  liinitl(~ss vistas to  photo- 
grapliic surveyi~ig and gives it, iu every 
case, the first place amongst the metliods 
of mnppi11g brolreu ground in  vogue 
amongst the great geogrnpl~ical I l~s t i tu-  
tions. 

O\r iug to tlle prolonged official ostra- 
cism, tbchre are to be fount1 in France fern 
really ilnportant praclical worlis on photo- 
surveying, esccpt t,l~ose 1)y RIM. Joseph 
nud IIeriri TTallot, who, as a matter of fact, 
undcrtoolc, al)out 1898, tile triaugulation 
of the I Iont  Blnnc massif as a fonnd:~tion 
for tlieir map of this region 011  the scale 
of 1 20000, nn iml~ortant  \vork carried ou t  
nf te r \~~nrds  to a great ex t e~ i t  by the me t l~od  
of ~'lloto-snr-reyiug. This is, a t  preseut, 
still in prozress, but  M. 11. Vallot has 
already l)ublisl~cd, in 1807, the provisional 
nud I-emarliablc sheet dcaliug with the  
lower l~ortiolls of t , l~e Cl~aulonix Yalley. 

IVe ]nay dra\v attention also to tlie fine 
map of t l ~ e  glacier regions or the Grnndes- 
ltousses massif O I L  1/10,000 (15 to  20 
sclunre kilou~c~trrs) l)~~l)lislic~cl in 1908 by  
the i\Iinisti.re de L' Agric111tul.e froin com- 
11il:~tions I)y 11 31. Flosin. Jncol), Lafon 
and Off ner I~ascd on their surveys of 1905 
ant1 1!)0G. llowcver, t l ~ e  old met l~od of 
Laussetlnt \\.as uscd here only for the 
mapping of the unapproncliable glacier 
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the  extra-ordinary Ore1 auto-stereo- 
plotter. 

Thc latest pattern oE this instrument 
maltcs i t  possible to construct t l ~ e  map 
automatically, no longer point by point, 
but by colltilliious lines, that is to say the 
pencil, linked t a  the binocular microscope, 
with which tlle observer studies the stereo- 
scopic negatives, traces on tlie plan, 
automatically and without calculation, 
tlie horizontal projection of all the  lines 
of terrain and, what  is particularly 
marvellous, the successive level cor~toars 
of all tracts seen in the two negatires, 
with their smallest sinuosities and at  t l ~ e  
exact interval desired by t l ~ e  operator and 
this up to a distance of 16 kilometres on 
the scnle of 1/25000 with a precision of 
plotting of the order of 1/10 of a 
lnilliinetre and a rapidity mliicl~ ~ a r i e s  
from 2 t,o 5 millimetres per second. 

I n  1012, Mr. \-on Ore1 founded a t  
Vienna a private Society " L a  Stereo- 
griphik " which has alrently carried out  
by means of his apparatus numerous 
precise planr, eit1ir.r on a large scale, 
pnrt,icularl!- on 1/1000 for private scshemes 

exhibiting practical results actually 0b- 
tained to prove that  auto-stereo-surveying 
truly constitutes an  important advance in 
topography and cartography. 

However, by reason of the limitcd 
sp:ice a t  our disposal, i t  will not be 
possible to go into tletails : we shall Lave 
to limit ourselves to a very summary 
description, referring tlie reader who may 
wisli to go more tl~oroughly into the 
matter, to the original works of which a 
very complete bibliography for the period 
1900 to 1811, will be found in  t l ~ e  very 
interesting work of Dr. Pulfrich, entitled 
Xte~,coslcopisches Sehevt a d  Xessen  
(G Fischrr,  Jena  1911). I t  mill be seen 
that  of the 276 publications mentioned 
in this bibliography, only 2.3 are in  
Frcnch, 11 of which are d ~ ~ e  to Colonel 
Laussedat and into one's mind will come, 
perllops with some astooisliment, tho 
rcmarlr of nu aut,llor referred to above. 
"Iu France, far too much noise Iras bcen 
made over tlie question of photoyrapl~y." 

Wo may, I~owever, mention t l ~ c  follom- 
ing fuudarnental works from w l ~ i c l ~  we 
havc, inorcover, borron~ed 1arg~l.v :- 

(projcc~s for cinlls, P i p e  linrs ( (1) " ~ e c h e m h c s  m r  ~ ( A S  i n s t r~~men t s ,  
etc.) or on mediunl scales, e I. tile map of 
t l ~ e  Dnch5tclin massif on 1/25,000 for tile 
nustl. inn hlPine c l u b  r ino l ly  ~ ~ ~ ~ i l ,  
tilc L\rxr.ntine Republic p ~ ~ ~ ~ ~ ~ j ~ ~ ~ ~  

just n(lopred the o re l  anto-stcreo-plotter 
for the survey of their maps and 
their examplc is g o i q  to be followetl 11-3 
Russia, I taly and Smi tzerland. 

The objeknt of this paper is to sliom 
how these extra-ordinary rcsults are 
obtained, tliat is to say, t o  describe the  
cliief elements of the metl~od of auto- 
stereo-surveying, the principles involved 
in tlle instruments used, tlieir manner of 
operation and their use and lastly by 

1"s nlctllods e t  le (lessin topogrnpl~iques" 
(Vol. I1 ?art 2), 1903, ~llblislled by 
Colonel Lnnsqcdat, a few years 11t.fore his 
Il'atli. It Was tile fil'st work rnllicll 
introduced this new methocl to tlre French 
rea'ler and mas vel'Y compl('te for 

As we have seen* a n ~ ~ l l i n g  
has been published in our country since 
then. 

(2) " Die Stereo-photo-grammetrie " 
by Colonel von n u b 1  (Mittheiluagen dee 
K. U. 7.X mililfi). gr70graphischcc Igtsti- 
tutes, Vol. XY 11) 1903. 

(3) "Die Stereo-plioto-gmmmetri~~li~ 
Terrain-nufnalrme" by the same author 



(same periodical, Vol. XXIII) 1904. 
(4) :Beitrage zur Stereo-pboto-gmm- 

metrit." by the same author (same perio- 
.- 
dical Vol. XYIV) 1905. 

(5) "Der Stereo-autograph als rnittel 
zur sutomatischen Verwertung von Kom- 
parator dateu" by Lieutenant E. Ritter 
von Ore1 (same pcriodicalvol. SSX)1911. 

(6) '.Uber die Anmendung des Stereo- 
auto-graplischcn Verfahrens 1 iir Alap- 
pierungszwecke" by tlie same author 
\same ycriodical Vol. XXSI)  1012. 

1I.-Lauvsedat's method ofpl~oto-plotting. 

This consists, first of all, in measuring 
either directly or by means of triangula- 
tion, a base line disposed approximately 
parallel to the expnnse of terrain to be 

The base SS' (fig. 2) having then been 
plotted to scale on the plan, we draw 
from its two extremities or stations, the 
rays AS a ~ ~ d  A'S', in the direction in  
milich the optical axis of the camera was 
set a t  each station and upon each of these 
rays, a t  a distdnce OS=OIS' from each 
btation, equal to tile focal length of tlie 
pl~oto-theodolite, we erect a perpe~lclicular. 
Kest, by means of the abscissz, OX and 
O'X', previously nleasured on the prints, 
we dram the rays from eacli station 
to\vards the point identilied. Tl~eir  inter- 
section is the horizontal projection P of 
tlle point, \\hose altitude can then be 
calculated very easily by means of the 
ordinates OY or O'Y', measured on the 
print, and the focal distance P. 

I - 
mappcbd; and then in takiug from each 
eud of this base, and by means of a special 
photographic camera, the " pboto-tbeodo- 
lite," negatives of the terrain, tlie optical 
axes of the camera being set, a t  each 
etation, in the horizontal and directed 
approxi~uately on the central portion of 
the country to be mapped. 

The plotting of t l ~ e  map iuvolves the 
following operations ; preparing positive 
paper prints from tlie negatives; marlring 
on tbese t\vo p r i ~ ~ t s ,  lines indicating the 
horizoutal a r ~ d  vertical planes passiug 
through tlie optical axis; itlentifying on 
both p r i ~ ~ t s  tlle images ol' evthry point tu 
be plottetl; tinally, 111easuring tlieal~scissn 
and ordinate, OX arlrl OY of each of thesc 
two images, with reference to tlie two axes 
previously traced. 

Fiw. I. 

S S ' 
Fig. 2. 

T e  see that the method of plroto-srlr- 
veying resolves itself simply into the classic 
process of intersection cllaracteristic of 
planetable survcylllg, mitli this difference 
that here we nork, not m i t l i  points 
of the real landscape, but with points of 
photographic images. 

The accuracy of the position of the 
point, tllus obtained, depends, then, essen- 
tially on the magnitude of the angle of 
intersection of the rays and, consequently, 
on the length of the base: but we are 
limited here, first by the necessity of 
having the greatest possible extent of 



country common to the  two negatives, 
secoudly, and more particul:lrly, by tilt: 
very rapidly increasing difficulty of idell- 
tifying the  same points on the two prints 
for the reason that  the images become 
more and more diEerent in appearance and 
more and more difficult to  recognise the 
furtller apart the two stations of the base 
are situated. 

I t  is t l ~ u s  impossible to work with 
long bases; on tlie other hand, with sllort 
bases a much greater degree of precision 
is requisite in the drau ing of t l ~ e  raps in 
order to compensate for the smallness of 
the ar~gle of intersection; but  t l ~ i s  also 
is not possible, in  the majority of cases, 
for we canuot ider~ tify n-it,h sufficier~t 
precision on trvo photograpl~ic prints 
taken a t  two stations, even close togetl~cr, 
not increlg the same object but  the  same 
point of the object. I t  is necessary, 
l~orvever, to do so, in order that  we may 
be able to measure its abscissa to a 
lrundredtl~ of a milimetre or to a fraction 
of a minute, supposing tliat we are using 
perfect n e g a t i ~ e s  and can su1)stitnte 
for the measurcme~it of the co-ordinates 
on the print, angular measures on the  
original negatives, and then dctcrruinc* 
tlie points, not 11y graphic intc~rscction, 

rZ loll. but 1,y Co"lpU1 t,' 
TTe have, therefore, to be content witl, 

hascs oT mediua~ lengtl~,  giving anglcs of 
intersc~tion of :~bont  30". 

As n mnttcr of fact, the dificulty of 
idenli(jring points is so grctat t l~at ,  i t  is 
vcry oTtc.11 nocessary to lnalie ustl, for the 
pu~,pows O F  cl~coking, O F  a t l~ i l t l  image 
hlicll fronl a third station, givillg a, t,llird 
my for each point. Lastly, this xorlr can 
be undertalien only by an  operator who 
lcnows t l ~ e  col~nt ry  under survey perfect1 y, 
tliat is to  say by him who took the  photo- 
graplls. 

It is necessary to add that,  in the great 
majority of cases, it is absolutely necessary 
to \vorlc on positive paper prints, so as to 
facilitate this ~ o 1 . l ~  of iilentification, and 
tllis te~~c!s to incrc.a\e t l ~ e  inaccuracy of t l ~ e  
plottir~g ; i t  is alho nocessary, for t l ~ e  same 
reason, to use only negat,ivf~s excellent in 
point of clearness and density, any t11 ing 
else being genei-ally useless. It is, nlore- 
over, impossil)le to apply the metl~otl to  
terrain nritllout well deiinrd features. for 
exanlple to prairies, woods, glaciers, snow - 
fields, or to country n hic11 offers a very 
srnall vertical picture to  t l ~ e  spectator, as 
their features are projectccl one behind 
another and dcfy idell tifica tion from differ- 
ent  stations. 

Finally, as can be imagined, the dis- 
tance of t l ~ e  poi11 ts to I)e plotted must  not 
be great, for it becomes ~,apitllg impossi1)lc 
to identify them nncl, inrarinbly their 
images become more and more blu1.rec1 
~ v i t h  clist:~nce, increasing the difficulty of 
maliing measnremcrits, t l ~ e  precision of 
~vl~ic l i  should increase wit11 distance since 
t l ~ e  angle of intersectior~ is small. 

I n  fact, the inenn normal distance is 
about 3 liilometrc~s a11d G liilometres is not 
esceecled. Ancl so, the mean outturn a t  
a stat1iou is, a t  urot:t, a l ~ o l ~ t  2 square 
liiloi~lrtrcs per station ou tlie scale of 
1/2;ooo. 

I t  can 1)e seen, t,hen, tliat in spite of 
its grcnt acIvnnt,ngos, especially in lligh 
mountain country, where the old processes 
are almost impracticable and give, evcn 
t,hongh extra-ordinary exertions be m:~de, 
only unsatisfying rcsults, the met l~od of 
plloto-surveying had rather serious dram- 
backs which restricted its application, bu t  
all these difficulties llave been, as  we shall 
see, completely removed by the method of 
stereo-photo-surveying. 
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II1.-The pri~tciplcs of stereoscopy. 

The stereo-pl~otograpl~ic process is 
bawd O I I  a fiicul t.y of the eye, stereoscopic 
vision, tlre principles of nhicli we will 
allude to brieflv. 

Fig. 3. 

Let T and T' ( P i g .  3) be two pictures, 
in the surne vertical plane and parallel to  
t l ~ e  horizoutnl li1.e 00' joining the eges 
of the observer. Le t  UH=O'LZf be thc 
distauce oE the rycs frotn the pictures; 
HII' t l ~ e  horizon lint,, common to the two 
pictures. If A is a point in tlie landscape 
situated in  t l ~ e  plane of the liorizon, c/ and 
a' mill be the imnges O F  this point on the 
two ,pictures and i t  is easy to ca1cul:lte thr  
distauce mt' sep:lratiug these two images, 
b!. rneaus of tlre l e n ~ t l ~ s  of OO', OH and 
the distance AA4' oE ;I from the straight 
line 00' .  

I t  is easily sliown t,liat a11 points on 
the vertical plane pnrnllel to that O F  the 

more distant plan de front, images more 
widely separated. 

Fig. 6. 

Let  no\\. T and T' be the traces of the 
planes O F  the pictures in the horizontal 
plane passing through the eyes 0 and Of, 
OT and O'T', the perpendiculars from 
0 and 0' on these traces, and A the 
horizontal projection of a point. Le t  
also D be tlie distance of A from 00', e 
tlic distance bctmecri the eyes, d t l ~ e  
distance OT=O'T'. Finally, let a and a' 
1)e the points of intersection of the 
straigl~t. lines A 0  and AO' wit,l~ the traces 
T and T', tlrnt is to say tlie horizontal 
project io~~s of the two imagtbs of the point, 
and a thc Icngtll a d ,  which is sometimes 

"tile linear or stereoscopic parallax" 
or the point A (but  wo shall reserve th's 
term to the difference To - T'cG') we 1 tlien hare  

tllrougl~ A give, on tlie pictures, I 
L 

D-d is tinct vision, about 0 . 2 6  metre. - 
irnnqes mllose distance apart is constant D 
and exactly equal to crn'. 

On the other liar~d, every point on a 
nearer " p l a n  de frotit " gives imnges less 
widely separated than aa' and points on a 

t,l~cn very nearly unity for all o\)jects in  
the landsc:ipc:, so tlmt (e-a) is always very 
small aud vanishes for very dist,ant ol~jects. 

Stereoscopic effect or vision consists 
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in the appreciation of the value of tllis 
difleyen ce, (c-a), an appreciation ~ ~ l l i ~ l l  

itself in  the o1)server 11avill:: a 
sensation of tlie ~selative distance of tile 
objectin questlion, that  is t,osayby tl~csensa- 
t,ion of "clept,lr" or "reliefVin tl~clandscape. 

The angle OAO' is termed the "angular 
pwallax" of the point, A. Experience has 
s11on.n t.hat, for normal eyes, the distance 
a t  nrhic11 t,l~is sensation of relief vanisllrs 
cowesponds to an  :tagular parallax of 
about 30 sexagesimal secoucls of arc, and --. . 

does not tl~ererore exceed, for a meall 
separation of t.lte eyes c=G5 n~illinietres, 
450 metres ; certain o b s e r r e ~ . ~  can 
appreciat,e anyular parallaxes of less t l ~ a n  
ten seconds. that  is to say, t , l~air perception 
of "relief " is st,ill effective a t  1200 or 
1500 metres. 

Bnt we sec t,ltat the magnit.ude of a is 
prop~rt~ionnl to t.11~: ~ a l n e  of' c and, a t  t,lte 
same time, we, also see l l ~ a t  if t.1ie eyes of 
t,lte ol~serrer  are pl.oridcd ~rit,lt magnifying 
glasses, the st,creoscol>ic eff(1ct is increased 
in proportion to tlte ~naynification G of 
t,l~esc lenses, since t,lte images o t ~  tlie 
retina and t , l~e pn~*allact.ic rlifferct~cc~s ol 
direction are nlagnifietl in  t,l~is snnle I-ntio. 

I t  is, t l~us ,  possi1)lt: to t~xtend nrt,ificiallS 
t , l ~ ~  limits of tho a]?prcciaf.inn of relief 
nnd, al)ovc all, to mal<e, in ~.cspect, 
st,ercoscopic ima yes, mcasnres of a,nglllnl- 
parallax muclt smnllcr t11an t.l los~ indica- 
ted above. 

'I'o incl'casc nrtif ciallp tile se~arnt,ioll  
of tile eyes, p, tltnt is necpssnry is t o  
placc 1)cfore enell eye t,lte nvc.ll lcnolvlI 
sgst.rn1of t,\~~ot,otal ~.eflection p t . i s ~ ~ ~ s ,  3s usetl 
in Z t h  st8rreosco]lic l)inocular~, rvllicll ,  
for purpqses of den~onst l.at,ion, 1lln-y re- 
placed 1 1 ~  t j m  mirror~s, as sIronrn ill Fig, 6.  

E Pulfrich 11m called the cxprcssioll G - 

e 

the "total relief effect", G being the  
magnifying ponTer of tlie 01)jectives 0 
and 0', E t.l\eir distance apart  and e t h a t  
of the eyes o and 0'. 

Fig. 5 .  

I n  all t l ~ n t  113s heen said above, we 
]lave sulq~osccl t l ~ a t  t l ~ e  actual landscape 
was ~ ~ r ~ r l e r  exan~ination, either hy eye or 
by a stereoscopio binocular; the same 
reasoning is rli~.ectlp applicable to the 
rxarninat,io~l by the same mcJnns, of pl~oto- 
graphic images. 

But  in  t,lle latter case, we see at once 
t l ~ a t  tho sensation of relief can be ex tended 
to any distance n~liatever, since t l ~ e  separa- 
t,ion of th(: eyes is now replaced by t , l~e  
sclnrat,ion of t , l~e posit,ions of t l ~ e  lens of 
tllc camera 3t the time t,lle negatives were 
taken, a sepn.ration n ~ h i c l ~  can be made as 
large as mc wisl~.  All that  is then reqnirecl 
is t,o examine ~ , I I F !  resultant positives wit11 
tlte 1)inocular derice, ~vel l  known 1)y tile 
name of "st8creoscop3", to scc a relief 
~vliicll ))ears t,o t,ltat w l ~ i c l ~  we would have 
got l r o n ~  tlte Fame Iantlscape wit11 tlie 

GR l~al<ed eye, tlie rsbio of -, G bcirtg the 
(7 

magnifying 1lon.c.r of thp lenses of the 
stereoscope, E tlie separation of tlte two 
ol)jcct,ives of t l ~ e  camera, t l ~ a t  is to sap the 
distance between the t,nFo positions of this 
camera a t  the time of taking tlie 
exposures, and e the distance between the  
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eyes; i n  short, for the observer, the relief 
which ~vould liave been appreciated by a 
giant whose eyes were separated by 
precisely this distnl~ce E and ~vllo had, 
besides, a magnifying power equal to G. 

It call t l ~ u s  be seen tliat Ire can 
perceive and, if tlic app:u.atus be suitable, 
measure all gular parallaxes of extremely 
snlall mngnitutlc., mucli less tllan the 
centesillial secontl. 'I'hus, by photogra1)li- 
iug tlie planet Saturn at  a n  interval of 
one day, that  is to say fro111 the extremities 
of n base whose net t  length is 1,730,000 
kilometres, a stereoscopic view lias been 
bbtnincd ~ v h i c l ~  clearly sllc,~vs the planet 
wit11 its satellites suspended in  space 
in  frorrt of tlie back-ground of the fixed 
stars. 

I t  is to  be noted in passing that if the 
midtli of tlir negatives is greater than tile 
~eparat ion of the eyes, that  is if their size 
esceeds 8 , ' ~  it is to fllrnisll eacll 
eye piece of thc  stereoscope with a pair of 
total prisms, filling tile salne 
role as a p i r  of pnrallel mirrors. Jve can, 
then, separate the two negatives as we 
please and use any sizes 
whatever. 

Having got so far, n-e will suppose 
tha t  the two negatives have been talcen 
at the extremities of a base of lenpt 11 B, 
and in  such a position tliat t l ~ e  optical 
nxes of the camera were horizontal, 
pnrnllel to one another antlprrpendicularto 
tlre base. Tllis, in stereo-photo-surveying, 
is termed the " normal case ". 

Let oo', (fig. 6), be the eye pieces, 
00' the objectives, FF' the focal poiutu 
of the 8tereoscope~ YL" the tn  o 
transparent positircs in position in the 
stereoscope. 

Fig. 6. 

Let  us suppose that me have 1)lace~l 
ah  tile points, F and F' two reference' 
marlis, ouc of wl~ich, the rigllt halid 
marl< F' is capal)le of being movecl 
laterally in tlie right hand focal plane. 
Under these conditions we see that when 
the right liand mark is exactly a t  F' the 
two marks coincide with tlie focal im:lges 
of a single point of tlio stereoscopic 
landscape, situated a t  infinity. Thus the 
observer sees, not two marks, but  only one 
mhicl~ seems to be at in fin it,^, 

If now, the right liand mark he moved 
laterally, so as to bring it, for example, to 
F", i t  coincides in t l~ i s  position witll tlis 
right 11and image of a point A ,  in the 
stereoscopic landscape, still lying on tlie 
perpendicular OM, in t l ~ e  left 11and 
transparency I)ut a t  the finite distance 
A 0  from t l ~ e  ol~jective 0 ,  or what comes 
to the same t l~ ing ,  from the base 13. 

The observer t11t:n always sees but  a 
single mark, llanging in space, but a t  n 
finite and well determined distance. 
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Proceeding further, if, nritllout again 
fouching tlie right hand mark, we move 
as s \vhole, by means of two rectangular 
m o v e ~ i ~ e n t , ~  the pair of plates in their plane, 
nre find iminediately that each time tba t  
the image of a point of the stereoscopic 
landscape, situatetl a t  exactly this distance 
from tlie base, coincides with the fictitious 
image of the mark, t he  observer has a 
very clear sensation of a real ~naterial 
contact of tlie ground wit11 the zerial nlarlc ; 
11e feels that it tozccl~es the ground. 

It can now be understood that  hy 
combining this general moveineut of the 
two plates wit11 displacen~el~t  of the 
reference nlarlr F', t l ~ a t  is to say 1)y 
moving t,llis " imaginary mark " in space, 
i t  can 1)e "guided " to all points of the 
Inndscape a t  will. Wow, if we are able 
to calculate the distance from the base 
which corrcsl~ontls to the measnm1)le 
displacement of the riglit hand pointer, it 
is evident that the distances from the base 

of different points of the stereoscopic land- 
scape can be determined mi t l~out  difficulty. 

It is this principle of "imaginary 
distance-mark", floating in the stereoscopic 
landscape, or the "principle of oerial 
scales", evolved by Grousilliers, whicll 
P ~ ~ l f r i c h  used as his starting point, first for 
thc  construction of tlie stereoscopic tele- 
meter and soon aStel.n-ards for that  of the  
stereo-comparator, briefly :lescribed below. 

The a11l)aratus is fitted with n hori- 
zor~tnl franle in nrhich the tn70 l~eqatives 
can be placed side by side i n  tlie same 
plane. T l ~ i s  frame is provided wit11 
various movements ml~icli permit of 

1 .  turning thenegatives CC' (fig. 7)  in  
tlieir plane and allout their c e n t ~ e  (tbis 
movemeilt is used only for adjusting 
the plates). 

2. displacing botll negatives laterally 
and sinlultaneously to right or left. 



The latter movement is produced 1)p 
means of the micrometer scre\lr I), its 
amount being 1ne:lsured on a n  appropriate 
scale. 

I n  addition, the riglrt hand image can 
be nloved by ilself to  ~.iglrt or to left by 
means of n special microuleter screw P, 
the  amount of movement being read on a 
second scale. 

Above tlie frame carrying the nega- 
tives, is placed a I~inocular miscroscope 
fitted with tlie usual arrnlrgenlent of total 
reflection prisms, slio\vn in fig. 7 by the 
mir:ors I ,  11, If, 11'. 

The cross wires of the miscroscopes 
are replaced by the ti\-o pointers F and F' 
described above. I n  the first pattern 
constl-ucted, the  arrangement of fig. 7 
was adopted, that  is to say the right Iiand 
pointer was moveable laterally I)y rneans 
of a speci:~l micrometer screw Y. This 
screw, as me shall see, was used only to 
determine the clistances of objects very 
close to a p i n t  already fixed. 

By means of a micrometer scrcu-, the 
whole binocular microscope can be moved 
tomarrls or away from tlio frame carr!.iog 
tlre p!ates, so as to permit of the focussing 
oE the stereoscopic image. I u  addition, 
t he  eye-pieccs can be adjurted to suit tile 
operator and tlle objectives moved in  tlrc 
clirection of  their axes so as to vary t l ~ e  
magnifying porrrer from four to eiglrt. 
":,o operator thus I I ~ R  in the field of 
view only a stu:ill fraction of the stereos- 
copic imago, but with a relief ~vl i ic l~  
can be increased a liundredfold. 

Lastly instead of raising or  1o\vering 
the pair of plates wit11 respect to the 
micgoscopes, the latter are m~vecl  rela- 
tively to tlie former by means of the 
micrometer screw H. 

I n  practice, the movement of t,he 
right l~al ld mark described abovc is usu- 
ally replaced by the moving of the right 
hand plate by the  screw P. 

This movement, i t  might seem, would 
cause tlie stereoscopic imago to appear t o  
move, the image of the distance mark 
remaining stat,iollal.y in space. Bct i t  is 
not so, On tlie contrary, i t  is the stereos- 
copic landscape which- appears to t l ~ e  
ohserver to remain fixed and the image 
of tlle mark to move in distance. We 
can then easily touch a given point in the 
stereoscopic landscape wit11 the "moveable 
 nark" by operating the screw P in 
combination with t l ~ e  two general move- 
ments (wheels D and H). T l ~ u s  in the 
latest n~odels, tlre screw P is absent ; tlie 
marks consist,ing simply of crosses wl~ose 
four ;lrrns carry gl-aclaations, by means of 
xvhicli the l ~ e i a l ~ t  and ~vidtlr of objects 
can be measnred *. 

Ko\v let us turn our attention to a 
very important device : a special micro- 
meter screw is mountcd on the frarne 
carryin? the  right hand negative for the 
PnrpoSe of ~noving this plate in t l ~ e  
direction of tlre principal vertical. It is 
this movement nrl~ich mnlces i t  possil)le 
to allow for the dift'crc~nce of level be- 
tween t l ~ e  r ig l~ t  11nnd and lel't hand 
stations. 

I F  t l ~ e  ne~ntive3 are placc.d 0 1 1  tile 
comparator sirnply ay~nlnctrically nrit11 
~-c.gard to one nnotl~er, tlris tlifferrl~seof 
levol Iinq l,l~c cfcc t  o f  (1oul)linp t l ~ c  image 
of t l ~ c  i~nig in :~rg  111 1r1< ant1 making "point- 
ing" impo~si1)le. 

J t  requires only a turn of t l~ i s  screw to 
calisc t,l~is d~~[)lication of image to disappear 
completely. 

- - - .~ . ~ 

1 ; I n  sl,crco-,wm~,nrntoln 1~11ic.h fomm p n r t  nf nn nrlto- 

stereo-l~lottcr t h i s  cross itqelf i n  ~l i . ;cnr~lcd nrlll thc t w o  f ixed 
marks F nnl l  F' are of the type shown in  ti.. 7 
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It czn be easily realised that this move- 
ment has precisely the effect of bringing 
the two images of the same point an  to 
exactly the same perpendicular to the 
principal vertical. 

It is seen then that the use of bases on 
a slope does not lead to any difficulty. 
Experience s l~o\rs  that the angle of slope 
may be as much as 2 5 O .  

Fig. 8 represents the latest pattern of 
Pulfricl~ stereo-comparator for 6 x 13 
plates. Tlie model for 13 x 18 plates 
differs from tliis only in dimensions. Tlie 
references below the fig. indicate the prin- 
cipal devices to which me have just been 
alluding. 

We mill not go into the details of the 
placing and adjusting of the negatives on 
the comparator before beginning the mea- 
surements, the object of the adjustment 
being the bringing of the point of inter- 
section of the principal horizontals and 
verticals, or tlie principal point of each 
image, into the optical axes of the two 
microscopes, which involves the use of 
several ot l~er auxiliary micrometer screnrs 
to wl~ich we need make no further re- 
ference. I t  need only be said that these 
operations talce much longer to describe 
than to carry out,, occupying, as a rule, not 
more tlian 15 or 20 minutes for a pair of 
negatives. 

The  measurement.^ proper are then 
carried out as follo\vs :- 

the imaginary "moving pointer" is 
brought in to stereoscopic coincidence with 
tliis point,. We can easily see that readings 
then made on the scales corresponding to 
the screws D and H will give, respectively, 
the abscissa 3 and co-ordinate y of the 
point witb reference to tile two principal 
axes of the left hand negative and that 
the reading on the scale corresponding to 
the screw P will give t,lle difference be- 
tween tlie a1)scisst-e on the two negatives, 
that is to the stereoscopic parallax. 
All the readings are accurate to 0.01 mm, 
thanks to both the construction of the 
apparatue and the magnifying power of 
the microscope.* 

7.- T'I~e~Zethoclof Stereo-? Jtoto-szc1'~eyi?zg. 

Tl~isprocessco~~sists,tlien, of thefollonr- 
ing operations :-Successively, at, tlie two 
e~t~remit ies  of a base, always very s l~or t  
relatively to the distances of points of the 
terrain under survey, we set np a special 
photograpliic camera, the stereo-plloto- 
theodolite, so as to satisfy the conditions 
of :\hat nre have called tlie "normal case", 
that  is t,o say, that in the two positions, 
t l ~ e  optical axes are horizontal, parallel 
tlle one to tlie other and perpendicular to 
the base or briefly, the images are in  tlle 
same plane. . I t  can 1)e shown that the 
essential contlition to be attained is t,he 
rigorous parallelism of t l ~ e  optical axes 
and that a small error in tlie perpendicular- 

generalmovements, horizontal and vertical, 
using the screw D, or screw of "directions" 
and H, tlie screw of " Aeighis " in such a 

We lnove first pair '' 
and tile lnicro~cope by mCanS of t'be two 

movement or at. rest. The manifold nppllcations of this 
apparatus are surprising. Besides pnrcly topographical plans, 
with which alone we are concerued here, w e  may mention 
hydrographic plans, bnttlo plans, linenr measnrements, the 

*There is  no limit t.o the uses t o  which the stereo- 
comparator cnn be pnt i n  tbe nlensurement of ohjeots, 
\vhnt,ever thcir form, size or distmce, whrther they are iu 

way to the point of landscape, 
the po~it~ion of which is to be determined, 

ntndy of sea waves, the  study of cloude, the 6tud.j of the 
trnjcctory of projectiles and their points of imynct. the 
discovery nnd st.ody of differences, of changes or of errors 

under tile left hand pointer; then by means 
of tlie screw l', or " screw of parallaxes ", 

of jm%ge$ (re6enrchtx counected witb vnriable and moving 
stars, verification of gradnations of precision, t h e  discovery 

forged etc.). 
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ity of these axes to the base is less serious 
than a fault, even a small one, in parallel- 
ism which must be correct to within 
about a minute. 

It is for this reason that  the photo- 
theodolites used up till now in photo- 
surveying cannot be utilised in any way 
in stereo-photo surveying for they do not 
enable one to attain this precision even 
approximately. And so we suggest the 
name, stereo-~hoto-theodolite, for appara- 
tus satisfying this condition. 

The construction of apparatus of this 
type is now a matter of 7.oufii1e with the 
firm of Zeiss. Later on we will briefly 
~1escril)e the most recent pattern. 

I n  :rddition, i t  is absolutely necessary 
to make use of two tripods set up a t  the 
tn-o extremities of the lmse and on which, 
in turn, the pl~otograpl~ic camera is placed. 

The length of t l ~ e  base is generally 
mcasured tacl~eometrically. I ts  slope is 
measured as well as its direction and the 
position of one of tile two stations is 
determined 1 ) ~  one or other of the known 
methods of trnvt,rsing, triangulation or 
planetabling. 

I t  is nec~ssa~-y for precise plotting 
to have in the field of the negatives one 
or two " check " points, easily rrcogrlisablo 
nnd appertaining to a triangulation nrt-  
work. In  the absence of such a net-work, 
i t  is, however, sufficient to measure a t  each 
station, by means of tlie telcscope of the 
stereo-plloto-theodolite, the direction and 
the angle of elevation of two or three 
points of the landscape, clearly visible 
and easy to identify on the negatives. 

These operations complete the j e l d  
work ; including the measurement of the 
base and all the angular measures which 
have just been alluded to, they do not OC- 

cupy more than a n  hour and a half, at  most. 

I n  the oflce, the negatives appropriate 
to a base are placed and adjusted on the 
stereo-comparator, as described above; 
after which we proceed with the measure- 
ments of points of the stereoscopic image 
without having to touch the adjustment 
again. 

W e  have seenethat the '' sigl~t~ing " on 
a point by means of the "moving marlc" 
gives a t  once to the hundredth of a 
millimetre, the ordinate and t,lle abscissa 
of the point, with reference to the 
principal axes of t l ~ e  left hand negative 
and also its stereoscopic parallax. 

In fig. 9, let f be the focal length of the 
camera and B the length of the horizontal 
projection of the base ; S and Sf, the projec- 
tions of the two stations on the horizontal 
plane; TT', the trace, on tlie horizontal 
plane, of the vertical plane of the two 
negatives ; SM the horizontal projection 
of tlie optical axis of the left llancl negative, 
cutting TT' in T, andill a point on this axis. 

If we draw M S' cutting TT' in T", me 
see at  once that TVT'=cc is the stereoscopic 
parallax of the point M, T' being the foot of 
the perpendicular dropped from S' on TT'. 
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If wc put S M = A  and the angle 

SMS' be called a, i t  is seen that 

A = B c o t a  and f = a c o t a ,  
f from n hich A= -B. 
CC 

It can be shown without difficulty that 
all points on the plane MM' at tlie distance 
A from the base have t,l~e same parallax a, 
that is to say, that if me know the parallax 
u of a point in the landscape, the fornlula 
above will give its distance from the base. 

The construction of t,he horizontal 
projection of tlie point on the plan is done 
in the follo~ving manner : 

We plot on the plan (fig. lo) ,  accord- 
ing to scale, the project,ion of the base SS' 
and at the distance f we draw TT' parallel 
to it,, and ST perpendicular to TT'. On 
the line TT' and from T as origin w c  lay 
out with its proper sign, the abscissa x,  
measured on the nbqciqsae scale of the 
stereo-comparator or the scnIr! of divecfiolzs; 
mre get, thus the point X and dram the line 
SX; t l ~ c  horizontal projection P of the 
point will l i p  somewhere on tlie line SX. 

The parallax a,  measured on the scale 
of parallaxes or scale of distance, gives, 

B by means of tile formula A = - -  the 
a 

distance A = SM of the point P from the 
base SS'. The required projection P lies, 
then, a t  the intersection of the line SX 
with the line M P parallel to S 9' a t  the 
distn.nce A. 

As regards the difference of level h of 
the point with reference to the left hand 
station 9, i t  is evident that i t  can be 
derived from the formula, 

y being the ordinate measured on the scale 
of heights. 

Fig. 10. 

We see t l ~ e n  that, so far as the con- 
struction of tlie plan goes, the method of 
stereo-photo-plotting is very similar to the 
old method of Lausseclat The former has 
one essential advantage however, in that 
i t  is necessary to make only a single point- 
ing to get, simuZtatleoncsZ,y, the three ele- 
ments 1.squired for the determination of 
the point, whilst in tlie latter, this 
determination requires, as we have seen, 
a t  least three iizdependent measurements; 
two measurements of abscissae, one of 
ordinate. But from all other points of 
view, as well, the superiority of the new 
process cannot be disputed. We have 
seen that the principal defect of the old 
method of photo-surveying lay in the 
great difficulty of idedifying the images 
of tlie same object on the two negatives, 
or the two prints obtaiced a t  the two 
stations and that this difficulty involves 
one in quite a number of obligations 
which greatly restrict the field of 
applicability of the method. 

These obligations are ;-the necessity 
of drawing on positive prints; the 



16 AUTO-STEREO-SURVEYING. 

necessity of the draughtsman in the office 
having perfect knowledge of the terrain 
under survey; the necessity, in many 
cases, of having to introduce a third 
station for tlie sake of a check; the 
necessity for negatives of the best quality ; 
the impossibility of using bases short 
enough to prevent the loss, always consid- 
erable, of thc field of view not common 
to the two photograplrs; the impossibility 
of applying the method to very receding 
or regular ground witliout detail; the 
impossibility of working a t  considerable 
distances and consequently a poor return 
in square kilometres per station aud a 
necessity of increasing the number of 
stations. 

On the other hand, the characteristic 
evil inherent in the photographic method, 
the di5culty of identifying the images of 
the same point, is entirely abseut from the 
new method, for i ~ ~ d e ~ ~ t ~ i c a t i o ~ ~  ?zo lowger 
conhes illto the ~natter. 'The observer sees 
before him the landscape in relief; he 
makes the "moving marlr" touch the 
object and, indeed, that point of this object 
which he finds convenient to his purpose, 

- - 

whatever be its shape, nature or distance ; 
for example, any tree whatever in the 
middle of a ~voodecl slope, any point 
whatever on a uniform surface (grass or 
debris slope). 

He l~ns  no di5culty i11 selecting, along 
the cliaracteristic lines (changes of slope, 
water courses, ar6tes etc.) the points by 
which the terrain can be most satisfactorily 
defined, instead of being obliged to search 
arduously for the small amount of detail 
that can be identified on the two prints but 
which is often far from characteristic.* 

Ono has no idea of the extent to which the drnving. 
even on tho most modcrn mnps, of heavily wooded spurs in 
high mountains can be incorrect as a result of this, in spite of 
dl the care of the most conscientlooe, experienced snrieyore. 

This unrestricted clioiceof really useful 
poi~lts necessarily reduces the number of 
points of detail thnt l~ave to be plotted. 

I n  addition, the photographs present 
the same details by reason of the shortness 
of the base, generally from 40 to 300 
metres long, and this leads to a better 
yield from stations and a very considerable 
diminution of their number. Moreover, 
thanks to the elimination of the need of 
identifyiag points, we can tackle any kind 
of terrain besides high mountains, includ- 
ing, contrary to an opinion still very wide 
spread, ground not only uuiform but very 
receding, as we urill shorn by cllaracteristic 
examples later on. All that is necessary 
is that there should I)e a few stations from 
whiclr sufficiently comprelrensive views of 
the detailed forms of the ground are 
obtainable. 

Another result of the eliminatiun of 
the need ot' iclet~tzjicc~lioia is that tlie 
operator in the office no longer need 
know tlre terrain, especially as it appears 
in real relief before his eyes and since his 
moving pointer serves lrim as a thorougllly 
intelligent stc@ qwhctn, instantly obedient 
and capable of ulovil~g in n moment to tlre 
most distant or the most inaccessible 
points. 

As for the negatives, they are used 
direct.1~ in tlre comparator, the transposi- 
tion of lights ant1 darks not affecting the 
facility of making pointings with the 
'cmoving pointer" and tllerc thus results 
a considerahlo increase of precision. 
Moreover, me can make successful use of 
negatives wliich mould lrave been rejected 
under the old method, for the reason thnt 
they were thin or the opposite, very 
dense, but which give good relief in the 
stereo-comparator. 
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As regards the distance up  to which 
the negatives are practicable, this is of 
considerable extent and, on a scale of 
1/26000, i t  is possible without difficulty 
and with sufficient accuracy to plot ground 
14 or 15 kilometres from the base. 

Finally, the principle itself, of the 
presentation irc relief of the ground to be 
mapped constitutes a substantial and 
inestimable advantage of the process. 
T l ~ e  field of view of the microscope of the 
stereo-comparator does not exceed 1 cent- 
imetre in radius, but for the examination 
of the negative, as a whole, we can use, 
instead of the microscope, a stereoscope 
provided with mirrors, which presents to 
the observer a view of the ground in relief 
showing a wealth of detail and ext,raortli- 
nary modelling, irrespective of the altitude 
of the station above the landscape, so that 
a stereoscopic view taken from a high 
summit does not appear a t  all flattened or 
crushed as in the photographs talcen for 
the old method; tlris enables us to make 
use of stations of this kind with great 
advantage by reason of the considerable 
extent of ground displayed, whereas 
formerly it was recommended that such 
stations should be carefully avoided 
because terrain seen from above appears 
without relief, flat and featureless: the 
valley forms disappear and slopes are no 
longer appreciable. 

We cannot do better than quote Irere 
from General von Hiibl, to wlrom stereo- 
photo-surveyiog owes so much. 

" Tlie apparent size of this image in 
relief depends on the distance between 
the two camera stations and the interval 
between the observer's eyes. 

If the latter, for example, is 66 
millimetres and if the length of the base 
is 65 metres, the li~ndscape appears as a 

I model reduced in  the ratio of 1/1000. 
A singlo glance through tlre apparatus, 

even a t  a bit of country strange to you, 
gives you your bearings at once and those 
particular points of detail wliose positions 
slrould be determined for the represent- 
ation of the forms are a t  once obvious and 

I unmistakable. The steepness of the slopes, 
the changes of slope, tlre depth of each 
lrollow are easy to see and considerably 
more easy to appreciate than in nature. 
Thanks to these circumtances, the repro- 
duction on a horizontal projection, showing 
the exact character of all the forms, is 
greatly facilitated. W e  are dealing no  
longer with Nature witli its massive, 
impressive forms of whicl~ our eyes can 
take in but the smallest part, and whose 
representation on a slreet uf paper requires 
great practice and experience but with a 
model, rich in detail, giving us a compre- 
hensive view in mliich accessory details 
are suitably subordinated to tlre main 
forn1s.e 

I t  is interesting to drnw attention here to t he  smnll 
number of persons, even among those coostnntly p rac t i~ ing  
stereoscopic photography who have any idea of the modelling, 
Lhe relizf, that  in t he  case of a big landscape, is given by 
ntereoscopic negatives taken on a sufficient base. The 
greeter nomber of them, indeed, take a t c r ~ o s e q i c  photo- 
grnpls of a landscape, only by operating simullnneourly t he  
two shutters of their apparatos, in other words from a base 
eqnnl in length to  the  interval between their objectives; hot 
negatives tho8 obtained give the  s n ~ e  degree relief as tha t  
presented by the  same lnndscnpe when observed with the  
nnked eye, 8 relief which disappears, as we know, a t  diste~lcen 
greater thao a few hundred metres. These operators, i n  
the majority uf csses a t  all evente, know nothing of t he  
beauty of stereoscopic lnndscnpes which, for simp:ic~ty'a sake, 
we will qualify as "of large interval ", or st any rat? they 
imngine that  i t  is necessary to  nsc complicated apparatm 
and, in d l  cases, stand calneras. 

Now, nothing is more easy than to  obtain ~ h e s e  effect8 
with a simple hand appnrntos, provided i t  is furoished with 
s cnp which permits of each objective being uncovered i n  
rucceasion. 

The procedure is otherwise most simple; placing him- 
self, squarely facing the  laodscape, at, one extremity of t he  
base, chosen so re to be opprozimolely parellel t o  the  expanse 
of landscape, the  operstor pleces t he  cap on t h e  objective 



b e .  
Bmall stereoscopic npparatus of the  size of the Richard 

V e r ~ c o p e  (4,6/ 10.7) is admirably mited to this rough 
method. 

One can scarcely imagine how ex~rao rd ina r i l~  intereeling 
collections of diapositives of this kind can be, even when the  
redonlr are completely nnknowo to  biln who studies them 
under the  stereoscope. 

The prolonged indmerence to stereo-photo-swveying, 
exhibited by the  majority of t e o h n i d  men, in doe, certainly 
in put.  t o  their Ignomnce of the  undreamt richnew of these 
Ymodels" md of the  great erne with which they cnn he 
h i n d  u muoh M to the fact that,  on moat occesions those 
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.. - 
Finally, t he  process is further simplified in the  cwe of 

photographs taken on board a ship moving dong a coast; for 
the  bnne is provided by the  progreaa of t he  ship itself and the  
parallelinm of axes is got quite simply by adjusting, for each 
expoenre, t he  apparatus in the same position on the deck. 
The whole operntion la thns reduced to  loading and exposlng 
twice. 

Astonishing "models" can he obtained thus of a coaet 
line, 8 or 10 kilometres distnnt. 

Colonel Von HBbl: Die Etereo-photo-grammetrie 
(Mittheilnngen d e ~  K. a .  K. Militargeogr. Inrtitot* Pol. 
XXlI,  p. 18). 

" The advantages we gain by %sing the 
comparator rather than the present method 
of detemifiin!? the  ori it ions of points by 
ray8 and intersectiot.% are so considerable 
that We should not fie deterj'ed by 
trouble or eXPeme that the work on the 
groand may entail. "* 

It is thanks to the ardent belief which 
the author of t,hese prophetic lines placed 
in the value of the new metliod that not 
only have all the difficulties of the field 
work- been overcome but the method 
itself has led to still more marvellous 
results, which remain to be described, and 
has acquired a n  elasticity which places i t  
absolutely witl~out rival. 

I t  is of interest to note tlle difficulties 
to which General von Hiibl refers and 

which corresponds to the other station; then noting the 
position in the field of view, of a distant, clearly visible point, 
M close to the  intereection of the  cross wires as possible he 
take#, in this position, the  negative correepouding to  t he  
a t i o n .  After which, t he  objective in  front of the  negntive 
which hae just been laken is covered by means of the  cap 
and the other station is visited. the  ahotter being reset. 
From this second rtation, the  obaemor picks up again the  
reference pqnint, placing himself so ae t o  bring i t  npprorimule- 
ly into the  pame position relative to the  cross wires as 

b f o r e ,  a0 na t o  get approrimats parallelism of nxesat the  two 
atatione, that  is to say, the "norm6l" in stereo-~hoto- 
smeyi.'g. The exposure from this point view is then 
mwle and the operation is completed. 

It goen withoot naj-ing that  one should cndeavonr to 
have the nearest picture planes ~Uitably distant 80 that  they 
ahdl not tliffer too greatly io the two negatives, t o  introduce 
no objects i n  movement and to woid a baae a t  too great a 

dope. 
After n little praotice, these o~erationn, which appear 

mmpliuted,  do not take up more than two minntes a t  ench 

wl~ich were pointed out first by him to 
the makers. 

I t  is first necessary that the objectire 
of the stereo-plloto-theodolite be perfectly 
made and corrected so as to give images 
free from defectand distortion, since the 
precision of the reading of the parallaxes 
amounts, as has been mentioned already, 
to 1/100 of a millimetre. Now, this 
precision is essential, for i t  can be easily 

shown that for a focus of 193 mm, for 
example, this amount of parallax, 
equivalent to a difference of parallactic 
direction of from 8 to 10 seconds, 
approximately, corresponds to a difference 
of " deptl~ " of 10 metres at 6 Itilometres, 
for a base of 200 metres. I t  is, for this 
re,so, tllat me cannot use paper prints 
which are distorted. 
few who practised stereoscopy "of large intervrl", worked 
on foot and on elavatcd summits. Now i t  is practically 
impossible to find there bases sufliciently large and suitable 
for the "normal case". which alone is applicable, except with 
special apparatus; views obtained thns, from bases of a few 
metres, of msssils generally several kilometres distant, 
present a relief entirely insu5cient and almost withont 
iuterest, merely suggesting the effect of theatre scenery, of 
planes one behind the other. There is no "modelling" in the  
proper sense of the  word. 

 hi^ depends mainly on the  magnitude of the  base ; 
may be varied with advantage from a twentieth to 

0 thirtieth of the  distance to which i t  is desired the sense of 
relief shall extpnd, a dirlancs to  be determined, of courae, om 
the ground; this length of base can be  memured on the  

simply by pacing. 

I t  is scarcely necessary to  s ta te  that this procedure can 
be carried out eqnnlly well with apparatus having but one 
objective, that  is lo  may non-st.ereoscopic; all that  is necessary 
is to pack away the  e r p o ~ e d  plates a t  the  one station before 
roine to the other. 
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The sensitised plates used must also be 
true planes, for it can be shown that if 
the divergence from the plane amounts to 
1 millimetre a t  the edges, not uncommon 
in the case of ordinary plates, this defect 
leads to errors of parallax in tliese parts 
of the plate of from 3 to 4 tenths of a 
millimetre. 

Again, the plates musk be as as 
possible in the same plane and, in especial, 
parallel a t  the two stations, for an error 

parallelism of One Illinute causes 
an error of parallax of from 1 to 2 teut l~s  
of a millimetre. 

It can be fihown, however, that if the 
axes, while remaining parallel to one 
another, diverge sliglltly from the perpen- 
dicular to the base, this defect leads to far 
less serious consequences than tlie former, 
as regards the precision of the measure- 
merit of palmallaxes, and that we can 
tolerate a commolz deviation of the two 
plates of from six to eiglit minutes. 

Lastly the plates should be as nearly 
vertical as possible, an error of one minute 
in tlieposition of theliorizon resulting in an 
error of parallax of 31100 of a millimetre. 

As regards the measuremeilt of the 
base, this should be out nitll hig], 
precision, that is to say to a t  least 1/1000. 
I t  can be shown, in fact, tllst an error in 
the base has a proportional effect on the 
distances of points. 

For all these reasons and more speci- 
ally on account of the effect of errors of 
base measurement and of perpendic~larit~y 
of the two optical axcs to the base, i t  mas 
considered, about 1906, to be absolutely 
necessary to havc 011 the nrgatives from 
six to ten "control" points nrbich mould 
make i t  possible, with the help of formula: 
and construction of somewhat complex 
nature, to eliminate these two errors 

before commencing observations with the 
stereo-comparator. 

So far as the method itself was con- 
cerned, there were, even in 1905, the  
following objections 

It was practically obligatory to use 
notbing but negatives obtained in the 
"normal case", that  is to say with the 
optical axes perpendicular to the base ; it 
was impossible to use axes oblique to the 
base, but parallel i t e r  ~ e ,  and still more 

convergent axes. These two oases, 
especially tlie latter, called for extremely 
slow, complicated operations, in spite of all 
the simplifications introduced especially by 
General VOII Hiibl, by the eminent Prof :  
Dolezal of Vienna, by Prof: Fuclrs of 
Presbourg, etc. So much so, that, putting 
on one tile "normal case", one could 
foreser d i ~ ~ t l y  in tlle future practically only 
the caFe of two axes, parallel one witli the 
other, inclined a t  30" to right or left 
of the perpendicular to the base, extending 
the field of view from 40" to about loo0. 
This constituted a serious defect and a 
want of flexibility of method for it is 
often very difficult to find amongst high 
mountains a site for a base of sufficient 
lengtll, suitable for the " n ~ r m a l "  Case, 
especially on crests, par- 
ticularly favorable, in that they offer a n  
extensive view. 

And so, in 1904 General von Hiibl 
decided provisionally, to use the old photo- 
surveying simultaneosl? with the new 
rm~hod. 

I n  tho matter of office work, even in 
the "normal" case, the stereo-comparator 
enabled one to plot only point by point, 
very slowly and laboriously, the level 
contours in every case being drawn only 
after there had been placedr20n tlie plan 
a sufficient number of spot heights to 
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permit of the curves being interpolated by 
the old method. 

7.-  The Stereo-photo-theodolite. 

The instrument required for the field 
work is the stereo-photo-theodolite. With 
the firm of Zeiss of Jena the making of 
these instruments is now a matter of 
routine. We mill describe the 1913 model 
of which fig. 11 gives a general view, and 
which is designed to take 13 x 18 plates. 

For convenience of transport, the 
apparatus is made in  three separate parts, 
the tripod provided with a centring device, 
thephotogra~hiccamera and the theodolite. 
The particularly compact construction of 
instrument is to be noticed. This, while 
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film and have at their centres a llolo which, 
being of a diameter scarcely greater than 
the thickness of a hair, gives a very precise 
black ~ ~ i ~ t  on the negative. 

giviug great stability, facilitates the read- 
ing and manipulation of the different 
verniers. 

" The marks and 3, define tile principal 
vertical of the negative; the marks 2 ,S ,  4 
are on the same straight line H n'. 

Thecamera rotates on its tribrach about 
its centre and can be Set to any position 
by a clamping screw. It is fitted wit11 a 
lens which can be raised or lowered by 
30 millimetres with respect to its central 
position. 

- 
to oa, ~t follows tllat if tile image 

of the mark 1 is badly defined on the 
negatives, as sometimes happens since this 
part of the plate is generally very dark, 
we can always find on the stereo-compara- 
tor this principal vertical since i t  is the 

The frame carrying the object glass is 
furnished with an arm inside t l ~ e  camera, 
moving wit11 i t  and terminating in a 
horizontal index with a very fine point a. 
!Ihie poirlt along and very close to 
the rig11t hand vertical edge of the semi- 
tised plate (fig. 12). 

The point of this index is, in conse- 
quence, in tile same horizontal plane as 
the optical axis o. I t s  image on the plate 
thus registers, simply, the position 
on the negative of the principal horizon, 

The frame against which the sensitised 
plate rests has four reference marks 1. 2. 
3.4. arranged as shown in fig. 12. These 
marke are formed of small metallic projec- 
tions which lie very close to the sensitized 

perpendicular dropped from 3 on to t l ~ e  
straight line Oa, itself parallel to 2,3,4.  

~h~ dark slides are devised so that, at 
the tirne of exposure, the sensitised surface 
presses directly against the frame at  t l ~ e  
back of the camera and the focal distance 
is thus rigorously constant from plate to 
plate and unaffected by variations in the 
thickness of the slides. 

0, tile sides of the frame and inside 
tile camera are three drums having series 
of perforated numerals whicll print nuto- 
matically on to the negatives, the serial 
number, up to 24, of the base, the disting- 
uishing number of eaclr negative at each 
station and lastly the focal distance of 
the lens. 



Fig. 11.-Zeisa Stereo-photo Theodolite, 1913 model, for 
plates 13 x 18 e. m.- 

Tr, tr ipod; C, camera; tr, tribrach ; Vrn, micrometer screw 
,for measures of distance; Vp, clamping screw; 0, camera 
objective; Cp, plate carrie~; Oh, horkontal ckcle; V,r, 
I'P, slow motion screw and stop contro1Zing rotathon 04 
theodolite on the vertical axis; V,p @lamping screw on 
h~l. imdul oirols; N,iV', bubble tubes; L, telescope of 
theadobite; Ov, uwticoll c b l e  ; V,r, Jaw motion sevrw 08 
u&t4crrl ahole ; 7,s otmpdng scvew of oe&oal ciro~ie ; 'M,?I; 

h o h a t a l  m4orae&opes; mu, gwtieel m4o.roeeopes. 

~*r~uto..pnsmv~~l r millted at the Omock ol cue Snmy oi In<lln, Uhtcurwlen. 
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On top of the camera are placed two 
levels a t  right angles to one another, the 
value of their divisions being fifteen 
seconds. 

The theodolite is mounted at its Centre, 
on tile top of the camera, in such way 
that a specially constructed catch allows 
of the diameter, 0°- 180°, ofthe llorizontal 

being set ivitli perfect exactness in 
theSamovertical plane with the optical axis 
of the camera. -4 special "spur" device of 
the horizontal circle enables Che tel.,acspe 
to be placed exactly a t  right angles to '!re 
optical axi, or to deflect it, ec,ually exactly, 
by 30" to 1:gllt or left. These three 
positions give, a t  the stat.tion, a total field 
of 1050* The readings On the 
l~orizontal circle, which is 120 millirnetres 
in diameter, are made to ahout 30 seconds. 

A special nlicrometer screw, placed 
borizontally below tlie camera, provides a 
means of meastiring tlie length of tlie 
base. This is done by directing the teles- 
cope by means of this screw, successively 
to the two extremities of a horizo~tal  
metal scale, 1 metre in lengtli, placed on 
a secontl tripod a t  tlie other extremity of 
the base and by reading on the micro- 
metre head the number of divisions wbich 
correspond to tllis of 
telescope. One division of the micrometer 
'qua'' 1/30,000 effective distance 
from tllc vertical axis of the instrument. 

A mark of special design, fitted on the 
tribrach of the tripod at tlie second station, 
provides a point on whicll observations 
are taken for the purpose of setting tlie 
optical axis of the camera, eitlier in the 
"normal" case or in any other. 

Carefully prepared plates, worked as 
for mirror glass, are used for the negatives. 
It has been recognised as absolutely use- 
less to "work" them ''optically" as was 

thought possible a t  first. The finenem of 
the grain of the emulsion is from one 
two thousandths of a millimetre which 
certain manufacturers have succeeded in 
produc in~  as a stock quality' 

This fineness of grain of an 
eight fold magnification in tile stereo- 
~ ~ m p a r a t o r  and of attainin:, nOrmal '~,  s 
precision eiglit Or ten seconds in 
lr.easures Or 

We will not refer again to the method 
of using tlie stereo-photo-theodolite in  
*,he field, that is to say to tlie stereo-pliot~- 
survey method already described. 

We have siloen \+,hat degree of preci- 
sion been reaclled in tile design of tllo 
s ~ e r e o ~ p ~ ~ ~ t o ~ t ~ l e o ~ o l i ~  and how tl,is has 
led to a reduction of iltstvtlmental errors ; 
the procers, llowever, which enal,les bs 

to set up  tlie negatives on the auto-stereo- 
plotter with great ease and to get rid of 
all the complicated corrections which had 
to be carried out formerly, consists in  
determining for each stereo-photo-tlieo- 
dolite wit11 extreme care ncd a t  the outset 
before it is taken into use, what are called 
its characteristic wn.stawt,o, which we will 
enumerntt, brinf'y. 

~ ~ ~ ~ ~ ~ , . d , ~  the cameg,a. - J I ~ ~ ~ ~  distance, 
proje, tion on the plate of the 2odol point 
in front of tlie objective, distance 
the llorizon defined by the ,norable roint 
, on the and the real horizon 
of the negative (fig. 12), distance between 
the vertical defined by the marks 1 and 3 
and the real principal vertical (fig. 12). 
value of the micro met^.^ screw, error of 
the zero of graduations of the micrometer. 

As regards the theodolite. Error of 
parallelism of the vertioal axis of the 
theodolite and the vertical axis of the 
camera, error of perpendicularity of the 
nxia of robtion of the telescope to the 
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Vertical axis of the theodolite, difference 
of height between the axis of the objective 
OF the camera and the axis of the telescope 
of tlie tl~eodolite, error of collirnation of 
the telescope. 

A previous, precise knowledge of all 
these cl~aracteristics of a given apparatus, 
enables us to determine, in advance and 
once for all, a set of corrections to be 
applied to the stereo-comparator whicli 
enables inrmedinte use to be made of all 
negatives produced this particlllar 
apparatus. All that remains now is to 
correct for errors of operatio~s which only 
affect, t l l e ~  are very gross, tlle 
Iengt,li of the base and, very rarely, the 
angle between the optical axis and the 
base 

These points an 
important, tl~ougll on tlie aholr  hut little 
known, advance. 

711 . -Of ice  zoork a~zcl the Ore1 
azct o-stereo-plotter. 

me have seen that oflice work with the 
Pulfricll stereo-comparator lln(l still to 
contcncl with several radical defects. Bp 
its nature, i t  admittedinevit:lble causes of 
error, tlle cotlsequrnces of n~liicli JTere 
that  from 5 to 10 "1, of tlie points nTele 
incorrect. Besitles, the map col~ltl be 
built u p  only point by poilit and these 
points were tletrrminetl 1)y means of 
calculations nnil construction which nrere 
still of oousidera1)le lr11gI11, in spite of all 
the ilnprovcrnel~ts introtlucecl, so that 
about five or six minutcns were taken up in 
calculating aud plotting cacl~ point. 

Another result ITCIS that the colltoors, 
the essential elements of slope, could be 
got only by the a ~ i t i q ~ ~ a t e d  process of 
interpolation. between spot l~eigl~ts.  

~ ~ n ,  thouSh, by reason of the nature 
itself oftheold methods, i t  wasimpossible to  

define ground forms exactly aud*precise]y 
or to produce angtlling but  interpolated 
contours, simply and of necessity approxi- 
mate, the veritable model of nature, of 
such emphatic relief, conjurecl up by tile 
stereo-comparator \\!as a very different 
tiling, of wllicli a simple examination gave, 
even a t  the first glance, an extreiiiely 
precise and complete knowledge of the 
most complicated terrain. 

h f t e r  n,itll tllis vision in such 
lligll relief, to finisll rnitll a plan so rougll 
arid crucle in  modelling as by 
iuterpolatecl contours was truly, as van 
Orel remarked, a failure to take full 
tage of tile nlethod. 

Finilljr, as we liave seen, the stereo- 
comparator enabled us to nlalre practical 
and easy use only of negatives obtained 
in tile G'normnl,, and tllis greatly 
reduced tlie applicability and tlie elasticity 
of the method. 

And so, in a very short time, efforts 
were made to improve matters, first, by 
getting rid of all calculatio~is and all 
constrtlction of points, that is to say, 
by maliing the plotting on map 
automatical. 

Tyitllout refcrrillg to the experimelitnl 
n-orl<,  lo^\- obsolete, of Deville, tlie eminent 
Director or tile ~eogr:rphical Service of 
C;,rladn, whose "grapl~ic S ~ C ~ ~ O S C O P ~ "  

,,, really a (leuior~stration appnlbatns, 
r ~ l l o r l l p s o l ,  in Ellgland had made esl)(.ri- 
,,,,,tS in  tllis line. More recently, Dr. 
Pulfrich llad jTor]<ed on t11o design of the 

stereo-cnrtograpl~er " witli a view to 
nutonlatic construction, 1)oint 

1)y point. But tliese apparatlls llave 1)~efl  
greatly surpassed 1)y the Orel "n~lt,o- 

stereo.plotter", an earlier creation than 
the stereo-cartopapller~ that n'ill (Iea1 
only with this which is, more over^ 
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only one i n  use a t  the present time. 
: I t  was in 1907 that von Orel, t l ~ e n  a 
Lieutenant a t  the Institut Gkographique 
Militaire a t  Vienna began his investiga- 
tions. A first model, constructecl by tlie 
firm of llost in  Vienna, was usecl experi- 

photo-survey method was applied and tlte 
negatives, thus obtained, were " worked " 
on the auto-stereo-plotter, the automatic 
tracing out of the level contours being 
done clirectlp ou tlie tncl~eomet,ric plan, 
mounted on t l ~ e  plan board. 

- 
mentally in this year for tlie automatic 
mapping of tlie region of tlle Ortler from 
stereoscopic negatives obtained in the 
preceeding year. 

The could still plot auto- 
matically only point by ~ o i n  t but it got rid 
of all graphical errors. Heights llad still 
to be calculated and two operatious were 
necessary. Nevertheless, one point was 
determined and plotted in a minute, some 
five or six times quicker tllau with the 
stereo-comparator. 

This first morlc, rigorously cllecked 
on tJle gronncl during tile summer of 
1909, exhibited accordance 
~ ~ i t l l  all the verificstory measurements. 

Efforts were thcrelore redoubled, ancl 
in 1909, tlle firin of Zeiss in Jenn 
delivered to the Institnt Gbographique 
a ncm model, in which votl Ore1 had 
succeeded in effecting t l ~ e  automatic 
construction, no loilger of isolated points, 
bnt oE contow curves with a grnpllic 
precision of tnro-tclltlls of a ,llillimet,re, 
TIle plan board ]lad llecll cnlnrged 
aad nllomctl of tlle antomatic plotting, O n  

the of 1/25,000, of  situatecl 
twelve kilon~et~res from the base. 

l l le  agreement was extraordinary and " 

i t  was even obvious tliat the "model" 
given by the auto-plotter mas much more 
complete and exact than tliat defined by 
the t,acheometric contours. 

Paced by these results, the Institut 
GCographique JIilitaire definitely adopted 
the apparatus and a third nlodel, that  of 
1911, mas built by Zeiss. 

TIle 1909 model was still capable of 
plotting, ollly point by point, negatives 
on axes parallel though not perpendicular 
to the base and i t  C O U ~ C ~  110t deal u7ith 
convergellt nses. The 1911 motlel effects 
the auto~natic ~ 0 n ~ ~ r l l ~ t i 0 1 1 ,  not 0uly of 
levcl contours, but of any curved lines 
~~rhatever (roads, water courses, boundaries 
oE forests, limits of roeliy g r o u ~ ~ d  etc.) 
with t l ~ e  axes oricuted i i h  cozy tccry what- 
euel-, provided they lie in tlie l~orizontal 
plane. 'l'l~e plan l~oard 118s been still 
more enlarged. 

Three i~lstrurne~its of this ],attern are 
nCt"all~ in use. A t  tllis moment, Ztliss 

~0lldt"'CtilIg 3 UCI\- series of Orel 
allto-stereo-l)lottc~.~, namely, tile 1013 
t n ~ d c l  in ~rllich the improvcrnents affect 
mcrely details. 

I t  1l7ns su1)jected in tl~ir, rear to n 
detailed tcsf on the s~usket,ry ground a t  
IInjmaslier (Uungary). T i c  ground nrns 
surveyed tacIleomct,ricaIlp on a scale of 
1/1O,OOO ~ \ r i t l ~  precision nl,solu+ely 
abnormal to t l~ i s  scale (800 to 1000 points 
to the square kilometrr) and t l ~ ~  collto~lrs 
were ( ] r a m  in by interpolation a t  one 
metre vertical interval. 'l'hen the stereo- 

Lastly, a pattern allowing of tlie use 
of :txcs out of the liorizontal has been 
des ig~~ed and studied iu a11 its details. 

J t  is to s t ~ r e o - ~ h o t o - s l l r v e ~ ~ n ~  
binecl with tlie use of the Ore1 allto- 
stereo-lllotter tllat we apply the term 
~ 2 ~ t 0 - s t e ~ e o - s 2 l 1 ' v e ~ ~ n ~ .  

1. Deso,iption of  the Auto-rte~eo- 
plotter. W e  rvill describe, but only very 



94 AUTO-STEREO-SURVEYIN G. 

summarily, the 1911 pattern, and deal 
only with principles (fig. 13). 

The apparatus consists of a Pulfrich 
stereo-comparator for plates 1 3  x 1 8  fitted 
in prolongation and to the left of the long 
lower edge of a solicl plan board of very 
large dirnension~. 

I t  differs from the ordinary : tereo- 
comparator, in that the two frames to 
carry t,he negatives are independent, the 
one of the other. 

The frame ol the left hand negative 
is, besides, extended to the left so as to 
carry a print on card, quite flat, parallel 
to the left hand negative. The binocular 
microscope carries, toward the left hand, 
a rod terminated by a pencil cr adjusted 
over the print, the object of which is to 
draw automatically on this print and in 
pervectioe the contours, traced out a t  the 

same moment in horizontal projection 
upon the drawing paper. (see fig. 8 
representing the stereo-comparator and 
fig. 1 of plate VI). 

A little above the drawing board and 
parallel to the long side, that is to say, t o  
the principal horizon of the negatives, is 
placed a rigid metallic bar EE', carrying 
two screw threaded blocks capable of 
being made to travel by means of two 
solid endless screws st and uv, parallel 
and coupled by means of bevel wheels 
on a shaft tu. 

These rods turn in plummer blocks 
fixed to the bed plate of the machine. 
The screw st terminates in a hand wheel, 
called the " distance zoheel". I t  can bu 
seen that by turning this wheel, we control 
the movement of the rod EE' over 
the trhole surface of the drawing board. 

Fig. 13. + C L . ~ , ~ ~  l r r r l r l  
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'llhe binocular microscope is carried by 
A horizontal rod ha, perpendicular to the 
principal horizont,al of the negatives, that 
is to say to ISE'. 

Tliis rod controls a t  h,  by means of a 
pivoted sleeve, tlie rotation of the arm JLI 
of the right angled lever ItIIT. During 
this rotation, tlie pivot IL slides on the 
arm I The point 1 is fixed. The point 
H is a joint connectirig the lever hIH 
to the rod EE' and consists of a double 

turning about the fixed point 0. The 
connection is effected by means of rr slid- 
ing pivot such that, during the rotation, 
rn, fixed on am, moves along OM. The 
point M consists of a pivot joint with two 
slidiny movements, connecting the arm of 
the lever OM to t l i ~  rod EE', in such a 
way that the pivot M can slide along 
either BE' or Ilm. It is tire point 31 
wliicli carries the pencil wliich automat- 
ically draws the map. 

perpendicular to the principal horizontal. 
If the distance wheel be turned without 
touching that of height, it will 11 eseen 
immediately that the microscope will 
perform t,he same movement, but the point 
H will remain fixed on the rod EE' during 
the movement of thc latter. 

moveil~eiit pil-ot, that is to say i t  is capa- 
hle of movement along BE' as well as 
along HI. The rod h z  slides in a 
plummer bloclr e, carried by the bed plate. 

~h~ movemellt of 11 along the 
EB' is got by means of all endlebS scre\y 

Jg lnountecl 011 EE' and collnected to a 
lateral ?/,- mealls of 
wheel df, carrierl by the bar E1C. 
additioll, the hub of the pinion cl of this 
bevel gear is able to slide along gz by 
means of a feather sliding in a canelure 
cut in this shaft. This latter is carried 
iu two bearings e,, fixed to the bed of the 
machine, and terminates in a hand wheel 
called the "height wheel". 

It can be seen that if \re turn this 
wheel without touching the distance wheel, 
the point II is inoved along EE' xhich 
remains fixed while, a t  the same time, the 
binocular ~nicroscope moves parallel to the 
plane of the negatives iu a direction 

Tlle frame of the left hand negative 
carrier is connected by a rod, am, 
parallel to EE', to a lever mM, capable of 

'llhe turning movement of the lever 
039 is produced by rotating a wl~eel, 
termed the "wheel of directaons", fixed to 
the frame of tlie left hand negative carrier 
and having a screw tliread bearing in  
the thrust block e,, carried by the bed 
plate of the m2chine. I t  is seen that 
turning this wl~eel witliout touchirlg the 
0th"' two, the left hand negative is 
moved in a direction parallel to EE'. 

?'lie Ievcr OM will turn about 0 and 
in this movement, the pencil will trace 
out nll tlle points of EE', which remains 
fixed, as do the microscopes. 

of turning tile 
wheels can be just as easily appreciated 
and i t  nlill bc t l ~ u s  seen that if all 
three be turned simultaneously, the 
microscope can be brought over any 
point whatever of the left hand negative 
and the pencil to any point whotever 
of the drawing board. " 

Lastly, tlie frame of the right hand 
negative carrier is connected like that 
of the left, by a bent rod bcP, which 
carries a sliding pivot P, to the lever 
PO')), capable of rotating round the 
third fixed pivot 0". This lever is con- 
nected to the pencil carrying joint M, 
of the rod EE' by a special piece M a p ,  
formed of two rods jointed a t  a. The 
rod Ma has only one movement, that  
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of sliding along EE'; the rod wp carries 
a pivot p, with two sliding movements, 
connecting i t  to tlre lever yo" and 
capable, in consequence, of sliding along 
both PO" and pa. Consequently, if we 
turn the direction wlleel without touching 
the other two, the effect of which is, as 
we have seen, the movement of the left 
hand negative parallel to EE', the move- 
ment of the piece Map will produce a 
similar effect on the right hand negative. 

Summarising, tlie movement of the 
three wheels permits of the " movable 
mark " of the binocular microscope being 
brought on to any point whatever of the 
stereoscopic view and to move the pencil 
to any point whatever of the drawing board. 

'lhe rod EE' carries a micrometer scale 
HH', graduated outwards from zero a t  the 
point H', the foot of the perpendicular 
dropped from I on EE'. 

I t  is on tllis graduated scale that is 
read tlre differences between the heights 
of the points observed and that of the left 
hand station. 

The distance of the point I from the 
rod z h  can be varied a t  will by means 
of a micrometric scale 4. The rod ~p 
also carries a micrometer scnBm wl~icli 
allon-s of the length TP being adjusted 
exactly. I n  addition, the angle pnM also 
can be altered a t  mill, by means of a rni- 
crometric graduated arc a. T l ~ e  part 
0"P of the lever PO"p can likewise be 
bent a t  0 ,  so that P O  makes any anglr 
whatever nritlr 0"p, measured on a micro- 
metric graduated arc E .  

Finally, the three fixed points I, 0 and 
0" are on the same straight line pal.allr.1 
to EE', but all can be moved simulta. 
neously in a direction perpendicular to E.E', 
by any amount whatever with reference 
to the straight line a rn P, this amounl 

being measured by means of a micromet.ric 
scale +. On the scale pa is set off the 
length of the base. The scale t$' gives the  
distance of the l ineI00"  from theline amp, 
equal t o f ,  tlle focal lengt,ll of the stereo- 
photo-theodolite. By means of the scale 
4 the same value is given to the lengt,l~ I h 
and on thr graduated scale a is set tlie value 
of the angle Mnp, the angle between tlle 
optical axis of t l ~ e  left hand negative and 
the perpendicular to the base. ( In  the 
"normal case" a p  coincides wi tli M T). 
The graduations E are used to give to the 
angle, supplementary to PO"p, the value 
E of the angle between the two opticalaxes 
in the case of convergent axes. Clamping 
screws allow of the "travellers" being 
securely fixed in position on thtbse different 
scales. 

Figure 13, i t  should be understood, i s  
purely diagl*amatic, for i~~s tance ,  the 
"height" wheel is in reality dup1ic:lted 
by a pedal, so that the opcrntol. is enabltbd 
to put, in movemrnt~, :~bsnlutely sirnul- 
tanenusly, thc: tJ~ree mecl~anisms of I~eight, 
tlirection and disti~ncr. 

Fig. 14 is a view of the 1911 model. 

2. Tha Princ+le of operation of the 
Atrfn-stetseo-plot11~r. 'J'he extraortlinarily 
simple and ingc*ni(lus geomet ric:rl and 
mc~chanical princil~les on whiclr t.l~e oper- 
ation of t l~ i s  marvellous apparatus is 
based can be described in a f e w  words. 

Let 0 X and 0' X' be t l ~ e  l~nrizontal pro- 
jrctions, on bl~e plane of the map (li:. lG), 
of the optical axes of tlle camera in its two 
positions a t  the ext,rerr~ities of t l ~ e  base 
00 ' .  We will snppose we have to deal 
wit11 the case where tlre axes are par;rllttl 
to one anotl~er, hut oblique to the base, 
a being the anple batween the base and 
the normal to tlre two axes. 
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Fig. 15. 

Let OF and O'E' be, to natural scale, 
the focal length of the objective and, 
consequently, FH and F'H', perpendicular 
to FX and F'X' will be the traces, on the 
horizontal plane, of the negatives, supposed 
vertical. 

diagram is absolutely opposed to their use 
in a stereoscope and, much more so, in  
the stereo-comparator. 

Let  us dram 0 0 "  parallel to FH and 
let us take on this straight line a point 0" 
a t  a n  arbitrary dist.ance from 0. If  we 

Let M be, on the scale of the plan, the 
l~orjzontal projection of a point of the 
terrain. 'Fhe points of intersection, nz and 
I?&' of t l ~ e  straigl~t lines BIO and BZO', 
respcctivelp, wit11 the traces FH and F'H' 
represent then the projections, on the 
principal horizontal of eacli negative, of 
the image of the point I b I  on each ntlga- 
tive, tllat is to say, P,), and pfnL1 are the 
absciss= of these images measured, on this 
horizontal, from the centres F and F' of 
the negatives (see Figs. 1 and 2). I t  is seen, 
then, that the cnnstruction of tlie point 
M could be effected by means OF the 
absciss* F m  and F'm', as primal data. 
But i t  will be a t  once renlised that the 
position of the negatives shown in the 

now move tliere the point 0'. the straight 
line OIXt remaini,lg parallel to itself, we 
see that the trace of the right hand 
negative E'H' will coincide with the 
prolongation of the trace FH of the left 
hand negative, in such a may that t l ~ e  
focal poir~t  F' coincides with P" and the 
optical axis F'X' I\ itli YX. 

I n  this position, the two negatives lend 
themselves to stereoscopic examination 
and, in consecluence, to the use of the 
dereO-cOm~aratOr. 

Let us take on F"H and with their 
appropriate signs, thelengths PWtc and F m "  
respectively equal to F m  and F'm' and draw 
the straight lines and porn";  these 
are respectively parallel to M m and M m'. 
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Draw 3Ir parallel to 00" to its inter- 
section a wit11 a 0 " ~ .  q r e  Set, that BIT i8  

equal to the arbitrary length 00". From 
the point Tr draw P parallel to base 
OO', I t  can be shown without d i f f ic~~l ty  
that TP is equal to 00'- I n  addition, the 

itself, so as to arrive in the position Nn'p'. 
If we now compare tile preceding 

figure to fig. 13, 1, llich gives diagram- 
'matically the design of the auto-stereo- 
plotter, me see a t  once tllat i t  is just 
these mecllanical connections and this 

angle &In11 is equal to the angle a. method of plotting that are acl~ieved 

One gntllen from this, that tlie 1 mecl~aoically l ~ y  the latter, by means of 
I determination of tile point 11, instead of j levers pirotted about t l ~ e  centres 0 and 

from the simple intersection of 0". The only difference is that tlle two 
the straight line r r  0 DI with the straight 1 negatives are placed to one side so as to 
line nL'O'JI, in Qe first psi t ion of the ' clear the drawing board and close enough 

11, is easily obtained in the 
position 11' by t11e intersection of the same 

together to permit of examination under 
the binocular microscope. 

straight line 9nOM with the side Mn of Their movements, in the scnse of the 
tlie figure J I T ~  O''?nN, for i t  is evident principal llorizontal, are simply conveyed, 
tllat, for a given position of O I ~  and 0"m" in direction and true magnitude to the 
(that is to say for rl. given point M) there 
is only one position of the figure DI p a 
defined by the construction given abore. 

It will then be easy to construct any 
other point N corresponding to the images 

points m and P which correspond to the 
points m and nz" of fig. 15. 

I n  the general case where the axes are 
convergent a t  an angle c, let, in fig. 16, 
OX and O'X' be again tlle two optical 

n, n', n" by merely cawing the figure Mnp 1 ares and I and I1 the traces of t l ~ e  two 
to  move, unaltered in shnpe, parallel to negatives. 



I f  we turn  the axis O'X' about the 
point 0' by a n  angle equal to r, the 
negative I1 arrives at 11' parallel to I. 
A n  examination of fig. 16 sho\vs we have 
now resolved the problem into that  of tlie 
preceding case oE parallel axes, subject 
only to the conditioii tha t  we no longer 
linve to deal with tlie rectilinear ray RIO'IIL', 
bu t  the bent ray 310' n~", sucli that  I I L " ~ '  

mnltes with 110' exactly the angle E .  

!Che esaminatioil of tllc diagram of 
the auto-stereo-plotter slio~rs, again, t l ~ a t  
this condition can be realisecl by means of 
tlle grnduntecl scale E .  

3. C0)lto,ll. tl.aci)2g. w e  just 
studied tlie operation of the mecIlallism 
in  respect to distcraccs and (lii*ectio)rs. W e  
still 11avo to exanline i t  in regard to 
I~eighis.  

JJTe llavc seell, (fig. 10)) tha t  the 
din'erence between tlie l~eiglit  I( of n point 
On the left hand negative and that of tlle 
lcft l~nnrl station call be obtained by means 
of the forninla 

A ?/ 
h 

- J' 
where A is the distance OF tlie point from 
the bace, f tlie focal lciigth of tlie camera 
ob,ject glass and !/, tlie ordillate of the 
image of this pnint, as ine:~sured oil the 
left l~flnd ncgr.tive, that  is to say, its 
distance in inillimetrcs from the principal 
horizontal L C  tlie negalive. 

I t  can be easily sho\vn that, in tlie 
c x e  O F  n basc oblique to parallel optical 
axes, the length A,  wliich cnters into this 
formula, is the distnncc of tlie point not 
froni tlic base but  from tlic projection of 
this base on the perpendicular to the axes. 

It is this formula tllat is given effect 
to, geometrically, by t!ie two similar 
triangles h'h I and H'H I, (fig. 13), in 
which we have 

hh' - HH' --- H'I 
or again DE' = - - 4 h ' .  h'I H'I h I  

Now we know that  h ' I  is equal to f 
and hh' is equal to the displacement of tlie 
bir~ocular microscope, tliat is to say, 
to exactly tlie value y of the ordinatc of 
tlie point "spotted" by the  "movable 
mark". Finally, i t  is easily seen that  
H ' I  is just the distance O F  tlie point 
11 froill the projection of the base ou the 
l,e,.pendieular to tlio optical axes. It 
fol lon,s  that a~~ is tllell equal to 11 and 
that once tho 
RIl' and wit11 the point LI' as zero, tlie 
tlifference of level for each automatically 
plotted point BI. 

If ,ye fix by lllenns of a clamp 
the slide E a t  any point n-llatevcr of the 
scnlc lln' and we tllen turn  the ~vlieels 
of "clista~~ce" and "direction", t l ~ c  belit 
lel-er lL IH,  conLrollcd by tile rod EE', will 
slidc ill the sleeve a mitholit the 
lengtll, to  n-llicll ~ u '  is  set, alterillg; bLlt, 
as we I ~ a v e  seen, its s l~o r t  arm I h ,  in its 
turn and by means of tlie sliding sleeve h ,  
will move the mliole bicoculnr ~nicroscope. 
~t is evident tllen, that  under tllese coL,di- 
tions the imaginary movable 
cannot niove except ill a Iiarizontnl  plan^, 
Sillce tllc of level will 

consequently , he  
poillts tile tcrrnill mllicll tile operator 
"touches" with this "mark" will be points 
on tlle level contour corresponding to tliis 
difference of level HIl' mid as we can 
lieep tliis "movnl~le mark" uninterruptedly 
i n  contact with the ground, t l ~ c  pencil 
nfil] t l ~ u s  trace out on tile drawing board 
tlrc corresponding level contour, not by 
interpolation, nor even by widely spaced 
points, as  in  the  least imperfect of tlie old 
nletliods tliat were applicable to only very 
largo scales, but  in a n  absolutely continu- 
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ous manner, recording the sliglltest 
sinuosities, nnd this without the least 
difficulty, since all that is necessary is that 

the Service GBograpl~ique de 1' Arm6e ---- I - _ _ _ ,, - - "-. 
in the survey of tlie Alps, which is to serve 
as a basis f i r  our new i s p  on 1/50,000. 

the operator sllould keep turning the 
"direction" and '.distance" wheels mllile 
maintaining the contact of the "movable 
mark" with the ground. The out-turn 
of line traced in this way will be from 2 
to 5 millimetres a second, according to tlre 
distance, the scale, tile nature of the 
terrain and tlle quality of tlie negatives. 

VIII . -  The reeulle aclz~al ly  a t ta in-  
ed and the future of auto-etereo-ploltzqzg. 

§ 1. The advantages. 
I n  the follomin~ lines will be shown 

that  wherever it is applical~le auto-stereo- 
plotting is o~erwhelmingly superior to the 
older methods. 

1. Ropiclify. P i r s t l ~ ,  t l ~ e  rapidity 
of botli field norlc and office work greatly 
exceeds that  of any of the old met.hodsJ 
scale for scale. 

Thus, on tlie scale of 1/20,000, a 
sltilled surveyor will turn out, per month, 
scarcely 1 0  square kilometres of regular 
plnne-table survey in mountains, that is 
to say 0.3 kilometre per worlting day. 
This is the normal figure for surveyors of 

Fig. 17 

On the other hand, the Auslrian Insti- 
tut Q6ogrnpl1iqne Jlilitaire turned out 
normally, in its surveys of the 'l'yrol on 
1/25,000, 2 square kilomc?tres per day per 
op~rator  (150 square kilometres, on an 
average, for six weelcs field ~vork, two 
sections being emp1oyed)wlien using Lauss- 
ednt's method of photo-plotting ; about 
1,418squnre kilometres liave been surveyed 
by this method from 1,167 stations. 

After 1009, as we have seen, this 
metliod was entirely abandoned, giving 
place to t l ~ a t  of anto-stereo-plotting. 
From that  time, tlie normal out-turn lras 
been 800 square kilometres during each 
annual field season of six to eiglit weeks, 
only a aingle section being employed, that  
is, about 10 square kilometres per"day per 
operator. By the end of 1912, 2,890 
square I<ilornetres were mapped in this 
way from 334 stations. 

The difference between t,lle t,wo last 
metllods is shown by the marked difference 
of out-turn in ground mapped per station 
(1.2 Itm2 approximately in the first case 
and about 8.6 km2 in the second). 



PLATE 1. 

Cornpari~on I~etween rt taclleometric map, and the same M produced by the lnethod of auto-stereo-surveyillg. 

S u k .  -!- Contour Interval 1. metre 
1000 - Contours given by the sub- plotter. 

o 'I';~cheor~~etric point3 four~d correct. 

P 9 ) I  I ,  i~~corrcct. 





In  1913,in the twenty days between 10th 
Ju ly  and 1s t  August, the Austrian detach- 
ment mapped 380 square ltilometres from 
26 stations, or about 10  bin2 per station. 

The inap ol the Dachstein massif on 
the scale of 1/20,000, produced 11y the 
Vienllese company, tlie " Stereographik ", 
fo~ulcled by 39. 1-011 Orel, covers 362 
square liilometres. The untlerbaliing in- 
T olred 33 l m e s  and occnpicd 30 n-orltiilg 
day4 in 1012, : t l~oi~t  1 2  sclllarc kilolnctres 
per day and 10.3 sqll;lrc I~iloinct res pr r  
1)ilse. 'l'he tci*rnin n-as, nlorool-er, solue- 
what u11Ca1-oral )le 011-ing lo the 11 am1)cr 
of high 11l:tteaus n it11 it>\\- ci~lni i~i :~t i i ig 
points, n Ponnrttion ~vhich necehsitiited 
more thnn the normal nun11)er ol stations. 

On the scale of 1/1,000, the rapidilj- 
of auto-stereo-s~~rveys, as cnlcuhttetl from 
nnmerous technical plans esecuted by the 
" Stereographili ", is, in the case of the 
most difficult terrain, fro111 50 to 69 hect- 
ares per n-orking day per detachment. 
Now i t  i~ 0~11y 011 easj-, very gently slol~ing 
terra,in that n third (10 lo 20 hectares) of 
thisout-turn cml 11c a t t n i ~ ~ e d  ~ ~ f i t l ~ d i f l i c ~ ~ l t y ,  
mit,lr tlrc tacllcomcte~., and that I\ itlt n 
innch lower drgree of precision ; in very 
1)roliell countibg t lle out-turn atrd t l ~ e  
accuracy Fall I ery r:~l)idly. 

~-cy:trds the c : ~ r t ~ g r i ~ p h i c  n ork, no 
c o m p : t ~ i \ o ~ ~  i4 l,o*iil)le, since the old 
melhods were 1una1)le to protlnccl a n y l l i i n ~  
siniil:~r to ihr  pl:tiis g i ~  rn 1)y the allto- 
stclrro-plotler \villi t1iei1- continuo~rs cnr7 cJs. 
l y e  call only s:ly that, in :t year, :L sinfile 
;~p~ :~ r : t t t l~ r  c:ln 111:ip i ~ l  le:~ht 3,000 S ( ~ U W E  

Iiilolncltreq 011 n sc:ble O C  1/20,000, except- 
ing, 11e i t  ilndcrstood, the " 11lanl-s " 
correqpontli~ng lo tr;\ctq or to s~na l l  tletails 
invisil)l(-! fro111 the stations and which hare 
to he completeti on lhe ground during a 
folloxing field season and generally 1)y 
old methods, their es ten t  being alv-ays 

very small if the bases have been judi- 
ciously selected. It is in t,his second season 
also that the " nomenclature " has to be 
collected. 

I One call easily imagine, thus, TT ha t  
eco~iomies the new method enables us to 
effect in the execution of maps in general 
:tnd, in ~: tr i icalar ,  of Cng.tes cl'E(at, eco- 
ilomies in espenditure, in l~ersoniic~l itnd 
e.;peci;ill~ in time. 

2. A c c r t r ~ c y .  'I he acclcrac!- of p l ;~ns  
011t;tillod 11y the. nm\- ])rocc\s hns, lor l on~ . ,  
l)c>en loolied 011 11 it11 su\j~icion l)p poorly 
illEo~-~ued hciei~t iqts altlionqh n guarantee 
of its precision 11 as all'ortled l y  the mere 
f:tct of its i~doplion, to the esclusion of 
all others, 1)y the R ~ ~ s t r i n n  Inst i tut  Gko- 
graphiql~e Militaire, alter 1908, for terrain 
a t  id1 far-ond)le and this after sixteen 
years of espcriment and continuous work 
on rt very large scale (2,570 square liilo- 
metres of inappinp). 

Nel-ertheless, sel-entl proofs may 1)e 
adduced here. 

Let  uq call to mind, first, t1i:tt in 1911 
the S c r ~ i c e  GCographique de 1' ' i lrmde ' 
l)eg:~n to c~speriment in the Oisans inassif 
n ill1 the method of stereo-photo-sur~ey- 
i n s  and later to ])lot the map on a scale 
of 1120,000 1)y means of the Pnllrich 
slrreo-coinl)ni8i~tor. Kow wilh a view to 
lurnihh i t  check, 111 enl!--three points 
:r ])pearin:. clearly in the ~~l io tographs  were, 
ill the course of Ihe n ork on the grountl, 
fixed 1)y theodolite ol~servations lrom the 
1wincip;tl stations. The positions of these 
poirlts n-ere then co~npnted trigonometri- 
c;tlly. 

Kou-, tlie ollicial report on the resulls 
of this check is couched in the follon ing 
terms :-" The comparison of the positions 
and altitudes of the check points as  gil-en 
by the photo-sur~ey,  with those derived 
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from the trigonometrical computation, 
gives a measure of the precision of the 
operations. The dzferelzces are innppre- 
ciable i t 8  regard to  position and do not 
nmouut to 2 naet2.e~ i n  respect lo nltilzcde. ":" 

Further corroborative proofs, in 1912 
aiicl in 1913, lecl t,o the decision to acquire 
a n  Ore1 auto-stereo-plotter, as has already 
been said. 

Plate I represents coiilpara tive plans, 
on 1/1,000, executed near Vienna 

(i) l)y iiieans of the inethod of 
auto-stereo-plotting (curves in 
contii~uous lines). 

(ii) by 111e:tns of the tacl~eometer 
(curves in dotted lines and 
isolated points). 

The taclieometer plan n-hicli was to 
serve as the nieans of appraising tlie new 
method n-as naturally executed with 
extreme, ancl exceptional, care, 315 poi~i ls  
beit~g j lred pep hectnre. 

I t  was thus 11ossil)le to define the 
gro~uld by contours a t  1 metre interval 
with particular accuracy. W e  can say 
tliat these curves represent the nlaxiinunl 
accuracy, coinpati1)le with tlie scale, 
attainal~le l)y the tacheometric method. 

The drawing by the auto-plotter n-as 
effected on the same sheet of paper as the 
tacheonletric plan. Now to l~egin with, 
the auto-plotter gave accordant values 
of height in the case of all the tacheo- 
inetric points, except sixteen, ~vhich are 
indicated on tlie plan 1)y a special symbol, 
and these sixteen points were fo~und, after 
verification, to 1)e l~nrdened \\-it11 errors 
in tlie tacheometric calculation. 

I n  the second place, it is seen tliat 
the interpolated tacheometric contours are 
not quite exact and differ apprecial~ly from 

- -- 
* Papers of the Swuice G<ographique de I' ArnlCe 

No. 34 Vidol. Report on the work carried out in  1911, 
page 44. 

reality towards the right of the area, where 
they are too systematic and show none 
of the minor undulations of a small drain- 
age channel, which on the other handis per- 
fectly rendered by the continuous curves 
of tlie auto-stereo-plotter, the superior 
accuracy of which is clearly sho\rn here. 

Finally, i t  will l)e noticed by esan~in-  
ing fig. 17, a print froill the negative a t  
the left hand station of the lxlse, how very 
favora1)le is tliir terraill, regular and 
without " accident ", to a precise and easy 
tacheometric survey and i t  will also l)e 
seen a t  once that Lnnssedat's old method 
~voold 1i:tve been ineffective. The nega- 
tive slio~vs nothing on this 1)it of qround, 
uniformly sloping ai~rl absolutely ~vitliout 
appreciable detail, which I\ ould lend itsell: 
to any grap1iic:il constrnctiou. Tliir is a 
pertinent answer to such scientists as still 
believe lhat the ncw method, lilie tlie old, 
is :tpplicable only to terrain of nmpliithea- - - 
tre type and it is, a t  the same tiine, proof 
that the old method of photo-surveying 
has no longer r e a s o ~ ~  to exist and should 
dieappear. 

I'late I1 reprocluc-.q, 1)ut on the scale 
of 1/2,000, that is to say, on half reduc- 
tion, the plan, on 111,000, of the 1:tlce of 
Pormenaz in thc 1iei~h1)ou~liood of the 
col d' ill1 terna (Haute-Savoie) ~vliich wn 9 

executed by the " St'ereogmphik " at  onr 
recluest last A u g ~ ~ s t ,  to serve as the sull- 
ject of special technic:tl study. The work 
occnpied half a d:ty 011 the grountl and 
a t  tlie auto-stereo-plottt:r, twen ty-three 
hours. At  our r ~ q ~ t e s t ,  the carves were 
drawn, only up to the 20-metre level 
al~ove the lake ant1 lhere was no plane- 
tabling. The directions ancl leilgthn of the 
three necessary bases are shown and also 
the field of view of the three negatives 
taken a t  the left hand station of each base. 
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Noijr, during the work with the auto- 
stereo-plotter it mas possible to show that 
the imagillary mark ", having beer1 once 
adjusted by the operator to reinail1 in a 
plane \vhich, if the iipparatll.; were itccn- 
rate, to 1)e liorixontnl ant1 to corres- 
pond to the surface of the lake, could 
then by the operator to follow 
\~it11 precision the sluallest sinuohities of 
the edge of the lahe and the ce1itr;tl islet 
(fig. 1, plate TTI). This is a stribing proof 
of the precision of the inslruincnt, for 
here we are dealing with it continnous 
level contonr traced on the ground by 
Kature herself. 

Again, one nlore i'itct ]nay be alluded 
t o ;  this is that differellt traces of tile 
sxllle colltonr, nl;lde by cli~~erellt 
i11 succession a t  the stereo-plotter, coiii- 
tide ,vith one allolllel, so that the 
trace simply thickens up. 

11 is seen, then, th:it, sc;ile for scale, 
the accuracy of l l ~ o  process is ;it least 
equal to that of theh niost perPrct of the 
old methods ttnd, I\ lint is still Inore astoil- 
isliir~q, that it depeilds ouly in :t sin:~ll 
dcgi-c.e on t lie fic.1~1 I+ ork, that the accu- 
riiC;\ i*, in :t I\ iiy, constant, :tntl the maxi- 
11111111 ~0111l)ittil)lr \\ it11 tlie *ciilt! ol the 
plia~ yiveii ljy 1 he ituto-stereo-1)lolter. 

. R i c l ~ n ~ s s  yf ntodcllirrg. Jve n,&) 
lay stress 011 anot,h,~r iml)ortniit ntl\.antagcx 
~osso.;se(l 1)y g1:tns ~ r o d i ~ c e d  1))- tile ;into- 
stereo-plotter, ;tntl that is the I-ic1lnes.t all(] 
infinite delicacy of the modrl of tllu 
terrain 11 liich is ;iffordctl 1)y t,]le coglti,l- 

 LOU US ciirver. ITron~ illis poilit of 1 ien,  
no other 111ethod is c;ip:ihle of giving 
:tnything ;it :dl :~l~pro;tchi~lg it. \;Ve c;in 
hiLy Il1;tl modcls of t(1rntin of such troth 
h:t\c> ntser 1)een oven thought possi1)lc. 
'l'he old fashioucd contour, for the ~nor t  
p:trt interpo1:lted or, in esceptiori;rl canes 

and for only very short distances and on 
very large scales, " traced " by means of 
several points On the ground, was generally 
only an approximation to the truth, more 
or less coarse, merely a diagram. T h a t  
can be said of contours, interpolated i n  the 
o@ce, from several heights scattered, the 
least unfavorably possible, over the paper, 
and thelnse11-cs derived fro111 uncheckable 
iigureh taken from the ol)*ervers' field 
l)ool<s. Thi.;, ]lo\\ ever, in the case ~v i th  
liiost pliins ol so called precision, executecl 
1)y the tacheoineter and as we have seen 
allole, el-en in a plan of extreme pre- 
cision, there are still errors which escape 
detection. 

The appearance of a ]nap with :h~lto- 
"e'eo-plotted contours is snch a novelty 
to tlie exe of the specialist by reason of 
the un(lrenlnt of ricllne~s of mod*llilig, 
that some of them have complained that 
this richnesq itqelf would  nili it ate againrt 
the appreci:itioll of the gelleral forln of 
the terrilin. F~~ part, have 
,l,,-er this, very llluch the reverse. 
H ~ , ~ ~ ~ ~ ~ ,  as orel  hit.; relnarked, 
notl,illg is more easy than, ill the ti,lal 
e,ecl,t~on of the I,lap, to olnit the slnall 
,i,,,,ities of lnigllt be Con- 

sirlered (~istrn.l,illg in this respect. Bllt 
the essential tliffbrence fro111 other me- 
thods \ \  hich gi\ e contours, 110 point of 
which i.; exact, c>xcept very occasionally, 
iu that in this case hy far the greatest 
p i t~ t  of the final contonr is absolutely 
;tccurate and 1)esicle.s there always remail,.o, 
and tlii* is important,-the original curve 
O C  the i ~ u t o - s t e ~ e o - p l o t t ~  as a basis for 
sin~plificittion in the drawing of the final 
contours. 

I n  present practice, there is nothing to 
eq~ial  i t :  everything depends on the lvork 
of the surveyor on the grolmd (1 do not 
speali of tacheometllic plans, generally very 
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inferior in t,he matter of level curves) and 
consequently on his personal equation, his 
training, his experience and his eye for 
country,-in a word on his " topological " 
abtainments. 

Now, we can say that i t  is only (luring 
the last Pew years (less than 15) that 
this new science, " topology ", has lwen 
diffused amongst the 1)est surveyors, 
~uITicie~~ll\- to ensure that maps of irregu- 
Iirr prountl, e x e c ~ ~ t e d  with the ]~liint:t;~l)le, 
on 1 20,000 and generally serving as 
fo~ultlation for the compi1;ition of the cnrtes 
d 'z la t  are not verit;~l~le c;tric;~tnres or 
t h r  ttwain. 

I 1  1 he existing m i ~ p s  of a Iitrge conn try 
have to satisfy wants ever more ant1 nlort. 
varied and consequentl?- artx always h;tv- 
ing to meet increasing (lemands. I n  
particular, the researches into phyuical 
geography or geology requirc on the part 
of the modern surreyor a thorough, com- 
prehensil-e kno~vledqe of the principles 
of these sciences if he wishes to prorluce 
a map which will pro\-itltb n uon11c1 clattun, 
a thing indispensable to s i~ch  rerri~rch and 
yet, a t  the same time, what difficulties 
does the grorulcl not, present in the T\-ny of 
prodncing such a map. 

.\s was said in 1865 1)y Colo~~el  Qot~lier, 
undispoted master of the oltl French 
topoqr;tphicnl sari-cay. " l'he Yarveyor 
coterq the ~ ronn t l ,  pace 1))- pnccl, lilir the 
gnat 1\-11ich circles ro~lntl the nlot1t.l ol' the' 
sculptor. 1Ie rers thr  N I I I ' C ~ C ~  only t11f:- 

ment I)y elPmpnt :~ntl I\ hen sonic.ti~n~u, he 
d w s  s ~ ~ c c e e d  in c y t  tint, roi- a uon~rl\ h:tt 
limitotl ;Ireit, :I rrtlntv:~l 1 ic~n , th r  u ~ ~ r l n c e  
ir of t rn ~lufitvornl~ly i l l i~n~ i~~n tc~r l  irntl often 
the ol~rert-er i.c qo tliqtant that hiu l ) i noc~~ l ;~ r  
vision is unal~le to reteal to him 11 ith 
accuracy, the slopes that lie has to repre- 
aen t. " 

I n  the new method, on the contrary, 
the operator on the ground has no need 
of these generally somewhat rare qnali- 
fications; he is not even, properly speaking, 
a surveyor; he need only be careful, 
conscientions ant1 accustomed to use 
instruments of precision ancl photography. 
The only experience he must have, and 
this he  ;kcquires very quickly, is that he 
must 1)e a l~ l e  to place his 1)ases in the most 
Iavo1'nl)le positions so as to include in his 
negatives :ts much as possi1)le of the 
terrain. ant1 this consists, on most occasions, 
in gettiny 011 high :t.; possible. IIe  neecl 
not r t~ ldy  the tch~-r;tin, he 11its nothing to 
interpret, to ~~nde r s t :u~d ,  even to cli~;i~v, 
ant1 in the ofice aqain, there need I)e no 
surveyor at the stereo-conlparator, ~nerely 
an operator possessinr nonni~l  eyes, a s  
regards ntereoscopic vision, and hands 
acc11.ctolnetl to man ip~~ la t e  in.;trmnentu of 
pwcisio~~.  

r 1 I he result, al~noht instant:tneons, oE 
the purely mechanici~l operations is a map 
with contours of m;trvelloi~s richness 01 
modelling and which in so much the Inore 
C;~ithfnl to n:~t l~re,  that nothing is e;~sier 
th;tn to trace, in ~ n u c h  1)roken up gro~ultl, 
a11 the inter~nediate con tours that one may 
req 11irt: for the n1orp complei.(-: an;tl;\-uis of 
accidents of terraill which inay have P ~ C ; L ~ I -  

t ~ l  rrpn.ucnt;ltion 11p falling hetwcen tn o 
contonru ; k t  the normal inttlrv;~l ol' the 
Innp, in(fwnet1ia te con t o ~ ~ ~ ~ s  which ilrt> 
6.1 t ~ y  I l i  t ar trnv as the- 0 t h ~ ~ .  

ITrre 11-e hnl-c, ;IS 1 on Orrl has said, 
t hth r ~ ~ p l ~ ~ * ~ w i o n  or ;111 pc~~-son;llify in the 
i n n ~ ~ n ~ ( ~ r : ~ I ~ l t ~  d ~ t a i l s  t h;it go to malio 111) 

the nl;Ip ol' ;I 1;tr;f- region instr:itl of the! 
prc.9t.11 t nrc~ininl ; i t io~~ of \-el*it;tl)le prrson- 
nl 118nrzrc~rv.ipt8, tht; ~ a l n e  oC each O F  
which tlepcntls on the iil~ili tp of its nu tlior. 
I t  is thin that explains the v:~riationn in 
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the qualit,y of the modellin, rr one sees so 
frequently in large maps not only as 
1)etlveen sheet and sheet 1)ut in one ;and 
the same sheet. 

There is, finally, the complete itntl 
extraordinary rcrersal of eren the order 
of execution of the essential parts of a 
map:  outline, determination of heights, 
construction of contours. 

The new process provides the carto- 
grapher fi'onz the stad u ~ r d  before cver.q 
thing else, wit11 the c o ~ ~ t o u r s  11-liicli for- 
merly mere for him the c ~ ~ o t u ~ ~ i n g  of his 
worlc. 

Let 11s turn to the worli ol' " qenerali- 
sation" ~vhich has to be taken rrp sul~se- 
q ~ ~ e i ~ t l y  for the preparation of the. properly 
citlled c n ~ ~ f c s  tl 'Btnt, usually on n sllialler 
scale than that of the coniponeilt oriqinills. 

('l'hus For the new map of F~~ance ,  on 
1,50,000, tlie section< I\ (.re sur\ eyed on 
1/20,000 ant1 for certain :Ire;ic; el en on 
1110,000). 

Here, only, will it always l)e necess;n.y, 
whatever the incthod, to e~m])loy ;a first 
(:lass t.opographt:r, since it, is ;I in;llte~. or 
siml>liCying, of gc~ne~iSitlisin~ it~rtl 111 is 
~riostly, 1)g the deletion of cont,ours .to 
;l.llo\v space Eo1: the ont,liue dt:t:~il ilntl t,he 
lettering, tlie relat,ive iml~ortitnce oC whirbh 
increases as Ihe settle tlecrenses. Such 
work ci~lls for conslum~n;tt,e e spe r i e~~ce ,  as 
licrc it in necessary t,o lino~v lie\\. to bring 
ont ant1 give emphasis t,o the chitrirct~eris- 
1 ic Peiitrlre~ of a comltry, ol I\-hich ill i l l1  

'it,s tl(:t,iiiln it, is generally i1npossi1)lc Cor 
lh(: operiitor to have firs(; kno~vlrdgc-! ; the 
tlet:til sect.ions form his sole source or 
i~~Conn;ll.ion ;~,nel ht: is 01)liged t,o dri~n- 
i11spir;ition t'rom hin ospt:rio~icc i111d topo- 
lo:.ic;~l k~~o\\;lcdgt?, ; ~ n d  so, very ol'to~l, an 
(:f:ner;tl 13ert.hii1rt, s:~id, "One f ~ e l s  the 
necessity of going to the grorund itself t,o 

see how i t  is made ". One has, neverthe- 
less, to I)(: content to accept a conjectural 
position lor a line for the siiiiple reason 
that it appears to he the most pro1)ahle. 

With the new method, the inittter is 
simple; all that the topographer in his 
office, need do is to trlrn to the mirror 
.stereoscope carrying the pair of tranq- 
parelicies \\.hich represent the I-egion to be 
generalised ; to find there, immediately 
l~efore his eyes, the: gror~nd itself, not 
~nenbly il liltle corner of ii ,  hot the whole 
expiinse for some 1.3 01' 20 sq. km, in 
lni~rlied relief, fiiving :t cltlar ant1 irnme- 
diate rthj-clation of the   nod el ling of the 
I;lrge forms 

T-TOM- vi~st~ly superior :ire ~ v e  to the 
111iscral)le g11uI descriljed 1 ) ~  Colonel 
Gonlier ! 

'I'he lasli ol the "qcnc~~:iliser"~\-ill 1 ~ :  st,ill 
~iiore sinnl)lified if the tield oper;rtors, the 
phot,ogrwphei~s in fitct,, itre provided n-it,h a 
s~na l l  pattern (4, 5/10, 7)  oQ li:t~rd stereo- 
scopic appar:ttr~s a,~itl will talce t,he t roul~le 
to collt:ct, in the corirs~oi' m:~rches t~secrlteel 
for their regular ol~ei~ations, s~nitll stc?reo- 
scopic iirjint.ivc~n \\.it11 " l ~ i g  separat,ion ", 
:~ f t e r  the simple and rapid manner indicated 
ill Ihe footnotte on pages 17 and 18 every 
time they reach a point offering good co111- 
l )reI ie~~si~.r ,  vie\vs 01 the region to 1~ 
lll'tl'~'e'1. 

. :lly so tloing t,h(:n: is gained :t very 
jimi~t i ~ c l \ - a n l , ~ g ~ ,  easily i i  j~preciatetl by 
slwcinlist~s. 

, the ~-t.i\tlcr to ;1l,prcci;rtct thiq sllperioritg oC 
iiiodcllin:. of :u~to-qterro-l~lotted maps. 
l ' l~ te  T1 L in t;ihrr~ lroln thr Intap of Fri~nccb, 
(cnvtc tle 1' B t a  t - J / c q o ~ . /  on 1/80,000 
(,Innecy sheet, X.13.). ?'he c o ~ i t i n ~ ~ o ~ r s  
blue lint: sho\\s t h t ~  limit.; oC a 111i11) 011 

1/20,000, esecritetl and n~ilppetl for ur, 



during last August by the "Stereographik", 
the ~riappiiig being based on the very 
accurate triangulation carried out by 
JIM. Vallot, who yery kindly placed i t  a t  
our disposal. 'l'he area is about 140 sq. 
Irni. The broken blue line shows the 
whole ground covered by the negatives, 
that is to say, the area really " surveyed " 
aiid \vhich could, as ettsily, Iiare been 
lilapped. It aniounts to  237 sq. km. The 
arrows show the clirections of the asis of 
the left hand negative nornzal to the differ- 
ent bases. The finished map of the 
liniited area was delivered to us a t  tjhe end 
of J i t n n a r ~  1914, but i t  is of too large 
(limensions to be shou-11 here. 

the Chamonix valley up to the crests of 
Mont Blanc, from a single base in front of 
le BrBvent. 

The five control poiiits are deriyed 
from the triang~~lation carried out and 
very kindly placed a t  our tlisposal by RTM. 
Vallot. At one operation aiid by means 
of the auto-stereo-plotter, the three nega- 
tives were thus productive, of a contoured 
inap of 30 sq. km. of regions to a great 
extent absolutely inaccessible (see the red 
line i11 plate 111). 

Our thanks itre due to 31. vorl Ore1 for 
permission to reproduce this still unpub- 
lished work, of special interest as i t  
inclncles all the xround it was ~ossible to 

It only remains to 1,e said that a large 
part of this ]nap on 1/20,000 falls in the 
territory cjf the Canton of Saint-Gervais 
( H a u t e - S ~ V O ~ )  where, fifteen pears ago 
the cadastral survey Was revised with a 
very great (leal of care. The Directorate 
of the Cadastral survey of the depart- 
nient of Haute-Savoie U-as kind enough 
to provide US with a very accurate COPY 

Of the " nlosaic "7 011 the scale of 1/20,000, 
oE this Cadastral Survey, showing thereon, 
its own trigo~iometric:tl points as \\-ell as 
those of the triangulation of 5451. Vallot. 
It n as thus easy exactly to superpose this 
copy of the iliosaic on the original contour- 
ed plnii given hy the auto plotter. The 

was a1,solately astonishing, for 
:ill the sinallest rivulets of the copy 
were found to lit into the chanilels of the 
contoured plan. 

I t  was another reinarki~1)le proof of 
the accuracy of the new niethotl. 

l'late I V  is a reproductinn of part of 
the conlplete contoured 1ii:tp drawn by the 
Ore1 auto-plotter froin another survey, 
carried out by the " Stsreographik ", on 
its own account, of the oppoqite flank of 

- 
discern on the negatives ancl to draw 
"it11 the auto-plotter. 

Fig. 2 of Plate JTI. sllon.s the generltl 
well froln the left hand station 

of the Nillgle at  jYhich the \\rork on 
the gPoUrld occupied al)ont I+. hours. we 
lvonld draw to the inlpol~tallce 
of woo(led \vhere, as knoll., 
t i lc  iclentification points was almost 
impossible wit11 the old Laussedat inetllod. 

Let us point out, tn begin with, the 
represrntttt ion of tlle " wall " of vrrtical 
nl'ktes which 1jolund.i t l ~ ~  1)lnn on t,brS.E.,- 
a ~vall  wlirre the tracing of contours :tt 
20 inctres interval had not to 1,e interrupt- 
ed, a fact which gives t l ~ e  plan tht: value oC 

a scientific d ~ ~ c t u n e i ~ t ,  in.st,ead of the purely 
convential diagram, 1nol.c or less artistic, 
~vitli  whicl~ we have al~vnys liad to he 
content in slich CRS(Y, up to tlie present 
tilnp,. 

One will also notice tile iinust~nl corn- 
p1etene.s~ of modelling of the glacier 
surfaces, sho~ving clearly and accurately 
the large crevices, the vcry interesting 
detail of the small scarped ravines, the 
beds of old sub-glacier ts!e_"Lq, and of 
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the highly complex form of the summit 
of t.l~e great, wooded butt,ress separating tlie 
glacier of Bossons f r ~ ~ m  tlrat of Tuconnaz. 

I t  is very int,ertsal,ing to compare t,llis 
plan, contoun,d by the auto-plotter, 
the beaut,iful pmvisional map of the same 
region, :Ilrrady to alld on tile 
,game scale, publisllc>d by M. H. Vallot. 
T1ri.l comparison sllows at  once the extra- 
ordinary accul-acy of the plan, for the t,wo 
systems of cont-ours, as a whole, coincide 
almost everywllere as wc.11 as at  the moraine 
crest8# ; :IS for t l ~ e  streams of the map, they 
fall exactly in tlie channels of the plan. 
But the contours of the plan are infinitely 
richer in detail and in tlie looodeti,* inacces- 
sihle regiolrs, where tlie old photo-plotting 
was able to give orily a roughly approxi- 
mate diagram, t,lic differences are very 
considerable (see ill particnlar, the buttress 
between the Bossons and Taconnaz glaciers, 
as as 'zhe steep s l o ~ e s  to ''he S.E. Of 

Pierre-Pointut:). The superiority of the 
new method is cle:~rly evident. 

Lastly, P1:lte V. is part of n technical 
plan, 1/190009 of a rocky, very nlnch 

It can justifiably be said that no 
known method would have bern able to 
produce for such terrain, and on such a 
scale, anything but a rough and formless 
r~pnwnta t ion ,  so that the " model " pro- 
duced without tile slightest difficlllty 
tile auto-~tereo-plOtter, coet,oured a t  one 
"elre interval, is t,rulJ' astounding and 
const,itut,es a hiplily precise scientific 
document of a type absolutel? unknown 
up to the present,. 

I n  short, in point of view of ricl~ness 
and accur:lcy of t,he details of modelling 
of tlre t.errain and also of the incomparable 
facilities which it sccurm for the neces- 
sary generalisation of tlie model for the 
preparation of t l ~ e  map proper on a smaller 
scale, the new metlrod presents an  indis- 
putable s~lperioritg over all the old 
processes. 

Let us dran, atterltion t,o still one 
more adv;lntogr, and tllat is i,lle limitless 
posail,ility of on  auln-stereo- 
plotted map. I t  is only necessary to  
r c  re-n701.k f l  tile neFatives to one- 
self of the accuracv of Che earlier work. 

scarped bit of ground in tlre erivirons of 
Fiume (Croat in) of which tlie accom- 
panying photograph gives an exact iclcn. 

t,11nt, on  meariorn h r n l r s ,  tlrc existence o t  forrsts of one call tllus obtain of any particularly 
pines prrsetrtn uil ~lifficnlt,y t,n thc constrr~ctic~o of t l ~ c  
bonrs. 'I h i n  is r n n i l ~  comprehcusil l lc;  on the  one  hnnl l ,  interesting region a more detailed map, 

Final!y, in the majority of cases i t  is 
perfectly easy to derive from the nega- 
tives, by " re-worliing " tliem wit11 tlie 

* A n  loocbiug rhe  n lq~ l icn l~ i l i ty  of the  met,l~otl t,o wood- 
ed rc,nionn, n t;lody of the pnuornlnn from tilrirh Ihis  plnn 
was rons t ruc t r (~  i~ n o t  w i t l ~ o u t  inlercst, for i t  shows r l cn r l v  

mc~dcllin:! of the rilipcr finiface t.lw forest in,  in fnc.l., on I with con t~urs  a t  closer interval. At  Dre- 

, ? l l t , ( ) - ~ t , ( ? r e 0 - ~ ] ~ t t ~ ~ ,  a plan on larger 
and  this  is a, for 

- - 
of tlrc forcnt, n o  t11.1t ror~t ro l  hclgllts are obtniunhlr. 1 the first map wit11 all its errors and in tlle 

such ~cnlcs .  vcry 11ercept.il1ly the  finme as t h a t  C V €  thc  gronntl 
helow; on t h s  o ther  hnl~cl .  i r  i n  nlmost nlways posnil,le t.o nee. 
and t.o rnnke  n ~ , o i n l . i l ~ ~  on, t,Ile ~1.oul111 itself in  scvcrn\ parts 

I 

set~t ,  thel-e is not,lling to I)(? done in such 
Cases, hut ~ ~ l l t e l l t  ~ n e ~ e l f  by enlarging 

short. r t r r tchrn ;  hcr r  t h r y  nrc: d rawn t h r o ~ l e h  
j u n t  nu in t,lle rwc of trncLe which nre nor. What it amounts to, is tlrat the new 
vinibtc an might be rlewircd (see platen 11, I V  and V) method enables one to preserve, SO to 

As r r ~ n r c l n  r ) ~ n n s  on lnrge ecnlea, t h e  parts 01 Ihe  forest 
wherc Lbc groond i n  1:lenr.y visible nnd detcrrniuahlr ere, 
nntnrnl ly ,  mor r  nnmcrous and importnnt  by remoll of the 
nhort d in~nncrs  (1110 t o  7110 metres) n t  which the n c ~ n t i v c n  
nro t,nkan. I n  fnot,, cx l~er icuce  118s nhown t.bat on plnnn n t  
I / I O O O  or I / ~ O O I I  I I I C  r .nnl .oor~ arc indefinibe only over ve ry  

enlnrgemvnt nothing more will be found 
t.l1an was in the original. Tile only other 
alternative is to " re-do " a t  great cost,, all 
the work on tlie ground. 



38 AUTO-STEREO-SURVEYING. 

speak in the office, the terrain itself ins- 
tead of storing in tlie archives as a t  
present, only the sections, per-force 
incomplete, dhrded  by the planetable or 

bulky and uncheckable tacheometer 
field books. 

' 2. The uses to luhich the method 
may be put. 

Thtl advantages of the new method 
frot11 all points of view, rapidity, economy, 
precision, richness of modelling, absence 
of prrsonal equation, the ever-preseut 
possibility of checking, are so great t,liat 
one is just,ifird in considering its advent 
not as simply a step in advance but as a 
veritable revolution in topography and 
cartography, and the uses to  wl~ich auto- 
stereo-~lotted plans mag be put are bound, 
in a slrort time, to become both important 
and varied. 

In the mat'ter of cartes (Z'Elut, we have 
the possibilitg of obtaining much more 
rapidly economicall~, genera' of 
a quality and uniform it,^ of fa'' 
superior to t'hose in present use. 
consider:~tion is especially important in 
the case of newly opened-up cuuntries, the 
colonies in part.icular, where the execution 
of precise work on the ground is usually 
slow, very costly and very arduous. 

Concerning official plans on large 
sa les ,  i t  would seem that cadrrstral plans 
On 1~1,000 Or 1/2,000 miglltp in 'he majo- 
rity of cases, be produced by this method, 
especially in broken country. we need 
not dilate on the special interest which - 

plans of parcels of land, wit]) accurate con- 
tours a t  irItervals of from to met,res, 
would have for the general public. Thesc~ 
would open up to administrative borlies, 
possibilities, not existing a t  present, but 

will certainly be considerable in the 
future. 

From the point or view of scielzce, a 
new field is opened up to investigations 
into physical geogl.aplry and geology. It 
is undoubted that specialists find most 
profitable the careful study of these new 
maps, so extraordinarily rich in modelling 
and a t  tlle same time so scrupulously exact. 
We may mention, in particular, the study 
of erosion phenomena, in their very varied 
manifestations, or of t,hose relative to 
vulcanism, to glaciology, concerning which 
many problems are still lieerlly disputed*, 
hydrology and even botanic georraphy. 

A, for the geologist, wllat satisfaction 
must it not he t,o him, to have at dis- 
posal for the showing of the outlines of 
geological formations, in brief, for the 
preparation of geolorical maps, topogra- 
p,lieal maps wllere t,he mollellin% the 
shape of the ground is no longer, as is so 
oft.en the case, so untrue and inaccurate, 
or badly rePresmted that he is forcued 
to resort to fudging u of 
proper ollflines in order t,o avoid insert,ing 
apparent improhalhilities on +,lie map or 
even to orni t alt,ogetl~er cert,ain important 
phenomena, because will not fit tile 
incorrect topoqrap~lr. 

Bcientlfia Ercperlitions, well equipped,- 
mill also find a valrlable auxiliary in the 
new method of rapidly proclr~cina maps 
of the conntry trav~rsed, maps far snpe- 
rior t.o any tlling that, it has been poaaihle 
to 1 1 ~  to the present, seeing that 
-- -- - .. - . - - . . - 

In t h i v o n n ~ r t i n n .  the r o m ~ r i s o n  of the con- 
tonrerl map of platr 1 V  with the prnviainnnl mnp of M. n. 
~,,ll,,t, ,,lrCnrlr referrrd to, i~ nlost inntmctive. ~t ciws 
evirlencr very clrnrlp of tha ~ e n r r n l  nnrl vrrg ~rnnonnred 
retreat nf tlw fnnr ~ l n c i ~ r n  wlnich npprnr nn this terrnin 
(Rossnu., 1161erinn, RlnitiFrr and Snntillnns) n retrent 
effectril in the cnnrpp of t,hr short pcrind rlapaed hrtmren 
the 'Intrs of rrrcutinn of the t,\trn mnps (1Rgfi and I R l 3 ) .  
The shrinkine hns Inken place in l e n ~ t ?  nq \v\.rll nA i l l  width. 
we #re, hnv mnch mnre cnsilp prriodirnl I n r ~ e -  
wale plans, execnted so rnqilg hv t,his mrt,hod. wonl~l e n ~ h l s  
variations of clwier mnqsea to he atndied, thnn the slow, 
complicated proccmes in nse n t  present. 



- 
_ G_e?eral view of the t e r e t k e  map 



--- 
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Now, oti l/d0,000, a ravine 20 metres 
wide, cnrrcspoucling to only one mi1limetl.e 
on t l ~ e  map, can not 11e represented ; it is 
however, tactically, a serious obstacle, 
I n  fact, much information iti the shape of 
coyer or of obstacles of sillall and niediutn 
size is entirely absent from tliese maps, 
where, l~owever i t  ~vould be of great ini- 
portance. The possibility of deriving, 
from stereographic photogrn plls, plans on 
a larger scale, nzo1.e detailed as regards 
moclelling, enables the studrat to provide 
l~itnself with far more instructive 
than the coarse enlargements in present 
use. 

I11 particular " Plnns di r~cteurs  " of 
thc snrroundings of fortified places, 
executed by t h ~  auto-stereo-plotter mill 
possess, for thc SRlne reason, enoimlous 
advantages over the p re~en t  type of map 
in which, in most cases. the re~rderine of 

a range of 10 to 20 km. can be covered 
from selected bases. 

, Also, and for the same reasons, maps 
of little kno\vn coasts are most easily 
made from t,he bridge of a vessel, equipped 

stl!reo-photo-tlleo~lites fixed a t  i t s ,  
two ends and fit,t,ed ~ r i t h  shutters operated 
simultaneously l)y electricity. * 

I n  connection with nrt:lital*y scimce, 
one interestin? use to wliicll these nrw 
maps coultl certainly be put is as plans for 
tlre "war game". Tlrese a t  present are only 
enlargements to L/10,000 and even 1/5,000 
of tlle 1/20,000 det:~il of cartes cl' Btnt ;lad 
one can obviously find on then1 only such 
modelling, as there \\?as on tbe origina.1. 

L 3  

the sl\apr of t.l\c ground is very unsatis- 
factory and t,oo much generalised for the 
requiremrnts of dvfence. 

the possible zones of attack, will confer a 
considerable advantage on the artillery of 
the defence. It goes without saying that 
sucll special maps would be prepared only 
for portions of ground, usually of small 
extent, wllicli are really practicable to tile 
enern)' and would not, as is now case, 
be ex te~~ded  uniformly all round the forti- 
fied place and also, that they would not 
" to the public. 

Again, the engineer on his part is 
interested to an equal, if not greater degree 
in the new, exact details of cci,*tes d' Etat ,  
a first class foundation for preliminary 
projects, (railwaj s, roads, canals, irri- 
gation &c.) in ~FI-egular country. 

Htw, tlre possrssion of a. large scale 
map "lowing n finely detailed model of 

- 

* An Anstrian war-nbip, a Hnn~inn and t,hree German 
b n ~ e  heen, for neveral yeara, equipped in tbie manner. 

One par1 icular case, occurring fre- 
quently, is tlrat of the  study of 
schemes for utilising the power of high 
falls in n~ountains where, usually, the 
details give11 by existing cartes d' E la t  
are too inaccurate to permit of a serious 
preliminary examin:ition of the project, 
nlnlring it a t  once necessary to urrrl(~rtake 
a costly survcg of the ground. Now, by 
reason of the cost and particularly of the 
gwat nmourlt of tirne required for such a 
survey, tlie engineer nearly al\vays con- 
tents I~imself wit11 selecting, on the ground 
itsclf, a trace which appPars to him to be 
tjlie most fn~orable  and has tllis single 
trace mapped hg tlre Rnrvepor. This 
precludes the possibility of discussing a n  
alternative, often perhaps more interesting, 
there being no complete, comprellensive 
map of sufficient accuracy. 

The new metlrod, on the other hand, 
males i t  possible to obtain, much more 
rapidly and a t  less cost, a plan of high 
precision on a medium scale, (1/6,000 to 
1/10,000), embracing al l  the terrain on 
which the possible alternatives can be 
worked out free from preconceived ideas. 



I 1  l l ~ e n  again, consider the value of 
detailed plans on a large scalo (1/1,000 to 
1/2,000) in connection with big works, t,he 
execution of which is so difficult on steeply 
sloping ground, for ex:mple mountain 
railways and more particularly power pipe 
lines which are often bro~lghtdow~r amidst 
impracticable clitTs. Here the prnblem is 
insoluble in so far as it concerns the 
surveyor's work and so it is necessary to 
be content wit11 estirnates of the cost of 
the work, arrived a t  solely " by eye " until 
the "const~mction" workmen, suspended by 
ropes in front of the vertical faces, have 
beerr able to measure by means of line 
and wooden template the 1engtl1.s and 
bends of the pipe. l'hen only can the 
engineer form an idea of \\.hat he has to 
face. 

The nuto-stereo-plotted map will now 
provide him with plans on 1/1,000 or 
1/2,000 representirrg the most rugged cliffs 
with extraordinary nccuracy and detail 
and this, merely by undertaking a few 
hours of easy work on the ground. This 
is one of the cases where the ntbw nlczthod 
can be applird with the greatest ease. 
Tlre great majwity of power contluits are, 
nalu~.ally, to be found in topographical 
eurrountlings suclr tlra t t l ~ e  wl iol~  of' the 
site, as well as all the alternntives, can he 
covered by the single " nornral " photn- 
graph from a base, wlrose sitinq is always 
perfectly easy. 

The mc~tliod is of equal value in tlre 
case of projects for the construction of 
large retailling barrages, across valleys or 
on tlie sills of lakes. IIerc again the 
rapid and cheap production of a really 
accurate plan on a large scale (111,000) is 
of t l ~ e  first importance in framing an 
estimate of masonry and the cost of 
accessory works, if the constructor wishes 

to avoid being confronted by disagreeable 
surprises. 

I n  the easily obtained accurate plans, 
the working of large quarries or mines or 
big embanlcment schemes (canals, tren- 
ches, dykes etc.) will also probably find a 
valnable a11xilial.y in the carrying out of 
t l~eir  big periodical " c:tcrls CEP l ieri.~ ". 

§ 3. The future. 
The short description of this new 

method, so full of promise for the future, 
is finished. Let i t  be said, lio\rever, that 
its final perfect development has not yet 
been reached ; its pract.icability still de- 
pends on the grouncl being suitable, on 
t'he terrain affording certain points from 
which sufficiently extensive views can be 
obtained : it is necessary, in short, that 
there should be stations fro111 whicl~ tlre 
photographic objective can " see " tlre 
ground to be mapped. Now, though 
indeed all tire inconvenient and crampirlg 
conditions which existed in the beginning 
have disappeared, in particular tlre " nor- 
mal case" condition, me still have to 
reckon wit11 tlie fact that the disposition 
of the ground nlay hc unsuitable. This 
is iudeetl generally the case in plains or in 
conntry, gently iindulating and covered 
wit11 forest, as in the Gascony heaths 
where i t  is practically impossible to find 
an open space. 

'l'11e sollltion in this case ~rould  be 
mapping from tbc air, not 1)y nlrans of 
ordinary pliotographs, takcn from aI):rlloon 
eitl~cr frec or cnptivcl, hut by nuto-stereo- 
surveying wliicli we will c:i11 stereo-ae~ial, 
efFecJetl from eithcr a free or captive 
balloon or from a train of kites. 

I n  tllis case, all tlre old-stantling, 
jrlstifiablc objections that have been raised 
against aerial survc*ying, fall to the ground. 
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It has been pointed out that from a bal- 
loon, one cannot appreciate the folds of 
the terrain and that even given nulnerous 
photographs, taken from a balloon, (and 
this entails ex+raordinarily arduous and 
difficult processes) it is possible to deter- 
mine the positions of only a fen7 elevated 

outside tlie limits of this memoir : let us 
remark only that tlic solution of this 
important problem appears less distant and 
fanciful than did that which the auto- 
stereo-plotter has just effected so corn- 
pletely, and ii~arvellously in the case of 
photognlpliic surl-eping. 

points tlle give a better i t  ,i-ould have a t  leaat, as all 

than that forthcoming from the soundings utopiall if not as a lonirtic that the 
of submarine depths. 

r i  lllis is qllite correct ill tile Case of tile 
old photo-surve~ing but it no longer holds 
good mllen 11.e come to consider stereo- 
scopic photographs, for the impression of 
relief is equally good, whatever be the 
" dip " of tile objective towards the 
ground. The examination of Stere0~~0pic 
photograplls-taken from an adequate 
base a t  1,000 or 2,000 metres ahove the 
ground photographed with, if need be, 
the optical axis inclined a t  GO0 or more, is 
sufficient to convir~ce one of this. The 
efect  is as striking as in the case of ordi- 
nary stereoscopic pl~otographs, though, if 
the observer closes one cye so as to see 
only one of the photographs, all sensation 
of relief disappears instantly and the flat- 
tened terrain becomes perfectly unintelli- 
gible. 

The objection to tlie principle of the 
method is then without weiglit and there 
only reinnins t o  be considered the possibi- 
lity of putting i t  into practical shape. 
To dilate on this point would be straying 

less than 15 years ago ~irould hare treated 
the lIold persoil, ,\ho dared to predict that 
a day n.ould shortly arrive ~ r h e n  anyone 
woulcl l ~ e  able to draw, automatically and 
continuoasly, up to a distance of 10 or 15 
kI1,. or illore, all the level contours corn- 
prised in a simple stereoscopic photograph, 
\vithout having eve11 seen the terrain and 
this with unfailing precision and astonish- 
illg rapidity. 

The distance which rernctins to be 
traversed before auto-stereo-surveying is 
entirely freed froin coiiditioiis of ground, 
by the opening up of the pathways of the 
air aiid froin that time, becomes absolutely 
universal in application, indeed appears 
to be not great aiid even now the probleiil 
is being earnestly attacked from diverse 
sides. 

We hope that this iinportant and 
decisive a d ~ a n c e  in photographic survey- 
ing may 1)e finally achieved i11 our o~ \ -n  
co~ultry, the fatherland of its illustrious 
creator, Col. Laussedat. 
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A D D E N D A .  

1. There appeared quite recently in 
the " Co~f i rences  sur les Me'thodes el les 
Proctdt;s de Cartogr.apl~ie eqt usage au 
eeruice Qe'ographique d~ L' A r m t e  (1912- 
13)" published by the Service G e o g ~ a -  
phiqtte, a memoir which may be studied 
with profit, namely the Lecture by 
Comnlandan t Bonnet under the title of 
" PhotogrammCtrie ". This work describes 
very fully not the old Laussedat method, 
but rather that of stereo-photo-surveying 
in respect to both the work on the ground 
and that in the office, with all desirable 
theoretical and practical details. 

I t  is, undoubtedly, by far the best 
work on the method that has appeared in 
the French language. One can even say 
it is the only obe. Unfortunately, as it 
was brought to a conclusion before the 
appearance of the Ore1 auto-stereo-plotter, 
this is not mentioned and the conclusions 

as to t,he necessity for the " normal case " 
and thus of the ~van t  of adaptability of 
the method are no longer correct. 

2. I t  is perhaps of some interest to 
note briefly, how the operator determines, 
on the ground, what the length of his 
base should be, in order to attain the 
degree of precision prescribed for the 
scale of survey. He  makes use, for this 
purpose, of a special abacus with three 
variables, established once for all for the 
focal length of t l ~ e  objective of the ca- 
mera of his photo-theodolite ; these three 
variables are, the length of the base, the 
distance of points from the base and the 
probable error a t  this clistance. 

This abacus gives a t  once, by a simple 
reading, the lengtli of base required to 
determine wit11 a certain degree of preci- 
sion, the distances of the points most 
remote from the station. 
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