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AUTO-STEREO-SURVEYING.

I.—Historical.

Auto-stereo-surveying is the latest de-
velopment of stereo-photo-surveying, itself
the result of the quite recent application
of the principals of stereoscopy to photo-
surveying. In this latter process, as one
knows, the relative positions of objects
are determined and projected on to the
borizontal plane by means of data afforded
by their photographic representation.

Auto-stereo-surveying as applied to
topography, with which only we will
concern ourselves here, is the perfected
form of a method of photo-surveying, the
originator of which was undoubtedly
Colonel Laussedat (1819-1907).

It was actually in 1854 that Colonel
Laussedat foresaw the application to
surveying of pictures in natural perspec-
tive, as given by the camera lucida; and
after 1859, of photography, as soon as
apparatus and processes should begin to
be fairly practicable. Particularly Dbet-
ween 1863 and 1871, when with the
assistance of M M. Javery and Galibardy,
using his methods and his apparatus, he
completed numerous plans of which the
results were absolutely convincing.

But it was not till 1910, that the
French Service Géographique began to
make a practical study of the uses of
photo-surveying, to which it had previ-
ously attached no importance, as we shall
show briefly.

In 1884, twenty years after Laussedat’s
work, we find the following in the “ Course
of Topography at the School of Artillery
and Engineering”, the nursery of our
Survey Officers. (Method of reconnais-

sance survey by Colonel Romieux, in an
appendix to mapping from the perspective
and the study of the Schrader orographe).

“Photography will give equivalent
results only when it becomes possible to
obtain quickly and at the station of
observation itself a print, on which one
can draw, that is to say when we need
ask the Camera to do nothing more than
that of which it is capable, namely to
produce a rapid, exact and intelligible
picture .

In 1899 again, in an official publication
by the Service Géographique de 1" Armde :
The Map of France (1750-1898). His-
torical Study, by General Berthaut, we
find the following expression of opinion.

‘““ We can, then, look on photography as
an aid, servicable only on occasions, and
not as a substitute for the usual methods”
(p. 321).

Now,at this time, the Institute Géogra-
phique Militaire of Austria, after having
devoted the years 1891-1894 to experi-
ments with Laussedat’s method, had, after
1895, definitely adopted it for all favora-
ble regions and had already mapped, by
the method, about 400 square kilometres
on the scale 1/25000, at a mean rate of
120 square kilometres a year, which after
1900, rose to 180 or 200.

In 1911, in the Elementsand Princi-
ples of Topography by Colonel Crouzet,
also published by the Service Géo-
graphique de I' Armée, this is how the
author expresses himself in a chapter of

two pages on the subject of stereo-photo-
surveying.
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“The great difference between photo-
surveying ard stereo.photo-surveying
lies essentially in the fact that in the
latter the Dbases are much shorter than in
the former. In certain cases this is a
great advantage, but it cannot be con-
cealed that it is also a serious defect, in
that it is a wiolation of a principle of
applied geometry, which prescribes the
avoiding of great magnifications or what
comes to the same thiny, inlersections at
too acute angles.

“ One serious drawback is the necessity
of placing the sheets of glass in the same
vertical plane and it is this which limits
the length of the base.

“Qne of the advocates of the use of
photography has rightly drawn a parallel
between stereo-photo-surveying and “the
method of parallaxes with which astrono-
mers are forced to be content*” ; there
could be no more frank admission that it
is a last resource, which may, however,
be found, in exceptional cases, to be of
use” (p. 256).

And further on, in conclusion:

“We have gone into the discussion at
some length, because in  France, the
question of photography has been raised
with an undue amount of noise on the
part of certain of its supporters.

From the depths of their offices some,
“convinced that photography ean be used
in almost all circumstances, where a recon-
naissance or a study of terrain is required”,
have announced that the old processes
‘have served their time and it was only
“persons out of date, sceptics, and parti-
sans more or less disinterested” that
would place obstacles in the way of this
movement. 'These amcenitics, which went

* Laussedat. Recherches sur les instruments, les meth-
odes et lc dessin topographiques, Vol. 11 part 2, page 209.

further in the case of opponents who
were no longer able to retaliate, could
only harm a cause, in support of which
it would seem there were no better
arguments.

“It was fortunate that others, better
advised, more practical and in consequence
having greater authority, set to worl
quietly, in contrast to these fussy
manifestations, and defined exactly the
sphere of efficient application of the new
methods and by so doing have rendered
a very real service*.

“ Wherever the old methods can be put
into practice, the advantage rests with
them and so far, in their own sphere they
have no trival, firom any point of view t,
but it can be seen that there are certain
exceptional cases where one would very
gladly employ photography and this fact
is sufficient justification for keeping in
touch with the practice of this method.”
(p. 259).

We will show that the ‘‘drawback” of
which the author speaks, has been elimi-
nated since 1909 and also that the limita-
tion of the length of base, far from having
been imposed by this supposed drawback,
as he believes, has been the end and object
striven for by the creators of the new
method, Pulfrich and Von Hubl, who to
achieve this end, took advantage cf the
great precision of stercoscopicintersections.

Finally, the author is under the im-
pression that the two stations must be at
the same level which is certainly not the
case.  Moreover, as may he seen, he is
absolutely silent regarding the really
fundamental difference which constitutes
a most important advance upon the old

*H. and J. Vallot: The application of photograpby to
topographical surveying ju high mountains.  Paris, Gaunthier-
Villars. 1907. (note Ly the aathor quoted),

t In italics in the text.
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photo-surveying, that is to say, the eli-
mination of the necessity of identifying
points on the photographic prints.

He would seem to have ignored all the
later publications, very precise on these
points, published by the Institut Gdogra-
phique Militaire of Austria (Nos. 2, 3 and
4 of the brief bibliography given on p. 6).

It may be added that the Orel Auto-
stereo-plotter has been known since 1908,
through the medium of three publications
by its inventor, namely ; in 1908 and 1909,
in the Internationales Archiv fiir Photo-
grammetrie, and in 1910, in Petermani’s
Mitthetlungen.

Finally, in 1912, in another work pub-
lished by the same service under the title
Appreciation of ground forms and the
reading of maps by General Berthaut, a
work extremely interesting other
grounds besides being instructive and
authoritative, we find this guarded state-
ment: “we cannot discuss liere the very
controversial question of the use of pers-
pective drawings and, in particular, of
photographic perspectives in the prepara-
tion of maps”. We may draw attention
to the fact that at that moment, (May
1912), the Institut Géographique Mili-
taire of Austria had mapped about 4,900
square kilometres by means of photo-
surveying. Of this 2370 were done hy
stereo-photo-survey (the rcecent and
materially improved form of photo-sur-
veying) and the Orel auto-stereo-plotter,
and that all these operations by the
Vienna Institut had heen made the sul-
ject of fully detailed reports, as will be
seen by the short bibliography which
follows :—

ITowever in 1911, Colonel Vidal, the
distinguished ITead of the Topographic
Scetion and a confirmed supporter of this

on

method, decided to acquire for the Service
Géographique de 1’ Armée a Pulfrich
¢ stereo-comparator ”’ and from that time,
the new process has been subjected to
continuous tests under the cnergetic im-
pulse of General Bourgeois himself, the
eminent Director of the Service Géog-
raphique and of his Assistant Director,
Colonel Vidal. The results were abso-
lutely convincing and now, the Service
Gdographique has decided to acquire an
Ovel auto-stereo-plotter, an ingenious
apparatus which, as we will see later,
truly opens up limitless vistas to photo-
graphic surveying and gives it, in every
case, the first place amongst the methods
of mapping broken ground in vogue
amongst the great geographical Institu-
tions.

Owing to the prolonged official ostra-
cism, there ave to be found in France few
really important practical works on ploto-
surveying, except those by MM. Joseph
and Henri Vallot, who, as a matter of fact,
undertook, about 1892, tie triangulation
of the Mont Blane massif as a foundation
for their map of this region on the scale
of 1 20000, an important work carried out
afterwards to a great extent by the method
of photo-surveying. This is, at present,
still in progress, but M. II. Vallot has
already published, in 1207, the provisional
and remarkable sheet dealing with the
lower portions of the Chamonix Valley,

We may draw attention also to the fine
map of the glacier regions of the Grandes-
Rousses massif on 1/10,000 (15 to 20
square kilowetres) published in 1908 by
the Ministere de L” Agriculture from com-
pilations by M M. Flusin, Jacob, Lafon
and Offner based on their surveys of 1905
and 1906. llowever, the old method of
Laussedat was used here only for the
mapping of the unapproachable glacier
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portions, the work being based chiefly on
a regular tacheometric survey tied to the
geodetic net-work of M. Helbronner (1300
tacheometric rays as against 200 points
mapped by photography).

In foreign countries, on the other hand,
the use of Laussedat’s method has spread
extremely rapidly, for it has roused keen
interest in official services, particularly in
Germany, Austria, Italy, Canada, East
Indies etec. It would be impossible to
state, even summarily, all the worls, both
theoretical and practial, executed in these
countries; but we will see that it was in
Germany and later in Austria that decided
progress was effected in respect to instru-
ments as well as to the principles them-
selves.

From 1893, Hector De Grousilliers,
an engincer of Chalottenberg, whose
French name we find with gratification at
the starting point of the novel and trium-
phant career upon which the Laussedat
method was ahout to enter, had been
evolving the fertile principle of the
stereoscopic telemetre, which Dbecame
the point of departure of the efforts of
Dr. Pulfrich, Scientific Assistant to Zeiss
at Jena.

He, indeed, first succeeded about 1898
in giving practical shape to the sterco-
telemetre” of Grousilliers and was thus
led to study the use of stereoscopic
negatives for photo-surveying. It was
thus he arrived at the idea and, later,
about 1900, at the practical materiali-
sation of the apparatus for the precise
measurement of such negatives, the
‘“stereo-comparator”, which was to
assure the definite and unopposed tri-
umph of photographic surveying. It
was, thus, mainly, Pulfrich who created
stereo-photo-surveying.

At the same time, after 1891 the Insti-
tut Géographique Militaire of Austria
had taken up the study of Laussedat’s
method of photo-surveying and had very
quickly recognised its value. Thanks to
the keen initiative of the Chief of the
Topographical Section of this Institute,
General, then Colonel, Von Hubl, it defi-
nitely adopted, in 1894, this method of
work amidst high mountains,

Between 1899 and the end of 19014,
it had alrcady mapped Ly this method
1278 square kilometres in the mountain-
ous regions of the Austrian Tyrol.

In 1903, the Institute acquired the
first specimen of the Pulfrich stereo-
comparator and subjected the new
method to an exhaustive study which
gave such convincing results that
General Von Hubl decided to use stereo-
photo-surveying conjointly with the old
photo-surveying. This was done to such
purpose, that between 1905 and 1907,
1270 square kilometre were mapped by
the two methods used simultaneously.
We thus see that to General Von
Hubl is due the great credit of having
brought the new method out of the
realms of theory into those of practice.

Meanwhile, on the appearance of the
stereo-comparator, the Landesaufnahme
of the Great General Staff at Berlin
had organised a stereo-photo-surveying
Section and subsequently carricd out, by
this method, the detailed triangulation of
German South Africa.

Finally, in 1908, an officer of the
Military Geographical institute al Vienna,
Captain, then Lieutenant, E Von Orel
devised and caused to be constructed the
first specimen of a mechanical device for
automatic plotting which, in combination
with the stereo-comparator, constitutes



AUTO-STEREO-SURVEYING. b

the extra-ordinary Orel auto-stereo-

plotter.

The latest pattern of this instrument
makes it possible to construct the map
automatically, no longer point by point,
but by continuous lines, that is to say the
pencil, linked to the binocular microscope,
with which the observer studies the stereo-
scopic negatives, traces on the plan,
automatically and without caleulation,
the horizontal projection of all the lines
of terrain and, what is particularly
marvellous, the successive level contours
of all tracts seen in the two negatives,
with their smallest sinuosities and at the
exact interval desired by the operator and
this up to a distance of 16 kilometres on
the scale of 1/25000 with a precision of
plotting of the order of 1/10 of a
millimetre and a rapidity which varies
from 2 to 5 millimetres per second.

In 1912, Mr. von Orel founded at
Vienna a private Socicty “La Stereo-
graphik ” which has already ecarried out
by means of his apparatus numerous
precise plans, either on a large scale,
particularly on 1/1000 for private schemes
(projects for railways, canals, pipe lines
etc.) or on medium scales, e.a. the map of
the Dachstein massif on 1/25,000 for the
Austrian Alpine Club. Tinally Brazil,
the Argentine Republic and Norway have
Just adopted the Orel auto-stereo-plotter
for the survey of their official maps and
their example is going to be followed by
Russia, Italy and Switzerland.

The object of this paper is to show
how these extra-ordinary rcsults are
obtained, that is to say, to describe the
chief elements of the method of auto-
stereo-surveying, the principles involved
in the instruments used, their manner of
operation and their use and lastly by

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

However, by reason of the limited
space at our disposal, it will not be
possible to go into details: we shall have
to limit ourselves to a very summary
description, referring the reader who may
wish to go more thoroughly into the
matter, to the original works of which a
very complete bibliography for the period
1900 to 1911, will be found in the very
interesting work of Dr. Pulfrich, entitled
Stercoskopisches Sehen and — Messen
(G. Fischer, Jena 1911). It will be seen
that of the 276 publications mentioned
in this bibliography, only 23 are in
French, 11 of which are due to Colonel
Laussedat and into one’s mind will come,
perhaps with some astonishment, the
remark of an author referred to above,
“In France, far too much noise has been
made over the question of photography.”

We may, however, meation the follow-
ing fundamental works from which we
have, morcover, borrowed largely :—

(1) “Recherches sur les instruments,
les methods et le dessin topographiques”
(Vol. II part 2), 1903, published by
Colonel Laussedat, a few years before his
death. It was the first work which
introduced this new method to the French
reader and was very complete for that
day. As we have seen, scarcely anything
has been published in our country since
then.

(2) “Die Stereo-photo-grammetrie "’
by Colonel von Hubl (Mittheilungen des
K. U. K militir  geographischen Insti-
tuftes, Vol. XXII) 1903.

(3) “Die Stereo-photo-grammetrische
Terrain-aufnalime” by the same author
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(same periodical, Vol. XXIII) 1904.

(4) “Beitrage zur Stereo-photo-gram-
metric” by the same author (same perio-
dical Vol. XXIV) 1905.

(5) “Der Stereo-autograph als mittel
zur automatischen Verwertung von Kom-
parator daten” by Lieutenant E. Ritter
von Orel (same periodical Vol. XXX)1911.

(6) *“Uberdie Anwendung des Stereo-
auto-graphischen Verfabrens fir Map-
pierungszwecke” by the same author
(same periodical Vol. XXXI) 1912.

11— Laussedat’s method of photo-plotting.

This consists, first of all, in measuring
either directly or by means of triangula-
tion, a base line disposed approximately
parallel to the expanse of terrain to be
mapped; and then in taking from each
end of this base, and by means of a special
photographic camera, the * photo-theodo-
lite,” negatives of the terrain, the optical
axes of the camera being set, at each
station, in the horizontal and directed
approximately on the central portion of
the country to be mapped.

The plotting of the map involves the
following operations; preparing positive
paper prints from the negatives; marking
on these two prints, lines indicating the
horizoutal and vertical planes passing
through the optical axis; identifying on
both priuts the images of every point tu
be plotted ; tinally, measuring the abscissa
and ordinate, OX aund OY of each of thesc
two images, with reference to the two axes
previously traced.

Fia. 1.

The base S8’ (fig. 2) having then been
plotted to scale on the plan, we draw
from its two extremities or stations, the
rays AS and A’S, in the direction in
which the optical axis of the camera was
set at each station and upon each of these
rays, at a distance OS=0'S’ from each
station, equal to the focal length of the
photo-theodolite, we erect a perpendicular.
Next, by means of the abscissee, OX and
O’X’, previously measured on the prints,
we draw the rays from each station
towards the point identified. Their inter-
section is the horizontal projection P of
the point, whose altitude can then be
calculated very easily by means of the
ordinates OY or O’Y’, measured on the
print, and the focal distance F.

Fig. 2.

We see that the method of photo-sur-
veying resolves itself simply into the classic
process of intersection characteristic of
planetable surveying, with this difference
that bhere we work, mnot with' points
of the real landscape, but with points of
photographic images.

The accuracy of the position of the
point, thus 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 bere, first by the necessity of
having the greatest possible extent of
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country common to the two negatives,
secondly, and more particularly, by the
very rapidly increasing difficulty of iden-
tifying the same points on the two prints
for the reason that the ‘images become
more and more different in appearance and
more and more difficult to recognise the

further apart the two stations of the base |

are situated.

It is thus impossible to work with
long bases ; on the other hand, with short
bases a much greater degree of precision
is requisite in the drawing of the rays in
order to compensate for the smallness of
the angle of intersection; but this also
is not possible, in the majority of cases,
for we cannot identify with sufficient
precision on two photographic prints
taken at two stations, even close together,
not mcrely the same object but the same
point of the object. It is mnecessary,
however, to do so, in order that we may
be able to measure its abscissa to a
hundredth of a milimetre or to a {raction
of a minute, supposing that we are using
perfect negatives and can substitute
for the measurement of the co-ordinates
on the print, angular measures on the
original negatives, and then determine
the points, not by graphic intersection,
but by computation.

We have, thevefore, to be content with
bases of medium length, giving angles of
intersection of about 30°,

As a matter of fact, the difficulty of
idenlifying points is so great that it is
very olten necessary to make use, for the
purposes of checking, of a third image
taken from a third station, giving a third
ray for each point. Lastly, this work can
be undertaken only by an operator who
knows the country under survey perfectly,
that is to say by him who took the photo-
graphs,

It is necessary to add that, in the great
majority of cases, it is absolutely necessary
to work on positive paper prints, so as to
facilitate this work of identification, and
this tends to increase the inaccuracy of the
plotting; it is also nccessary, for the same
reason, to use only negatives excellent in
point of clearness and density, anything
else being generally useless. It is, more-
over, impossible to apply the method to
terrain without well defined features, for
example to prairies, woods, glaciers, snow-
fields, or to country which offers a very
small vertical picture to the spectator, as
their features are projected one behind
another and defy identification from differ-
ent stations,

TFinally, as can be imagined, the dis-
tance of the points to be plotted must not
be great, for it becomes rapidly impossible
to identify them and, invariably their
images become more and more blarred
with distance, increasing the difficulty of
making measurements, the precision of
which should increase with distance since
the angle of intersection is small.

In fact, the mean normal distance is
about 3 kilometres and 6 kilometres is not
exceeded. And so, the mean outturn at
a station is, «at about 2 square
kilometres per station on the scale of
1/25000.

most,

It can be seen, then, that in spite of
its great advantages, especially in high
mountain country, where the old processes
are almost impracticable and give, even
though extra-ordinary exertions be made,
only unsatisfying results, the method of
photo-surveying had rather serious draw-
backs whicl restricted its application, but
all these difficulties have been, as we shall
see, completely removed by the method of
stereo-photo-surveying.
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III.—The principles of stereoscopy.

The slereo-photographic process is
bascd on a faculty of the eye, stercoscopic
vision, the principles of which we will
allude to briefly.

A

y A
o* A

Fig. 3.

Let T and T" (Fig. 3) be two pictures,
in the same vertical plane and parallel to
the horizontal lire OO’ joining the eyes
of the observer. Let OH=O0'I" be the
distance of the cyes from the pictures;
HH' the horizon line, common to the two
pictures. If Aisapointin the landscape
situated in the plane of the horizon, ¢ and
a’ will be the images of this point on the
two pictures and it is easy to calculate the
distance ae’ separating these two images,
by means of the lengths of OO’, OII and
tlie distance AA” of A from the straight
line OO'".

It is easily shown that all points on
the vertical plane parallel to that of the
pictures, (or plan de front) aud passing
through A give, on the pictures, two
images whose distance apart is constant
and exactly equal to aa’.

On the other hand, every point on a
nearer “plan de front” gives images less
widely separated than aa’ and points on a

more distant plan de front, images more
widely separated.

A

x
!
1
I
|
[}
{
]
|
D
1
[}
|
-
]
1
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1
'
e

Fig. 4.

Let now T and T" be the traces of the
planes of the pictures in the horizontal
plane passing through the eyes O and O,
OT and O'T’, the perpendiculars from
O and O’ on these traces, and A the
horizontal projection of a point. Let
also D be the distance of A from 00, e
the distance between the eyes, d the
distance OT=O0'T". Tinally, let ¢ and o’
be the points of intersection of the
straight lines AO and AO’ with the traces
T and T, that is to say the horizontal
projections of the two images of the point,
and a the length ae’, which is sometimes
called “the linear or stereoscopic parallax”
of the point A (but we shall reserve th's
term to the difference Te — T'e’) we
then have

now d is nothing but the distance of dis-
tinct vision, about 0:25 metre. D-d is
then very nearly unity for all objects in
the landscape, so that (e-a) is always very
small and vanishes for very distant objects.

Stereoscopic effect or vision consists
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in the appreciation of the value of this
difference, (¢-a), an appreciation which
manifests itself in the observer having a
sensation of the relative distance of the
objectin question, thatis tosay by thesensa-
tion of ““depth” or“relief”inthelandscape.

The angle OAQ’ is termed the “angular
parallax’’ of the point A. Experience has
shown that, for normal eyes, the distance
at which this sensation of relief vanishes
corresponds to an angular parvallax of
about 30 sexagesimal seconds of are, and
does not therefore exceed, for a mean
separation of the eyes ¢=065 millimetres,
450 metres; certain observers can
appreciate angular parallaxes of less than
ten seconds, that is to say, their perception
of “relief” is still effective at 1200 or
1500 metres.

Bat we sec that the magnitude of a is
proportional to the value of ¢ and, at the
same time, we also see that if the eves of
the observer are provided with magnifying
glasses, the stereoscopic effect is increased
in proportion to the magnification G of
these lenses, since the images on the
retina and the parallactic differences of
direction are magnified in this same ratio.

It is, thus, possible to extend artificially
the limits of the appreciation of relief
and, above all, to make, in respect to
stercoscopic images, measures of angular
parallax mueh smaller than those indica-
ted above.

To increase artificially the separation
of the eves, e, all that is necessary is to
place hefore each eye the well known
systemof twototalrefiecction prisms, as used
in Zeiss stereoscopic hinoculars, and which,
for purpnses of demonstration, may be re-
placed by two mirrors, asshown in Fig. 5.

Pulfrich has called the expression G B
e

the “total relief effect”, G heing the
magnifying power of the objectives O
and O, E their distance apart and e that
of the eyes 0 and o',

Fig. 5.

In 2ll that has lLeen said above, we
have supposed that the actual landscape
was under examination, either by eye or
by a stereoscopic binocular; the same
reasoning is directly applicable to the
examination by the same means, of photo-
graphic images.

But in the latter case, we see at once
that the sensation of relief can be extended
to any distance whatever, since the separa-

| tion of the eyes is now replaced by the

separation of the positions of the lens of
the camera at the time the negatives were
faken, a separation which can be made as
large as we wish.  All that is then required
is to examine the resultant positives with
the binoculav device, well known by the
name of “stereoscopa”, to sce a relief
which bears to that which we would have
got from the same landscape with the

naked eve, the ratio of GE, G being the

magnifying power of the lenses of the
stereoscope, E the separation of the two
objectives of the camera, that is to say the
distance between the two positions of this
camera at the time of taking the

exposures, and e the distance between the
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eyes; in short, for the observer, the relief
which would have been appreciated by a
giant whose eyes were separated by
precisely this distance E and who had,
besides, a magnifying power equal to G.

It can thus be seen that we can
perceive and, if the apparatus be suitable,
measure angular parallaxes of extremely
small magnitude, much less than the
centesimal second. Thus, by photograph-
ing the planet Saturn at an interval of
one day, that is to say from the extremities
of a base whose nett length is 1,730,000
kilometres, a stereoscopic view has been
obtained which clearly shows the Planet
with its satellites suspended in space
in front of the back-ground of the fixed
stars,

It is to be noted in passing that if the
width of the negatives is greater than the
separation of the eyes, that is if their size
exceeds 8/9 it is sufficient to furnish each
eye piece of the stereoscope with a pair of
total reflection prisms, filling the same
role as a pair of parallel mirrors. We can,
then, separate the two negatives as we
please and comsequently use any sizes
whatever.

Having got so far, we will suppose
that the two negatives have been taken
at the extrcmities of a base of length B,
and in such a position that tlie optical
anxes of the camera were horizontal,
parallel to one another and perpendicularto
the base. This, in stereo-photo-surveying,
is termed the * normal case”’.

Let oo’, (fig. 6), be the eye pieces,
00’ the objectives, FF’ the focal poivts
of the stereoscope, TT' the two
transparent positives in position in the
stereoscope.

A :
]
]
|
!
[}
!
|
|
:
T .- N
M
_0_<§_:_>_ ______
JAE L F
I

Fig. 6.

Let us suppose that we have placed
at the points, F and ¥ two reference
marks, one of which, the right hand
mark F is capable of being moved
laterally in the right hand focal plane.
Under these conditions we see that when
the right hand mark is exactly at F the
two marks coincide with the focal images
of a single point of the stereoscopic
landscape, situated at infinity. Thus the
observer sees, not two marks, but only one
which seems to be at infinity,

If now, the right hand mark be moved
laterally, so as to bring it, for example, to
F”, it coincides in this position with the
right band image of a point A,in the
stereoscopic landscape, still lying on the
perpendicular OM, in the left hand
transparency but at the finite distance
AO from the objective O, or what comes
to the same thing, from the base B,

The observer then always sees but a
single mark, hanging in space, but at a
finite and well determined distance.
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Proceeding further, if, without again
touching the right hand mark, we move
as a whole, by means of two rectangular
movements the pair of plates in theirplane,
we find immediately that each time that
the image of a point of the stereoscopic
landscape, situated at exactly this distance
from the base, coincides with the fictitious
image of the mark, the observer has a
very clear sensation of a real material
contact of the ground with the rial mark;
he feels that it touches the ground.

It can now be understood that by
combining this general movement of the
two plates with displacement of the
reference mark I, that is to say by
moving this “imaginary mark” in space,
it can be ‘“guided” to all points of the
landscape at will. Now, if we are able
to calculate the distance from the base
which corresponds to the measurable
displacement of the right hand pointer, it
is evident that the distances from the base

of different points of the stereoscopic land-
scape can be determined without difficulty.

It is this principle of “imaginary
distance-mark”, floating in the stereoscopic
landscape, or the “principle of aerial
scales”, evolved by Grousilliers, which
Pullrich used as his starting point, first for
the construction of the stereoscopic tele-
meter and soon afterwards for that of the
stereo-comparator, briefly described below.

IV.—The Stereo-comparalor.

The apparatus is fitted with a hori-
zontal frame in which the two negatives
can be placed side by side in the same
plane. This frame is provided with
various movements which permit of

1. turningthenegatives CC’ (fig. 7)in
their plane and about their centre (this
movement is used only for adjusting
the plates).

2. displacing both negativeslaterally
and simultaneously to right or left.

72201 [l {00 TV ST ro oo
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The latter movement is produced by
means of the micrometer screw D, its
amount being measured on an appropriate
scale.

In addition, the right hand image can
be moved by ifself to right or to left by
means of a special micrometer screw P,
the amount of movement being read on a
second scale.

Above the frame carrying the nega-
tives, is placed a binocular miscroscope
fitted with the usual arrangement of total
reflection prisms, shown in fig. 7 by the
mircors I, IT, I, IT'.

The cross wires of the miscroscopes
are replaced by the two pointers F and I
described above. In the first pattern
constructed, the arrangement of fig. 7
was adopted, that is to say the right hand
pointer was moveable laterally by means
of a special micrometer screw Y. This
screw, as we shall see, was used only to
determine the distances of objects very
close to a point already fixed.

By means of a micrometer screw, the
whole binocular microscope can be moved
towards or away from the frame carrying
the plates, so as to permit of the focussing
of the stercoscopic image. In addition,
the eye-pieces can be adjusted to suit the
operator and the objectives moved in the
direction of their axes so as to vary the
maguifying power from four to eight.
m™ae operator thus has in the field of
view only a small fraction of the stereos-
copic image, but with a relief which
can be increased a hundredfold.

Lastly instead of raising or lowering
the pair of plates with respect to the
micgoscopes, the latter are moved rela-
tively to the former by means of the
micrometer screw H.

In practice, the movement of the
right hand mark described above is usu-
ally replaced by the moving of the right
hand plate by the screw P,

This movement, it might seem, would
cause the stereoscopic image to appear to
move, the image of the distance mark
remaining stationary in space. But it is
not so, On the contrary, it is the stereos-
copic landscape which appears to the
observer to remain fixed and the image
of the mark to move in distance. We
can then easily touch a given point in the
stereoscopic landscape with the “moveable
mark” Dby operating the screw P in
combination with the two general move-
ments (wheels D and H). Thus in the
latest models, the screw Y is absent ; the
marks consisting simply of crosses whose
four arms carry graduations, by means of
which the height and width of objects
can be measured *.

Now let us turn our attention to a
very important device: a special micro-
meter screw is mounted on the frame
carrying the right hand negative for the
purpose of moving this plate in the
direction of the principal vertical. It is
this movement which makes it possible
to allow for the differcnce of level be-
tween the right hand and lelt hand
stations. .

1f the negatives are placed on the
comparator simply symmetrically with
regard to one another, this difference of
level has the effect of doubling the image
of the imaginary mark and making “point-
ing”” impossible,

Tt requires only a turn of this screw to
cause this duplication of image to disappear
completely.

* In stereo-comparators which form part of an auto-
stereo-plotter this cross iteelf is discarded and the \wo fixed
marke F and F’ are of the type shown in fig. 7
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It can be easily realised that this move-
ment has precisely the effect of bringing
the two images of the same point on 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 shows that the angle of slope
may be as much as 25°

Fig. 8 represents the latest pattern of
Pulfrich stereo-comparator for 6 X 13
plates. The model for 13 X 18 plates
differs from this only in dimensions. The
references below the tig. indicate the prin-
cipal devices to which we have just been
alluding.

We will 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 the principal point of each
image, into the optical axes of the two
microscopes, which involves the use of
several other auxiliary micrometer screws
to which we need make no further re-
ference. It need only be said that these
operations take much longer to desecribe
than to carry out, occupying, as a rule, not
more than 15 or 20 minutes for a pair of
negatives.

The measurements proper are then
carried out as follows :—

We move first the pair of negatives
and the microscope by means of the two
general movements, horizontal and vertical,
using the screw D, or serew of “directions”
and H, the screw of “ heights’ in such a
way as to bring the point of the landscape,
the position of which is to be determined,
under the left hand pointer; then by means
of the screw P, or ““ screw of parallaxes”,

the imaginary “moving pointer” is
brought into stereoscopic coincidence with
this point. 'We can easily see that readings
then made on the scales corresponding to
the screws D and H will give, respectively,
the abseissa 2 and co-ordinate y of the
point with reference to tlie two principal
axes of the left hand negative and that
the reading on the scale corresponding to
the screw P will give the difference be-
tween the abscissee on the two negatives,
that is to say, the stereoscopic parallax.
All the readings are accurate to 0-01 mm,
thanks to both the comstruction of the
apparatus and the magnifying power of
the microscope.*

V.—TheMethodof Stereo-photo-surveying.

Thisprocessconsists, then, of thefollow-
ing operations :—Successively, at the two
extremities of a base, always very short
relatively to the distances of points of the
terrain under survey, we set up a special
pbotographic camera, the stereo-photo-
theodolite, so as to satisfy the conditions
of what we have called the “normal case”,
that is to say, that inthe two positions,
the optical axes are horizontal, parallel
the one to the other and perpendicular to
the base or briefly, the images are in the
same plane. - It can be shown that the
essential condition to be attained is the
rigorous parallelism of the optical axes
and that a small error in the perpendicular-

*There is no limit to the uses to which the sterco-
comparator can be pnt in the measurement of objects,
whntever their form, size or distance, whether they are in
movement or at rest. The manifold applications of this
apparatus are surprising. Besides purely topographical plans,
with which alone we are concerned here, we may mention
hydrographic plans, battlo plans, linear measnrements, the
stndy of sea waves, the study of clouds, the study of the
trajectory of projectiles and their points of impact, the
discovery nnd study of differences, of changes or of errors
of images (researches connected with variable and moving
stars, verification of graduations of precision, the discovery
of forged bank notes 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. Andso we suggest the
name, sterco-photo-theodolite, for appara-
tus satisfying this condition.

The construction of apparatus of this
type is now a matter of routine with the
firm of Zeiss. Later on we will briefly
describe the most recent pattern.

In addition, it is absolutely necessary
to make use of two tripods set up at the
two extremities of the base and on which,
in turn, the photographic camera is placed.

The length of the base is geunerally
mecasured tacheometrically. Its slope is
measured as well as its direction and the
position of one of the two stations is
determined by one or other of the known
methods of traversing, triangulation or
planetabling.

It is necessary for precise plotting
to have in the field of the negatives one
or two “ check ” points, easily recognisable
and appertaining to a triangulation net-
work. In theabsence of such a net-work,
it is, however, sufficient to measure at each
station, by means of the telescope of the
stereo-photo-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 field
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 an hour and a half, at most.

In the office, 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.

We have seensthat the “ sighting *” on
a point by means of the “ moving mark”
gives at once to the lundredth of a
millimetre, the ordinate and the abscissa
of the point, with reference to the
principal axes of the left hand negative
and also its stereoscopic parallax.

Infig. 9, let f be the focal length of the
camera and B the length of the horizontal
projection of the base ; S and §', the projec-
tions of the two stations on the horizontal
plane; TT, the trace, on the horizontal
plane, of the vertical plane of the two
negatives; SM the horizontal projection
of the optical axis of the left hand negative,
cutting TT" in T, and M a point on this axis.

If we draw M &’ cutting TT in T”, we
see at once that T"T"=a is the stereoscopic
parallax of the point M, 1" being the foot of
the perpendicular dropped from 8’ on TT".

e
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If we put S M=A and the angle
SMS’ be called a, it is seen that

A=Bcota and f=a cotfa,
from which A= %B.

It can be shown without difficulty that
all points on the plane MM’ at the distance
A from the base have the same parallax ¢,
that is to say, that if we know the parallax
a of a point in the landscape, the formula
above will give its distance from the base.

The construction of the horizontal
projection of the point on the plan is done
in the following manner:

We plot on the plan (fig. 10), accord-
ing to scale, the projection of the base S8’
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 we lay
out with its proper sign, the abscissa «,
measured on the ahscissee scale of the
stereo-comparator or the scale of directions;
we get thus the point X and draw the line
SX; the lorizontal projection P of the
point will lie somewhere on the line SX.

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

by means of the formula A = B L the
a

distance A = SM of the point P from the
base 88'. The required projection P lies,
then, at the intersection of the line SX
with the line M P parallel to S8’ at the
distance A.

As regards the difference of level % of
the point with reference to the left hand
station 8, it is evident that it can be
derived from the formula,

A _ B

VY

y being the ordinate measured on the scale
of heights.

h=y
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Fig. 10.

‘We see then that, so far as the con-
struction of the plan goes, the method of
stereo-photo-plotting is very similar to the
old method of Laussedat. The former has
one essential advantage however, in that
it is necessary to make only a single point-
ing to get, simultaneously, the three ele-
ments required for the determination of
the point, whilst in the latter, this
determination requires, as we have seen,
at least three independent measurements;
two measurements of abscisse, 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 identifying the images
of the same object on the two negatives,
or the two prints obtained at 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
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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 the sake of a check; the
necessity for negatives of the best quality ;
the impossibility of wusing bases short
enough to prevent the loss, always consid-
erable, of the field of view not common
to the two photographs; the impossibility
of applying the method to very receding
or regular ground without detail; the
impossibility of working at 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 difficulty of identifying the images of
the same point, is entirely absent from the
new method, for indentification no longer
comes into the matter. ‘I'he observer sees
before him the landscape in relief; he
makes the “moving mark” 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 wooded slope, any point
whatever on a uniform surface (grass or
debris slope).

He has no difficulty in selecting, along
the characteristic lines (changes of slope,
water courses, arétes 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.*

* One has no idea of the extent to which the drawing,
even on the most modern maps, of heavily wooded spurs in
high mountains can be incorrect 8 8 result of this, in spite of
all the care of the most conscientious, experienced sarveyors.

This unrestricted choiceof really useful
points necessarily reduces the number of
points of detail that have to be plotted.

In 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
identifying points, we can tackle any kind
of terrain besides high mountains, includ-
ing, contrary to an opinion still very wide
spread, ground not only uniform but very
receding, as we will show by characteristic
examples later on. All that is necessary
is that there should be a few stations from
which sufficiently comprehensive views of
the detailed forms of the ground are
obtainable.

Anotber result of the eliminaticn of
the need of didentification is that the
operator in the office no longer need
know the terrain, especially as it appears
in real relief before his eyes and since his
moving pointer serves him as a thoroughly
intelligent staff man, instantly obedient
and capable of movingin a moment to the
most distant or the most inaccessible
points.

As for the negatives, they are used
directly in the comparator, the transposi-
tion of lights and darks not affecting the
facility of making pointings with the
“moving pointer” and there thus results
a considerable increase of precision.
Moreover, we can make successful use of
negatives which would have been rejected
under the old method, for the reason that
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, it is possible without difficulty
and with sufficient accuracy to plot ground
14 or 16 kilometres from the base.

Finally, the principle itself, of the
presentation in relief of the ground to be
mapped constitutes a substantial and
inestimable advantage of the process.
The 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 extraordi-
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 at all flattened or
crushed as in the photograpls taken for
the old method; this 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 here
from General von Hiibl, to whom stereo-
photo-surveying owes so much,

“The 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 65
millimetres and if the length of the base
is 65 metres, the landscape appears as a

model reduced in the ratio of 1/1000.

A single glance through the apparatus,
even at a bit of country strange to you,
gives you your bearings at once and those
particular points of detail whose positions
should be determined for the represent-
ation of the forms are at once obvious and
unmistakable. The steepness of the slopes,
the changes of slope, tlie depth of each
hollow are easy to see and considerably
more easy to appreciate than iz nafure,
Thanks to these circumtances, the repro-
duction on a horizontal projection, showing
the exact character of all the forms, is
greatly facilitated. We are dealing »no
longer with Nature with its massive,
impressive forms of which our eyes can
take in but the smallest part, and whose
representation on a sheet of paper requires
great practice and experience but with a
model, rich in detail, giving us a compre-
hensive view in which accessory details
are suitably subordinated to the main
forms.*

* It is interesting to drow attention here to the small
number of persons, even among those constantly practising
stereoscopic photography who have any idea of the modelling,
the religf, that in the case of a big landscape, is given by
stereoscopic negatives taken on a sufficient base. The
greater number of them, indeed, take stereoscopic photo-
grapbs of a landscape, only by operating simultaneously the
two shutters of their apparatus, in other words from a base
equal in length to the interval between their objectives; but
pegatives thus obtained give the same degree relief as that
presented by the same Jandscape when observed with the
naked eye, a relief which disappears, as we know, at distances
greater than a few hundred metres. These operators, in
the majority of cases et all events, know nothing of the
beauty of stereoscopic landscapes which, for simplicity’s sake,
we will qualify as * of large interval"”, or at any rate they
imngioe that it is necessary to usc complicated apparatns
and, in all cases, stand cameras.

Now, nothing is more easy than to obtain these effects
with a simple Aand apparatus, provided it is farnished with
8 cop which permits of each objective being nncovered i
succession,

The procedure is otherwise most simple; placing him-
self, squarely facing the landscape, at one extremity of the
bage, chosen 60 a8 to be approzimately parallel to the expanse
of landscape, the operator places the cap on the objective
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“ The advantages we gain by using the
comparator rather than the present method
of determining the positions of points by
rays and intersections are so considerable
that we should not be deterred by any
trouble or expense that the work on the
ground may entail.”*®

It is thanks to the ardent belief which
the author of these prophetic lines placed
in the value of the new method 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 an elasticity which places it
absolutely without rival.

It is of interest to note the difficulties
to which General von Hibl refers and

which were pointed out first by him to
the makers.

It is first necessary that the objective
of the stereo-photo-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 it 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 “depth” of 10 metres at 6 kilometres,
for a base of 200 metres. It is, for this
reason that we cannot use paper prints
which are always distorted.

which corresponds to the other station; then noting the
position in the field of view, of a distant, clearly visible point,
a8 close to the intersection of the cross wires as possible he
takes, in this position, the negative corresponding to the
station. After which, the objective in front of the negative
which has just been taken is covered by means of the cap
and the other station is visited, the shutter being reset.
From this second station, the observer picks up again the
refercnce pnint, placing himeelf so as to bring it approzimate-
ly lnto the same position relative to the cross wires as
before, 80 a8 to get approzimate parallelism of axesat the two
statioons, that is to say, the *normal” case in stereo-photo-
sarveying. The exposure from this point of view is then
made and the operation is completed.

It goes without eaying that one should endeavour to
have the nearest pictare planes suitably distant so that they
shall not differ too greatly in the two negstives, to introdunce
no ohjects in movement and to avoid a base at too great a
slope.

After a little practice, these operations, which appear
complicated, do not take up more than two minutes at each
base,

Bmall stereoscopic npparatus of the size of the Richard
Veraacope (4,5/10.7) is admirably suited to this rough
method,

One can scarcely imagine how extraordinarily interesting
collections of dispositives of this kind can be, even when the
regions are completely nnknown to him who setudies them
under the stereoscope,

The prolonged indifference to stereo-photo-surveying,
exhibited by the majority of technical men, is due, certainly
in part, to their ignorance of the undreamt richness of these
“models” and of the great ease with which they can be
obtained as much as to the fact that, on moet occasions those

few who practised stereoscopy “of large intervel”, worked
on foot and on elevated summits, Now it is practically
impossible to find there bases sufficiently large and suitable
for the "normal case”, which alone is applicable, except with
special apparatus; views obtained thus, from bases of a few
metres, of massife generally several kilometres distant,
present a relief entirely insuficient and almost without
interest, merely suggesting the effect of theatre scenery, of
planes one behind the other. There is no ““modelling” in the
proper sense of the word.

This dcpends mainly on the magnitude of the base;
which may Le varied with advantage from a twentieth to
n thirticth of the distance to which it is desired the sense of
relief shall extend, a distance to be defermined, of course, on
the ground; this length of base can be measured on the
ground, simply by pacing.

It is scarcely necessary to state that this procedore can
be carried ont eqnally well with apparatus having but one
objective, that is Lo say non-stereoscopic; all that is necessary
ia to pack away the expored plates at the one station before
going to the other.

Finally, the process is farther simplified in the cese of
photographs taken on board a ship moving along a coast; for
the bose is provided by the progress of the ship itself and the
paralleliem of axes is got quite simply by adjusting, for each
expoeure, the apparatus in the same position on the deck.
The whole operation 1s thus reduced to loading and exposing
twice,

Astonishing “models” can be obtained thus of a cosst
line, 8 or 10 kilometres distant.

* Colonel Von Hibl:
(Mittheilungen des K,u. K. Militirgeogr.
XXII, p. 18).

Die Btereo-photo-grammetrie
Institutes, Vol,
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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 at the edges, not uncommon
in the case of ordinary plates, this defect
leads to errors of parallax in these parts
of the plate of from 3 to 4 tenths of a
millimetre.

Again, the plates must be as exactly as
possible in the same plane and, in especial,
parallel at the two stations, for an error
of parallelism of only one minute causes
an error of parallax of from 1 to 2 tenths
of a millimetre.

It can be shown, however, that if the
axes, while remaining parallel to one
another, diverge slightly from the perpen-
dicular to the base, this defect leads to far
less serious consequences than the former,
as regards the precision of the measnre-
ment of parallaxes, and that we can
tolerate a common deviation of the two
plates of from six to eight minutes.

Lastly the plates should be as nearly
vertical as possible, an error of one minute
in the position of thehorizon resulting in an
error of parallax of 3/100 of a millimetre.

As regards the measurement of the
base, this should be carried out with high
precision, that is to say to at least 1/1000.
It can be shown, in fact, that 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 perpendicularity
of the two optical axcs to the base, it was
considered, about 1905, to he absolutely
necessary to have on the negatives from
six to {en ‘“‘control” points which would
make it 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 cone
cerned, there were, even in 1905, the
following objections:—

It was practically obligatory to use
nothing 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 énter se, and still more
so, convergent axes. These two cases,
especially the latter, called for extremely
slow, complicated operations, in spite of all
the simplifications introduced especially by
General von Hubl, by the eminent Prof:
Dolezal of Vienna, by Prof: Fuchs of
Presbourg, etc. Somuch so, that, putting
on one side the “normal case”, one could
foresec dimly in the future practically only
the case of two axes, parallel one with the
other, and inclined at 30° to right or left
of the perpendicular to the base, extending
the field of view from 40° to about 100°
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
length, suitable for the ‘ normal” case,
especially on high crests, otherwise par-
ticularly favorable, in that they offer an
extensive view.

And so, in 1904 General von Hiibl
decided provisionally, to use the old photo-
surveying simultaneosly with the new
method.

In the 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 bad been placed“on the plan
a sufficient number of spot heights to
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permit of the curves being interpolated by
the old method.

VI.—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 matier of
routine. "We will 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 tramsport, the
apparatus is made in three separate parts,
the tripod provided with a centring device,
the photographic camera and the theodolite.
The particularly compact construction of
instrument is to be noticed. This, while
giving great stability, facilitates the read-
ing and manipulation of the different
verniers.

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

The frame carrying the object glass is
furnished with an arm inside the camera,
moving with it and terminating in a
horizontal index with a very fine point a.
This point moves along and very close to
the right hand vertical edge of the sensi-
tised plate (fig. 12).

The point of this index is, in conse-
quence, in the same horigontal plane as
the optical axis 0. Itsimage on the plate
thus registers, very 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
marks are formed of small metallic projec-
tions which lie very close to the sensitized
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film and have at their centres a hole which,
being of a diameter scarcely greater than
the thickness of a hair, gives a very precise
black point on the negative.

The marks 1 and 3, define the prlnc1pal
vertical of the negative; the marks 2, 3, 4
are on the same straight line H H'.
parallel to Oa. It follows that if the 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 it is the
perpendicular dropped from 3 on to the
straight line Oa, itself parallel to 2, 3, 4.

The dark slides are devised so that, at
the time of exposure, the sensitised surface
presses directly against the frame at the
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.

On the sides of the frame and inside
the camera are three drums bhaving series
of perforated numerals which print auto-
matically on to the negatives, the serial
number, up to 24, of the base, the disting-
uishing number of each negative at each
station and lastly the focal distance of
the lens.



Fig. 11.—Zeiss Stereo-photo Theodolite, 1913 model, for
plates 13 x 18 c. m.—
Tr, tripod ; C) camera; tr, tribrach ; Vin, micrometer serew
Jor measures of distance; Vp, clamping serew; O, camera
objective; Cp, plate carrier; Ch, hovizontal cirvele; Vv

Pr, slow motion serew and stop controlling rotation of

]

theodolite on the vertical awis; V., p clamping serew on
horizontal cirele; N.N', bubble tubes; L, telescope of
theodolite; Cv, vertical cirvele ; Vyr, slow motion serew of
vertical civele; V,p, clamping screw of vertical cirele; anh,

horizontal microscopes ; muv, vertical microscopes.

Photosengraved & printed at the OMees of the Survey of ndia, Calenttg 921,
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On the top of the camera are placed two
levels at right angles to one another, the
value of their divisions being fifteen
seconds.

The theodolite is mounted at its centre,
on the top of the camera, in such a way
that a specially constructed catck allows
of the diameter, 0°—180°, of the horizontal
circle being set with perfect exactness in
thesamevertical plane with the optical axis
of the camera. A special “‘spur” device of
the horizontal circle enables ihe teluacope
to be placed exactly at right angles to *he
optical axis or to deflect it, equally exnctly,
by 30° to i.ght or left. These three
positions give, at the statZon, a total field
of view of 105°. The readings on the
horizontal circle, which is 120 millimetres
in diameter, are made to about 30 seconds.

A special micrometer screw, placed
borizontally below the camera, provides a
means of measuring the length of the
base. This is done by directing the teles-
cope by means of this screw, successively
to the two extremities of a horizoatal
metal scale, 1 metre in length, placed on
a second tripod at the other extremity of
the base and by reading on the micro-
metre head the number of divisions which
correspond to this movement of the
telescope. One division of the micrometer
equals 1/30,000 of its effective distance
from the vertical axis of the instrument.

A mark of special design, fitted on the
tribrach of the tripod at the second station,
provides a point on which observations
are taken for the purpose of setting the
optical axis of the camera, either 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 at first. The fineness of
the grain of the emulsion is from one to
two thousandths of a millimetre which
certain manufacturers have succeeded in
producing as a stock quality.

This fineness of grain allows of an
eight fold magnification in the stereo-
comparator and of attaining, normally, a
precision of eight or ten seconds in
.easures of direction or slope.

‘We will not refer again to the method
of using the stereo-photo-theodolite in
the field, that is to say to the stereo-photc-
snrvey method already described.

‘We have shown what degree of preci-
sion has been reached in the design of the
stereo-photo-theodolite and how this has
led to a reduction of instrumental errors;
the process, however, which enables us
to set up the 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-theo-
dolite with extreme care and at the outset
before it is taken into use, what are called
its characteristic constants, which we will
envmerate brief’y.

Asregards the camera. Focal distance,
projection on the plate of the nodal point
in front of the objective, distance between
the horizon defined by the inovable roint
a on the negative 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 micrometi. screw, error of
the zero of graduations of the micrometer.

As regards the theodolite. Error of
parallelism of the vertical axis of the
theodolite and the vertical axis of the
camera, error of perpendicularity of the
axis of rotation 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 the tlhieodolite, error of collimation of
the telescope.

A previous, precise knowledge of all
these characteristics 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 which
enables immediate use to be made of all
negatives produced by this particular
apparatus. All that remains now is to
correct for errvors of operation which only
affect, unless they are very gross, the
Iength of the base and, very rarely, the
angle between the optical axis and the
base.

These several points constitute an
important, though on the whole but little
known, advance.

VII—Office work and the Orel
auto-stereo-plotter.

We have seen that office work with the
Pulfrich stereo-comparator had still to
contend with several radical defects. By
its nature, it admitted inevitable causes of
error, the consequences of which were
that from 5 to 10 °/, of the points weie
incorrect. Besides, the map could be
built up only point by point and these
points were determined by means of
calculations and construction which were
gtill of considerable length, in spite of all
the improvements introduced, so that
about five or six minutes were taken up in
calculating and plotting each point.

Another result was that the contours,
the essential elements of slope, could be
got only by the antiquated process of
tnterpolation between spot heights,

Now, though, by reason of the nature
itself of the old methods, it wasimpossible to

define ground forms exactly and*precisely
or to produce anything but interpolated
contours, simply and of necessity approxi-
mate, the veritable model of nature, of
such emphatic relief, conjured up by the
stereo-comparator was a very different
thing, of which a simple examination gave,
even at the first glance, an extremely
precise and complete knowledge of the
most complicated terrain.

After starting with this vision in such
high relief, to finish with a plan so rough
and crude in modelling as that given by
interpolated contours was truly, as Von
Orel remarked, a failure to take full advan-
tage of the method.

Finally, as we lave seen, the stereo-
comparator enabled us to make practical
and easy use only of negatives obtained
in the ‘“normal” case, and this greatly
reduced the applicability and the elasticity
of the method.

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

Without referring to the experimental
work, now obsolete, of Deville, the eminent
Director of the Geographical Service of
Canada, whose *graphic stereoscope”
was really only a demonstration apparatus,
Thompson in England had made experi-
ments in this line. More recently, Dr.
Pulfrich bhad worked on the design of the
« stereo-cartographer” with a view to
attaining automatic construction, point
by point. But these apparatus have been
so greatly surpassed by the Orel “auto-
stereo-plotter”, an earlier creation than
the stereo-cartographer, that we will deal
only with this which is, moreover, the
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only one imr use at the present time.

It was in 1907 that von Orel, then a
Lieutenant at the Institut Géographique
Militaire at Vienna began his investiga-
tions. A first model, constructed by the
firm of Rost in Vienna, was used experi-
mentally in this year for the automatic
mapping of the region of the Ortler from
stereoscopic negatives obtained in the
preceeding year.

The apparatus could still plot aunto-
matically only point by point but it got rid
of all graphical errors. Heights had still
to be calculated and two operations were
necessary. Nevertheless, one point was
determined and plotted in a minute, some
five or six times quicker than with the
stereo-comparator.

This first work, rigorously checked
on the ground during the summer of
1909, exhibited surprising accordance
with all the verificatory measurements.

Efforts were therefore redoubled, and
in 1909, the firm of Zeiss in Jena
delivered to the Institut Géographique
a new model, in which von Orel had
succeeded in effecting the automatic
construction, no longer of isolated points,
but of contour curves with a graphic
precision of two-tenths of a millimetre.
The plan board had also been enlarged
and allowed of the automatic plotting, on
the scale of 1/25,000, of points situated
twelve kilometres from the base.

It was subjected in this year to a
detailed test’ on the musketry ground at
Hajmasker (Ilungary). The ground was
surveyed tacheometrically on a scale of
1/10,000 with a precision absolutely
abnormal to this scale (800 to 1000 points
to the square kilometre) and the contours
were drawn in by interpolation at one
metre vertical interval. Then the stereo-

photo-survey method was applied and the
negatives, thus obtained, were * worked 1
on the auto-stereo-plotter, the antomatic
tracing out of the level contours being
done directly on the tacheometric plan,
mounted on the plan board.

The agreement was extraordinary and
it was even obvious that the “model”
given Dby the auto-plotter was much more
complete and exact than that defined by
the tacheometric contours.

Faced by these results, the Institut
Géographique Militaire definitely adopted
the apparatus and a third model, that of
1911, was built by Zeiss.

The 1909 model was still capable of
plotting, only point by point, negatives
on axes parallel though not perpendicular
to the base and it could not deal with
convergent axes. The 1911 model effects
the automatic construction, not only of
level countours, but of any curved lines
whatever (roads, water courses, boundaries
of forests, limits of rocky ground etc.)
with the axes oriented in any way what-
ever, provided they lie in the horizontal
plane. T'he plan Dhoard has been still
more enlarged.

Three instruments of this pattern are
actually in use. At this moment, Zeiss
is constructing a new series of Orel
auto-stereo-plotters, namely, the 1913
model in which the improvements affect
merely details,

Lastly, a pattern allowing of the use
of axes out of the lhorizontal has been
designed and studied in all its details.

Jt is to stereo-photo-surveying com-
bined with the use of the Orel auto-
stereo-plotter that we apply the term
Auto-stereo-surveying.

1. Description of the .Auto-stereo-
plotter. 'We will describe, but only very
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summarily, the 1911 pattern, and deal
only with principles (fig. 13).

The apparatus consists of a Pulfrich
stereo-comparator for plates 13 x18 fitted
in prolongation and to the left of the long
lower edge of a solid plan board of very
large dimensions. '

It differs from the ordinary ctereo-
comparator, in that the two frames to
carry the negatives are independent, the
one of the other.

The frame of 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 ¢» adjusted
over the print, the object of which is to
draw automatically on this print and in
perspective the contours, traced out at 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, to
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 uo, parallel

and coupled by means of bevel wheels
on a shaft fw.

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 wheel”. 1t can be
seen that by turning this wheel, we control
the movement of the rod EE over
the whole surface of the drawing board.
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'The binocular microscope is carried by
a horizontal rod Az, perpendicular to the
principal horizontal of the negatives, that
is to say to EE".

This rod controls at #, by means of a
pivoted sleeve, the rotation of the arm A1
of the right angled lever AIH. During
this rotation, the pivot 2 slides on the
arm #I. The point I is fixed. The point
H is a joint connecting the lever AIH
to the vol EE' and consists of a double
movement pivot, that is to say it is capa-
ble of movement along LEE" as well as
along HI. The rod #Ax slides in a
plummer block e, carried by the bed plate.

The movement of II along the rod
ER is got by means of an endless screw
Jg mounted on EE" and connected to a
lateral shaft yz by means of a hevel
wheel df, carried by the bar EE. In
addition, the hub of the pinion d of this
bevel gear is able to slide along yz by
means of a feather sliding in a canelure
cut in this shaft. This latter is carried
in two bearings e,, fixed to the bed of the
machine, and terminates in a hand wheel
called the “Leight wheel”.

It can be seen that if we turn this
wheel without touching the distance wheel,
the point II is moved along EE’ which
remains fixed while, at the same time, the
binocular microscope moves parallel to the
plane of the negatives in a direction
perpendicular to the principal horizontal.
If the distance wheel be turned without
touching that of height, it will b eseen
immediately that the microscope will
perform the same movement, but the point
H will remain fixed on the rod LE' during
the movement of the latter.

The frame of the left land negative
carrier is connected by a rod, am,
parallel to EE’, to a lever mM, capable of

turning about the fixed point O. The
connection is effected by means of a slid-
ing pivot such that, during the rotation,
m, fixed on am, moves along OM. The
point M consists of a pivot joint with two
sliding movements, connecting the arm of
the lever OM to thea rod EE’, in such a
way that the pivot M can slide along
either EE" or Mm. It is the point M
which carries the pencil which automat-
ically draws the map.

The turning movement of the lever
OM is produced by rotating a wheel,
termed the “wheel of directions’, fixed to
the frame of theleft hand negative carrier
and having a screw thread bearing in
the thrust block e, carried by the bed
plate of the machine. Itis seen that by
turning this wheel without touching the
other two, the left hand negative is
moved in a direction parallel to EE'.

The lever OM will turn about O and
in this movement, the pencil will trace
out all the points of EE’, which remains
fixed, as do the microscopes.

The resu'ts of turning the other
wheels can be just as easily appreciated
and it will Dbe thus seen thatif all
three be turned simultaneously, the
microscope can be brought over any
point whatever of the left hand negative
and the pencil M to any point whatever
of the drawing board.

Lastly, the frame of the right hand
negative carrier is connected like that
of the left, by a bent rod &cP, which
carries a sliding pivot P, to the lever
PO"p, capable of rotating round the
third fixed pivot O”. This lever is con-
nected to the pencil carrying joint M,
of the rod EE" by a special piece M7 p,
formed of two rods jointed at =. The
rod M~ has only one movement, that
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of sliding along EE’; the rod =p carries
8 pivot p, with two sliding movements,
connecting it to the lever »O” and
capable, in consequence, of sliding along
both »O” and pm. Consequently, if we
turn the direction wheel 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 Mwp will produce a
similar effect on the right hand negative.

Summarising, the 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 at the
point H', the foot of the perpendicular
dropped from I on EE’,

It is on this graduated scale that is
read the differences between the heights
of the points observed and that of the left
hand station.

The distance of the point I from the
rod 2% can be varied at will by means
of a micrometric scale ¢. The rod =p
also carries a micrometer screw which
allows of the length #p being adjusted
exactly. In addition, the angle pzM also
can be altered at will, by means of a mi-
crometric graduated arc a. The part
O”P of the lever PO”p can likewise be
bent at O”, so that PO” makes any angle
whatever with O”p, measured on a micro-
metric graduated arc e

Finally, the three fixed points I, O and
O” are on the same straight line parallel
to EE’, but all can be moved simulta-
peously in a direction perpendicular to EE’,
by any amount whatever with reference
to the straight line e = P, this amount

being measured by means of a micrometric
scale ¢, On the scale px is set off the
length of the base. Thescale ¢’ gives the
distance of the lineIO0O” from theline am P,
equal to f, the focal length of the stereo-
photo-theodolite. By means of the scale
¢ the same value is given to the length I A
and on the graduated scale a is set the value
of the angle Map, the angle between the
optical axis of the left hand negative and
the perpendicular to the base. (In the
“normal case” wp coincides with M#).
The graduations e are used to give to the
angle, supplementary to PO”p, the value
e of the angle between the two optical axes
in the case of convergentaxes. Clamping
screws allow of the ‘“travellers” being
securely fixed in position on these different
scales.

Figure 13, it should be understood, is
purely diagramatic, for instance, the
“height” wheel is in reality duplicated
by a pedal, so that the operator is enabled
to put in movement, absolutely simul-
taneously, the three mechanisms of height,
direction and distance.

Fig. 14 is a view of the 1911 model.

2. The Principle of operation of the
Auto-stereo-plotter. ‘The extraordinarily
simple and ingenious geometrical and
mechanical principles on which the oper-
ation of this marvellous apparatus is
based can be described in a few words.

Let O X and O’ X’ be the horizontal pro-
jections, on the plane of the map (fig. 15),
of the optical axes of the camera in its two
positions at the extremities of the base
00’. We will suppose we have to deal
with the case where the axes are parallel
to one another, but oblique to the base,
a being the angle between the base and
the normal to the two axes.
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Fig.

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

Let M be, on the scale of the plan, the
horizontal projection of a point of the
terrain. 'The points of intersection, m and
m of the straight lines MO and MO,
respectively, with the traces FH and FH'
represent then the projections, on the
principal horizontal of each negative, of
the image of the point M on each nega-
tive, that is to say, Fm and s’ are the
absciss® of these images measured, on this
horizontal, from the centres F and F' of
the negatives (see Figs. 1and 2). Itisseen,
then, that the construction of the point
M could be effected by means of the
abscisse Fm and F'm', as primal data.
But it will be at once realised that the
position of the negatives shown in the

15,

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

Let us draw OO” parallel to FH and
let us take on this straight line a point O”
at an arbitrary distance from O. If we
now move there the point O’, the straight
line O'X’ remaining parallel to itself, we
see that the trace of the right hand
negative F'H' will coincide with the
prolongation of the trace FH of the left
hand negative, in such a way that the
focal point ¥’ coincides with F” and the
optical axis F'X’ with F”"X",

In this position, the two negatives lend
themselves to stereoscopic examination
and, in consequence, to the use of the
stereo-comparator.

Let us take on F’"H and with their
appropriate signs, thelengths F"u and F’m"”
respectively equal to Fz and F'm’ and draw
the straight lines #0”p and pO”m” ; these
are respectively parallel to M m and M =,
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Draw Mn parallel to OO” to its inter-
section 7 with 7 O"u. 'We see that M is
equal to the arbitrary length OO”. From
the point =~ draw = p parallel to the base
00’. It can be shown without difficulty
that 7 p is equal to OO’. In addition, the
angle Mnp is equal to the angle a.

|

One gathers from this, that the ;
determination of the point M, instead of |
resulting from the simple intersection of |
the straight line m O M with the straight
line m'O’M, as in the first pesition of the
negative 1II, is easily obtained in the
position IT' by the intersection of the same
straight line #OM with the side Mn of
the figure Map O"m”, for it is evident
that, for a given position of Om and O"m”
(that is to say for a given point M) there
is only one position of the figure Mp =
defined by the construction given above.

It will then be easy to construct any
other point N corresponding to the images
n, n’,n” by merely causing the figure Mnp

to move, unaltered in shape, parallel to

itself, so as to arrive in the position N#'p’.
If we now compare the preceding
figure to fig. 13, which gives diagram-

‘matically the design of the auto-stereo-

plotter, we see at once that it is just
these mechanical connections and this
method of plotting that are achieved
mechanically by the latter, by means of
levers pivotted about the centres O and
O”. The only difference is that the two
negatives are placed to one side so as to
clear the drawing board and close enough
together to permit of examination under
the binocular microscope.

Their movements, in the scunse of the
principal horizontal, are simply conveyed,
in direction and true magnitude to the
points m and P which correspond to the
points m and m” of fig. 15.

In the general case where the axes are
convergent at an angle ¢, let, in fig. 16,
OX and O'X’ be again the two optical
axes and I and II the traces of the two
negatives.

Fig. 18,
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If we turn the axis O'X’ about the
point O' by an angle equal to ¢ the
negative II arrives at II" parallel to I.
An examination of fig. 16 shows we have
now resolved the problem into that of the
preceding case of parallel axes, subject
only to the condition that we no longer
have to deal with the rectilinear ray MO'»/,
but the bent ray MO’ m”, such that 2”0’
makes with MO’ exactly the angle e.

'Che examination of the diagram of
the auto-stereo-plotter shows, again, that
this condition can le realised by means of
the graduated scale e.

3.  Confour tracing. e have just
studied the operation of the mechanism
in respect to distances and directions. We
still have to examine it in regard to
heights.

We have seen, (fig. 10), that the
difterence between the lieight 7 of a point
on the left hand negative and that of the
left hand station can be obtained by means
of the formula
Ay
I3 = 7
where A is the distance of the point from
the base, f the focallength of the camera
object glass and y, the ordinate of the
image of this point, as measured on the
Ieft hand negative, that is to say, its
distance in inillimetres from the principal
horizontal ¢{ the negative.

It can be easily shown that, in the
case of a basc oblique to parallel optical
axes, the length A, which enters into this
formula, is the distance of the point not
from the base but from the projection of
this base on tue perpendicular to the axes.

It is this formula that is given effect
to, geometrically, by the two similar
triangles 4’4 I and H'H 1, (fig. 13), in
which we have

H'I

ih - BH or again HH’ =Tl_hh"

VI HT

Now we know that A'I is equal to f
and k%’ is equal to the displacement of the
binocular microscope, that is to say,
to exactly the value y of theordinatcof
the point “spotted” by the ‘“movable
mark”. Finally, it is ecasily seen that
H'I is just the distance of the point
M from the projection of the base on the
perpendicular to the optical axes. It
follows that HH' is then equal to 2 and
that we can at once read, on the scale
HH’ and with the point II’ as zero, the
difference of level for each automatically
plotted point M.

If now, we fix by means of a clamp
the slide H at any point whatever of the
scale HH' and we then turn the wheels
of “distance” and “dirvection”, the bent
lever 4 TH, conirolled by the rod EE’, will
slide in the pivoted sleeve H without the
length, to which HI' is set, altering; but,
as we have seen, its short arm I2, in its
turn and by means of the sliding sleeve /,
will move the whole binocular microscope.
1t is evident then, that under these condi-
tions ‘the imaginary “movable mark”
cannot move cxcept in a horizontal plane,
since the difference of level HH' will
remain constant. Consequently all the
points of the terrain which the operator
“touches’ with this “mark” will be points
on the level contour corresponding to this
difference of level HII" and as we can
keep this “movable mark” uninterruptedly
in contact with the ground, the pencil
will thus trace out on the drawing board
the corresponding level contour, not by
interpolation, nor even by widely spaced
points, as in the least imperfect of the old
methods that were applicable to only very
largo scales, but in an absolutely continu-
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ous manner, recording

the slightest | the Service Géographique de 1’ Armée

sinuosities, and this without the least |in the survey of the Alps, which s to serve
difficulty, since all that is necessary is that | as a basis for our new map on 1/50,000.

Tig.

the operator should keep turning the
“direction” and “distance” wheels while
maintaining the contact of the “movable
mark” with tbe ground. The out-turn
of line traced in this way will be from 2
to 5 millimetres a second, according to the
distance, the scale, the nature of the
terrain and the quality of the negatives.

VIII—The resulls aclually attain-
ed and the future of auto-stereo-plotting.

§ 1. The advantages.

In the following lines will be shown
that wherever it is applicable auto-stereo-
plotting is overwhelmingly superior to the
older methods.

1. Rapidity. Firstly, the rapidity
of both field work and office work greatly
exceeds that of any of the old methods,
scale for scale.

Thus, on the scale of 1/20,000, a
skilled surveyor will turn out, per month,
scarcely 10 square kilometres of regular
plane-table survey in mountains, that is
to say 03 kilometre per working day.
This is the normal figure for surveyors of

On the other hand, the Austrian Insti-
tut Géographique Militaire turned out
normally, in its surveys of the Tyrol on
1/25,000, 2 square kilometres per day per
operator (150 square lkilometres, on an
average, for six weeks field work, two
sections being employed)when using Lauss-
edat’s method of photo-plotting; about
1,418square kilometres have been surveyed
by this method from 1,167 stations.

After 1909, as we have seen, this
method was entirely abandoned, giving
place to that of auto-stereo-plotting.
From that time, the normal out-turn has
been 800 square kilometres during each
annual field season of six to eight weeks,
only a single section being employed, that
is, about 10 square kilometres per‘day per
operator. By tlie end of 1912, 2,880
square kilometres were mapped in this
way from 334 stations.

The difference between the two last
methods is shown by the marked difference
of out-turn in ground mapped per station
(1'2 km? approximately in the first case
and about 8'6 km? in the second).
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In1913,inthe twenty days between 10th
July and 1st August, the Austrian detach-
ment mapped 390 square kilometres from
26 stations, or about 10 km? per station.

The map of the Dachstein massif on
the scale of 1/20,000, produced by the
Viennese company, the  Stereographik ”,
founded by M. von Orel, covers 3(2
square kilometres. The undertaking in-
volved 85 hases and oceupied 30 working
days in 1912, about 12 squarve kilometres
per day and 10'3 sguare kilometres per
hase,  The terrain was, moreover, some-
what unfavorable owing to the number
of high plateaux with few culminating
points, a formation which necessitated
movre than the normal number of stations.

On the scale of 1/1,000, the rapidity
of auto-stereo-surveys, as calculated from
numerous technical plans executed by the
“ Stereographik ”, is, in the case of the
most difficult terrain, from 50 to 69 hect-
ares per working day per detachment.
Now it iy only on easy, very gently sloping
terrain that a third (10 to 20 hectares) of
this out-turn can be attained with difficulty,
with the tacheometer, and that with a
much lower degree of precision; in very
broken country the out-turn and the
accuracy [all very rapidly.

As regards the cartographic work, no
comparison is possible, since the old
methods were unable to produce anything
similar to the plans given by the auto-
stereo-plotter with their continuous curves.
We can only say that, in a year, a single
apparatus can map at least 3,000 square
kilometres on a scale of 1/20,000, except-
ing, be it understood, the “Dblanks”
corresponding to {racts or to small details
invisible from the stations and which have
o be completed on the ground during a
following field season and generally hy
old methods, their extent being always

very small if the bases have been judi-
ciously selected. Itisin this second season
also that the ‘“nomenclature” has to be
collected.

One can easily imagine, thus, what
economies the new method enables us to
effect in the execution of maps in general
and, in particular, of Cartes d’Elat, eco-
nomies in expenditure, in personnel and
especially in time.

2. Acenuracy. 'I'he accuracy of plans
obtained by the new process has, for long,
been looked on with suspicion by poorly
informed scientists although a guarantee
of its precision was afforded by the mere
fact of its adoption, to the exclusion of
all others, by the Austrian Institut Géo-
graphique Militaire, after 1908, for terrain
at all favorable and this after sixteen
vears of experiment and continuous work
on a very large scale (2,870 square kilo-
metres of mapping).

Nevertheless, several proofs may be
adduced here.

Let us call to mind, first, that in 1911
the Service Géographique de 1’ Armée’
began to experiment in the Oisans massif
with the method of stereo-photo-survey-
ing and later to plot the map on a scale
of 1/20,000 by means of the Pulfrich
stereo-comparator. Now with a view to
furnish & check, twenty-three points
appearing clearly in the photographs were,
in the course of the work on the ground,
fixed by theodolite ohservations [rom the
principal stations. The positions of these
points were then computed trigonometri-
cally.

Now, the official report on the results
of this check is couched in the following
terms :—* The comparison of the positions
and altitudes of the check points as given
by the photo-survey, with those derived
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from the trigonometrical computation,
gives a measure of the precision of the
operations. The differences are inappre-
ciable in regard to position and do not
amount to 2 metresin respect to altilude.”*

Further corroborative proofs, in 1912
and in 1913, led to the decision to acquire
an Orel auto-stereo-plotter, as has already
been said.

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

(i) by means of the method of

auto-stereo-plotting (curves in
continuous lines).

(ii) Dy means of the tacheometer
(curves in dotted lines and
isolated points).

The tacheometer plan which was to
serve as the means of appraising the new
method was naturally executed with
extreme, and exceptional, care, 515 points
being fixed per hectare.

It was thus possible to define the
ground by contours at 1 metre interval
with particular accuracy. We can say
that these curves represent the maximum
accuracy, compatible with the scale,
attainable by the tacheometric method.

The drawing by the auto-plotter was
effected on the same sheet of paper as the
tacheometric plan. Now to begin with,
the auto-plotter gave accordant values
of height in the case of all the tacheo-
metric points, except sixteen, which are
indicated on the plan by a special symbol,
and these sixteen points were found, after
verification, to be burdened with errors
in the tacheometric calculation.

In the second place, it is seen that
the interpolated tacheometric contours are
not quite exact and differ appreciably from

* Papers of the Service Géographique de I Armée
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 the auto-stereo-plotter, the superior
accuracy of which is clearly shown here,

Tinally, it will Dhe noticed by examin-
ing figz. 17, a print from the negative at
the left hand station of the base, how very
favorable is this terrain, regular and
without “accident *, to a precise and easy
tacheometric survey and it will also be
seen at once that Laussedat’s old method
would have been ineffective. The nega-
tive shows nothing on this hit of ground,
uniformly sloping and absolutely without
appreciable detail, which would lend itself
to any graphical construction. This is a
pertinent answer to such scientists as still
believe that the new method, like the old,
is applicable only to terrain of amphithea-
tre type and it is, at the same time, proof
that the old method of photo-surveying
has no longer reason to exist and should
disappear.

Plate IT reproduczs, hut on the scale
of 1/2,000, that is to say, on half reduc-
tion, the plan, on 1/1,000, of the lake of
Pormenaz in the neighhourhood of the
col ’ Anterne (Haute-Savoie) which way
executed by the “Stereographik” at onr
request last August, to serve as the sub-
ject of special technical study. The work
occupied half a day on the ground and
at the auto-stereo-plotter, twenty-three
hours. At our request, the curves were
drawn, only up to the 20-metre level
ahove the lake and there was no plane-
tabling. The directions and lengths of the
three necessary bases are shown and also
the field of view of the three negatives
taken at the left hand station of each hase.



PLATE I1.

Map of the Lake of Pormenaz produced by the auto-stereo-plotter. (Contour interval 1 metre)
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Now, during the work with the auto-
stereo-plotter it was possible to show that
the “ imaginary mark ”, having been once
adjusted Dby the operator to remain in a
plane which, if the apparatus were accu-
rate, ought to be horizontal and to corres-
pond to the surface of the lake, could
then be made by the operator to follow
with precision the smallest sinuosities of
the edge of the lake and the central islet
(fig. 1, plate V1). This is a striking proof
of the precision of the instrument, for
here we are dealing with a continuous
level contour traced on the ground Dby
Nature herself.

Again, one more fact may be alluded
to; this is that different traces of the
same contour, made by ditferent operators,
in succession at the stereo-plotter, coin-
cide with one another so closely that the
trace simply thickens up.

Tt is seen, then, that, scale for scale,
the accuracy of the process is at least
equal to that of the most perfect of the
old methods and, what is still more aston-
ishing, that it depends only in a small
degree on the ficld work, that the accu-
racy is, in a way, constant, and the maxi-
mum compatible with the scale of the
plan given by the anto-stereo-plotter.

3. Richness of modelling. We may
lay stress on another important advantage
possessed by plans produced by the auto-
stereo-plotter, and that is the richness and
infinite delicacy of the model of the
terrain  which is afforded by the contin-
wous curves. IFrom this point of view,
no other method is capable of giving
anything at all approaching it, We can
say that models of terrain of such truth
have never been even thought possible.
The old fashioned eontour, for the most
part interpolated or, in exceptional cases

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. What
can be said of contours, interpolated in the
office, from several heights scattered, the
least unfavorably possible, over the paper,
and themselves derived from uncheckable
figures taken from the observers’ field
bhooks. This, however, is the case with
most plans of so called precision, executed
by the tacheometer aud as we have seen
above, even in a plan of extreme pre-
cision, there are still exrors which escape
detection.

The appearance of a map with auto-
stereo-plotted contours is such a novelty
to the eye of the specialist by reason of
the undreamt of richness of modelling,
that some of them have complained that
this richness itself would militate against
the appreciation of the general form of
the terrain. For our own part, we have
never felt this, very much the reverse.
However, as von Orel has remarked,
nothing is more easy than, in the final
execution of the map, to omit the small
sinuosities of nature which might be con-
sidered as disturbing in this respect. But
the essential difference from other me-
thods which give contours, no point of
which is exact, except very occasionally,
is that in this case by far the greatest
part of the final contour is absolutely
accurate and besides there always remains,
and this is important,—the original curve
of the auto-stereo-plotter as a basis for
simplification in the drawing of the final
contours.

In present practice, there is nothing to
equal it : everything depends on the work
ol the surveyor on the ground (I do not
speak of tacheometric plans, generally very
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inferior in the 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 ”
attainments.

Now, we can say that it is only during
the last few years (less than 15) that
this new science, “topology ™, has heen
diffused amongst the Dest surveyors,
sufliciently to ensure that maps of irregu-
lar ground, executed with the planetable,
on 120,000 and generally serving as
foundation for the compilation of the carfes
d’EBtat are not veritable caricatures of
the terrain.

The existing maps of a large country
have to satisfy wants ever more and more
varied and consequently are always hav-
ing to meet increasing demands. In
particular, the researches into physical
geography or geology require on the part
of the modern surveyor a thorough, com-
prehensive knowledge of the principles
of these sciences if he wishes to produce
a map which will provide a sound datum,
a thing indispensable to such research and
vet, at the same time, what difficulties
does the ground not present in the way of
producing such a map.

As was said in 18685 by Colonel Goulier,
undisputed master of the old French
topographical  survey, “The swurveyor
covers the ground, pace by pace, like the
gnat which circles round the model of the
sculptor. Ile sees the surface only ele-
ment by element and when sometimes, he
does succeed in getting, for a somewhat
limited area, a general view, the surface
ix often unfavorably illuminated and often
the observer is so distant that his binocular
vision is unable to reteal to him with
accuracy, the slopes that he has to repre-
sent,”’

In the new method, on the contrary,
the operator on the ground has no need
of these generally somewhat rare quali-
fications; he is not even, properly speaking,
a surveyor; he need only be careful,
conscientious and accustomed to use
instruments of precision and photography.
The only experience he must have, and
this he acquires very quickly, is that he
must he able to place his bases in the most
favorable positions so as to include in his
negatives as much as possible of the
terrain, and this consists, on most occasions,
in getting on high as possible. He need
not study the terrain, he has nothing to
interpret, to undevstand, even to draw,
and in the office again, there need he no
surveyor at the sterco-comparator, merely
an operator possessing normal eyes, as
regards stereoscopic vision, and hands
accustomed to manipulate instrumeuts of
precision.

The result, almost instantaneous, of
the purely mechanical operations is a map
with contours of marvellous richness of
modelling and which is so much the more
faithful to nature, that nothing is easier
than to trace, in much broken up ground,
all the intermediate contours that one may
require for the more complete analysis of
accidents of terrain which may have escap-
ed representation by falling between two
contours at the normal interval of the
map, infermediate contours which are
every hit as trne as the others.

Here we have, ax von Orel has said,
the suppression ol all personality in the
jnnumerable details that ¢o to make up
the map of a lavge region instead of the
present accumulation of vevitable person-
al manuscripts, the value of each of
which depends on the ability of its author.
It is this that explains the variations in
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the quality of the modelling one sees so
frequently in large maps not only as
between sheet and sheet hut in one and
the same sheet.

There is, finally, the complete and
extraordinary reversal of even 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 from the start and before cvery
thing else, with the contours which tfor-
merly were for him the crowning of his
work.

Let us turn to the work of “ generali-
sation > which has to be taken up subse-
quently for the preparation of the properly
called cartes & Etat, usually on a smaller
scale than that of the component originals,

('T'hus for the new map of France, on
1;50,000, the sections were surveved on
1/20,000 and for certain areas even on
1/10,000). .

Here, only, will it always he necessary,
whatever the method, to employ a first
class topographer, since it is a matter ol
simplilying, of and  this
mostly, by the deletion of contours to
allow space {or the outline detail and the
lettering, the relative importance of which
increases as the scale decreases. Such
work calls for consummate experience, as
here it is necessary to know how to bring
out and give emphasis to the characteris-
tic features of a country, of which in all
its details it is generally impossible for
the operator to have first knowledge ; the
detail sections form his sole source of
information and he is obliged to draw
inspiration from his experience and topo-
logical knowledge, and so, very often, as
General Berthaut said, “One feels the
necessity of going to the ground itself to

generalising

see how it is made”. One has, neverthe-
less, to he content to accept a conjectural
position for a line for the simple reason
that it appears to be the most probable.

With the new method, the matter is
simple; all that the topographer in his
office, need do is to turn to the mirror
stereoscope carrying the pair of trans-
parencies which represent the region to be
generalised ; to find there, immediately
before his eyes, the ground itself, not
merely a little corner of it, but the whole
expanse for some 15 or 20 sq. km, in
marked relief, giving a clear and imme-
diate revelation of the modelling of the
large forms.

How vastly superior are we to the
miscrable gnat described Dby Colonel
Goulier!

The task ol the “generaliser” will he still
more simplified it the field operators, the
photographers in fact, are provided with a
small pattern (4,5/10,7) of hand stereo-
scopic apparatus and will take the trouble
to eollect,in the course of marches executed
tor their regular operations, small stereo-
scopic negatives with “hig separation ”,
after the simple and rapid manner indicated
in the footnote on pages 17 and 18 every
time they reach a point offering good com-
prehensive views of the region to he
mapped.

- By so doing there is gained a very
great advantage, easily appreciated by
specialists,

The examples which lollow will enalle
the reader to appreciate this superiority of
modelling of auto-stereo-plotted maps.
Plate TLL is taken from the map of France,
(carte de ¥ Elat-Major) on  1/50,000
(Anneey sheet, N.E.). The continuous
blue line shows the limits of a map on
1/20,000, executed and mapped for us,
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during last August by the “Stereographik”,
the mapping being based on the very
accurate triangulation carried out Dby
MM. Vallot, who very kindly placed it at
our disposal. 'The area is about 140 sq.
km. The Dbroken Dblue line shows the
whole ground covered by the negatives,
that is to say, the area really “surveyed”
and which could, as easily, have Deen
mapped. It amounts to 237 sq.km. The
arrows show the directions of the axis of
the left hand negative normal to the differ-
ent bases. The finished map of the
limited area was delivered to us at the end
of January 1914, but it is of too large
dimensions to be shown here.

It only remains to be said that a large
part of this map on 1/20,000 falls in the
territory of the Canton of Saint-Gervais
(Haute-Savoie) where, fifteen years ago
the cadastral survey was revised with a
very great deal of care. 'The Directorate
of the Cadastral Survey of the depart-
ment of Haute-Savoie was kind enough
to provide us with a very accurate copy
of the “mosaic”, on the scale of 1/20,000,
of this Cadastral Survey, showing thereon,
its own trigonometrical points as well as
those of the triangulation of MM. Vallot.
1t was thus easy exactly to superpose this
copy of the mosaic on the original contour-
ed plan given by the auto plotter. The
accordance was ahsolutely astonishing, for
all the smallest rivulets of the copy
were found to fit into the channels of the
contoured plan.

It was another remarkable proof of
the accuracy of the new method.

Plate IV is a reproduction of part of
the complete contoured map drawn by the
Orel auto-plotter from another survey,
carried out by the ‘ Stereographik”, on
its own account, of the opposite flank of

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

The five control points are derived
from the triangulation carried out and
very kindly placed at our disposal by MM.
Vallot. At one operation and by means
of the auto-stereo-plotter, the three nega-
tives were thus productive, of a contoured
map of 30 sq. km. of regions to a great
extent absolutely inaccessible (see the red
line in plate ITT).

Our thanks are due to M. von Orel for
permission to reproduce this still unpub-
lished work, of special interest as it
includes all the ground it was possible to
discern on the negatives and to draw
with the auto-plotter.

Fig. 2 of Plate VI. shows the general
panorama seen from the left hand station
of the single base, at which the work on
the ground occupied about 1% hours. We
would draw attention to the importance
of wooded surfaces where, as we know,
the identification of points was almost
impossible with the old Laussedat method.

Let us point out, to begin with, the
representation of the ‘“wall” of vertical
afétes which bounds the plan on theS. L., —
a wall where the tracing of contours at
20 metres interval had not to he interrupt-
ed, a fact which gives the plan the value of
a scientific document, instead of the purely
convential diagram, more or less artistic,
with which we have always had to be
content in such cases, up to the present
time.

One will also notice the unusual com-
pleteness of modelling of the glacier
surfaces, showing clearly and accurately
the lurge crevices, the very interesting
detail of the small scarped ravines, the
heds of old sub-glacier torrents, and of
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PLATE IV.

Extract from an auto-stereo map of the slopes
of the left flank of the valley of the Arve to the
S. E. of Chamonix.
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the highly complex form of the summit
of the great wooded buttress separating the
glacier of Bossons from that of Taconnaz.

It is very interesting to compare this
plan, contoured by the auto-plotter, with
the beautiful provisional map of the same
region, already referred to and on the
same scale, published by M. H. Vallot.
This comparison shows at once the extra-
ordinary accuracy of the plan, for the two
systems of contours, as a whole, coincide
almost everywhere as well as at the moraine
crests ; as for the streams of the map, they
fall exactly in the channels of the plan.
But the contours of the plan are infinitely
richer in detail and in the wooded,* inacces-
sible regious, where the old photo-plotting
was able to give only a roughly approxi-
mate diagram, the differences are very
considerable (see in particular, the buttress
between the Bossons and Taconnaz glaciers,
as well as the steep slopes to the S.E. of
Pierre-Pointue). The superiority of the
new method is clearly evident.

Lastly, Plate V. is part of a technical
plan, on 1/1,000, of a rocky, very much
scarped bit of ground in the environs of
Fiume (Croatia) of which the accom-
panying photograph gives an exact idea.

* Antouching the applicability of the method to wood-
ed regions, n study of the panorama from which this plan
was constructed is not without inlerest, for it shows clearly
that, on meuiom ecales, the existence of forests of tall
pines presents no difficuity to the construction of the con-
tonrs, ‘Thisis easily compreheusible; on the one hand, the
modelling of the upper surface of the forest ia, in facl, on
such rcnles. very perceptibly the same as that of the ground
below; on the other hand. it is almost always possible to see,
and to make a pointing on, the ground itself in several parts
of the forest, so that coutrol heights are obtainable.

As regards plans on Jarge scales, the parts of the forest
where the ground is clear.y visible and determinable are,
natarnlly, more namerous and important by reason of the
short distances (100 to 700 wetres) at which the negatives
aro taken. In fact, cxperience has shown that on plans at
1/1000 or 1/2000 the conlours are indefinite only over very
short stretches; here they are drawn through plotted points
just as in the case of tracts which are not as completely
visible an might be desired (sce plates Ii, [V and V)

It can justifiably be said that mno
known method would have becn able to
produce for such terrain, and on such a
scale, anything but a rough and formless
representation, so that the “model” pro-
duced without the slightest difficnlty by
the auto-stereo-plotter, contoured at one
metre interval, is truly astounding and
constitutes a highly precise scientific
document of a type absolutely unknown
up to the present.

In short, in point of view of richness
and accuracy of the details of modelling
of the terrain and also of the incomparable
facilities which it secures for the npeces-
sary generalisation of the model for the
preparation of the map proper on a smaller
scale, the new method presents an indis-
putable superiority over all the old
processes.

Let us draw attention to still one
more advantage, and that is the limitless
possibility of checking an auto-stereo-
plotted map. It is only necessary to
“re-work ” the negatives to assure one-
self of the accuracy of (he earlier work.

Finally, in the majority of cases it is
perfectly easy to derive from the nega-
tives, by “re-working” them with the
auto-stereo-plotter, a plan on a larger
scale, and this is a valuable advantage, for
one can thus obtain of any particularly
interesting region a more detailed map,
with contours at closer interval. At pre-
sent, there is nothing to be done in such
cases, but content oneself by enlarging
the first map with all its errors and in the
enlargement nothing more will be found
than was in the original. The only other
alternative is to “re-do” at great cost, all
the work on the ground.

What it amounts to, is that the new
method enables one to preserve, so to
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speak in the office, the terrain itself ins-
tead of storing in the archives as at
present, only the sections, per-force
incomplete, afforded by the planetable or

the bulky and uncheckable tacheometer
field books.

§ 2. The uses to which the method
may be put.

The advantages of the new method
from all points of view, rapidity, economy,
precision, richness of modelling, absence
of personal equation, the ever-present
possibility of checking, are so great that
one is justified in considering its advent
not as simply a step in advance but as a
veritable revolution in topography and
cartography, and the uses to which auto-
stereo-plotted plans may be put are bound,
in a short time, to become both important
and varied.

In the matter of cartes d’ Etat, we have
the possibility of obtaining much more
rapidly and economically, general maps of
a quality and uniformity of style far
superior to those in present use. This
consideration is especially important in
the case of newly opened-up countries, the
colonies in particular, where the execution
of precise work un the ground is usually
slow, very costly and very arduous.

Concerning official plans on large
scales, it would seem that cad«stral plans
on 1,1,000 or 1/2,000 might, in the majo-
rity of cases, be produced by this method,
especially in broken country. We need
not dilate on the special interest which
plans of parcelsof land, with accurate con-
tours at intervals of from 1 to b metres,
would have for the general public. These
would open up to administrative bodies,
possibilities, not existing at present, but
which will certainly be considerable in the
future.

From the point of view of science, a
new field is opened up to investigations
into physical geograply and geology. Tt
is undoubted that specialists find most
profitable the careful study of these new
maps, so extraordinarily rich in modelling
and at the same time so scrupulously exact.
‘We may mention, in particular, the study
of erosion phenomena in their very varied
manifestations, or of those relative to
vulcanism, to glaciology, concerning which
many problems are still keenly disputed®,
hydrology and even botanic geography.

As for the geologist, what satisfaction
must it not be to him, to have at his dis-
posal for the showing of the outlines of
geological formations, in brief, for the
preparation of geological maps, topogra-
phical maps where the modelling, the
shape of the ground is no longer, as is so
often the case, so untrue and inaccurate,
or so badly represented that he is forced
to resort to systematic “fudeing” of his
proper outlines in order to avoid inserting
apparent improbabilities on the map or
even to omit altogether certain important
phenomena, because they will not fit the
incorrect topography.

Scientific Expeditions, well equipped,—
will also find a valuable auxiliary in the
pew method of rapidly producing maps
of the country traversed, maps far supe-
rior to any thing that it has heen possible
to achieve up to the present, seeing that

* In  this connection. the comparison of the con-
tonred map of plate IV with the provicional map of M. W
Vallot, alrendv referred to, is most inatrnctive. Tt gives
evidence very clearly of tha general and very pronouanced
retreat of the fonr glaciera which appear on this terrain
(Bossons, Pélering, Blaitidre and Nantillons) a retreat
effected in the conree of the short period elapsed between
the dates of execaution of the fwo maps (1896 and 1913).
The shrinking has taken place in length as well an in width.
We see, accordingly, how mnch mare easily periodien] large-
scale plans, execnted so easily by this method. wounid ennble
variations of glacier masses to bhe studied, than the slow,
complicated processes in nse at present.



Part of an auto-stereo map of environs of FIUME (Croatia) Scale . Contours at | metre interval.
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a range of 10 to 20 km. can be covered
from selected bases.

Also, and for the same reasons, maps
of little known coasts are most easily
made from the bridge of a vessel, equipped

with stereo-photo-theodolites fixed at its,

two ends and fitted with shutters operated
simultaneously by electricity. *

In connection with military science,
one interesting use to which these new
maps could certainly be put is as plans for
the “war game”. These at present are only
enlargements to /10,000 and even 1/5,000
of the 1/20,000 detail of cartes d’ Etat and
one can obviously find on them only such
modelling, as there was on the original.
Now, on 1/20,000, a ravine 20 metres
wide, corresponding to only one millimetre
on the map, can not be represented; it is
however, tactically, a serious obstacle,
In fact, much information in the shape of
cover orof obstacles of small and medium
size is entirely absent from these maps,
where, however it would be of great im-
portance. The possibility of deriving,
from stereographic photographs, plans on
a larger scale, more detailed as regards
modelling, enables the student to provide
himself with maps far more instructive
than the coarse enlargements in present
use.

In particular “ Plans directeurs” of
the swrroundings of fortified places,
executed by the auto-stereo-plotter will
possess, for the same reason, enormous
advantages over the present type of map
in which, in most cases, the rendering of
the shape of the ground is very unsatis-
factory and too much generalised for the
requirements of defence.

Here, the possession of a large scale
map showing a finely detailed model of

* An Austrian war-ship, a Russinn and three German
bave been, for several years, equipped in this manner.

the possible zones of attack, will confer a
considerable advantage on the artillery of
the defence. It goes without saying that
such special maps would be prepared only
for portions of ground, usually of small
extent, which are really practicable to the
enemy and would not, as is now the case,
be extended uniformly all round the forti-
fied place and also, that they would not
be available to the public.

Again, the engineer on his part is
interested to an equal, if pot greater degree
in the new, exact details of cartes d’ Etat,
a first class foundation for preliminary
projects, (railways, roads, canals, irri-
gation &e.) in irregular country.

One particular case, occurring fre-
quently, is that of the study of
schemes for utilising the power of high
falls in mountains where, usually, the
details given by existing cartes d’ Etlat
are too inaccurate to permit of a serious
preliminary examination of the project,
making it at once necessary to undertake
a costly survey of the ground. Now, by
reason of the cost and particularly of the
great amount of time required for such a
survey, the engineer nearly always con-
tents himself with selecting, on the ground
itsclf, a trace which appears to him to be
the most favorable and has this single
trace mapped by the survevor. This
precludes the possibility of discussing an
alternative, often perhapsmoreinteresting,
there being no complete, comprehensive
map of sufficient accuracy.

The new method, on the other hand,
makes it possible to obtain, much more
rapidly and at less cost, a plan of high
precision on a medium scale, (1/5,000 to
1/10,000), embracing all the terrain on
which the possible alternatives can be
worked out free from preconceived ideas.
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Then again, consider the value of
detailed plans on a large scale (1/1,000 to
1/2,000) in connection with big works, the
execution of which is so difficult on steeply
sloping ground, for example mountain
railways and more particularly power pipe
lines which are often bronght down amidst
impracticable cliffs. Here the problem is
insoluble in so far as it councerns the
surveyor’s work and so it is necessary to
be content with estimates of the cost of
the work, arrived at solely “ by eye” until
the “construction” workmen, suspended by
ropes in front of the vertical faces, have
been able to measure by means of line
and wooden template the lengths and
bends of the pipe. Then only can the
engineer form an idea of what he has to
face. ‘

The auto-stereo-plotted map will now
provide him with plans on 1/1,000 or
1/2,000 representing the most rugged cliffs
with extraordinary accuracy and detail
and this, merely by undertaking a few
hours of easy work on the ground. This
is one of the cases where the new method
can be applied with the greatest ease.
The great majority of power conduits are,
naturally, to be found in topographical
surroundings such that the whole of the
site, as well as all the alternatives, can he
covered by the single “normal” photo-
graph from a base, whose siting is always
perfectly easy.

The method is of equal value in the
case of projects for the construction of
large retaining barrages, across valleys or
on tlie sills of lakes. Herc again the
rapid and cheap production of a really
accurate plan on a large scale (1,1,000) is
of the 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.

In the easily obtained accurate plans,
the working of large quarries or mines or
big embankment schemes (canals, tren-
ches, dykes etc.) will also probably find a
valuable auxiliary in the carrying out of
their big periodical “ étals de lienz”.

§ 3. The future.

The short description of this new
method, so full of promise for the future,
is finished. Let it be said, however, that
its final perfect development has not yet
been reached ; its practicability still de-
pends on the ground being suitable, on
the terrain affording certain points from
which sufficiently extensive views can be
obtained: it is necessary, in short, that
there should be stations from whicl the
photographic objective can ‘““see” the
ground to be mapped. Now, though
indeed all the inconvenient and cramping
conditions which existed in the beginning
have disappeared, in particular the ““nor-
mal case” condition, we still have to
reckon with the fact that the disposition
of the ground may be unsuitable. This
is indeed generally the case in plains or in
country, gently undulating and covered
with forest, as in the (Gascony heaths
where it is practically impossible to find
an open space.

The solution in this case would be
mapping from the air, not by means of
ordinary photographs, taken from aballoon
either free or captive, but by auto-stereo-
surveying which we will call stereo-serial,
effected from either a free ov captive
balloon or from a train of kites.

In this case, all the old-standing,
justifiable objections that have been raised
against @rial surveying, 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 numerous
photographs, taken from a balloon, (and
this entails extraordinarily arduous and
difficult processes) it is possible to deter-
mine the positions of only a few elevated

points the which give a model no better
than that forthcoming from the soundings |

of submarine depths.

This is quite correct in the case of the
old photo-surveying but it no longer holds
good when we come to consider stereo-
scopic photographs, for the impression of
relief is equally good, whatever be the
“dip” of the objective towards the
ground. The examination of stereoscopic
photographs—taken from an adequate
base at 1,000 or 2,000 metres above the
ground photographed with, if need be,
the optical axis inclined at 60° or more, is
sufficient to convince one of this. The
effect is as striking as in the case of ordi-
nary stereoscopic photographs, 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 the principle of the
method is then without weight and there
only remains to be considered the possibi-
lity of putting it into practical shape.
To dilate on this point would be straying

outside the limits of this memoir: let us
remark only that the solution of this
important problem appears less distant and
fanciful than did that which the auto-
stereo-plotter has just effected so com-
pletely, and marvellously in the case of
photographic surveying.

1t would have been, al least, as an
utopian if not as a lunatic that the world
less than 15 years ago would have treated
the bold person, who dared to predict that
a day would shortly arrive when anyone
would be able to draw, automatically and
continuously, up to a distance of 10 or 15
km. or more, all the level contours com-
prised in a simple stereoscopic photograph,
without having even seen the terrain and
this with unfailing precision and astonish-
ing rapidity. '

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

We hope that this important and
decisive advance in photographic survey-
ing may Dbe finally achieved in our own
country, the fatherland of its illustrious
creator, Col. Laussedat.
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ADDENDA.

1. There appeared quite recently in |

the * Conférences sur les Méthodes et les
Procédés de Cartographie en usage au
service Géographique de L’ Armée (1912-
13)" published by the Service Geogra-
phique, a memoir which may be studied
with profit, namely the Lecture by
Commandant Bonnet under the title of
‘“ Photogrammétrie . 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.

It is, undoubtedly, by far the best
work on the method that has appeared in
the French language.
it is the only one. TUnfortunately,as it
was brought to a conclusion before the
appearance of the Orel auto-stereo-plotter,
this is not mentioned and the conclusions

One can even say .

as to the necessity for the “normal case”
and thus of the want of adaptability of
the method are no longer correct.

2. It 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 the 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 at this distance.

This abacus gives at once, by a simple
reading, the length of base required to
determine with a certain degree ot preci-
sion, the distances of the points most
remote from the station.
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