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THREE-PLATE METHOD OF AND APPARATUS FOR PRODUCING MAPS. 
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This invention relates to topography, and 
more especially to a method of, and appara 
tus for, producing maps from aerial photo- ‘ 
graphs; being more speci?cally directed to 
means for more accurately determining and 
describing elevations and contour lines. 
The objects of my invention can be best 

understood if I ?rst very brie?y review the 
practice of map making by aerial photog 
raphy as heretofore developed. The prac 
tice of ?ying an aeroplane over territory to 
be mapped and taking photographs with 
suitable camera equipment of successive sec— 
tions of territory covered, and the subse 
quent cutting and iecing together of the 
developed pictures or makingr mosaic maps 
is well understood and in common use. One 
of the accomplishments unattained until re 
cently, and only partially perfected, is the 

lines from aerial photographs. 
As a primary development in the art of 

map making I disclosed and claimed in my 
application for United States Letters Patent 
?led July 12, 1923, Serial No. 651,069, a 
method of and apparatus‘ for producing 
maps which contemplates the projection of 
successive pictures upon a plane surface, it 
superimposed effect being thereby obtained 
and contour lines being de?ned by the prop 
er adjustment of the position of. and the 
focusing of, the pictures withlreference to 
the position of the camera at the time of 
exposure. This invention referred to em 
ploys telaeroscopic means for determining 
and photographically recording the altitude 
and position from which each successive 
photograph was taken, ‘from which data 
computation~could be. made for properly 
projecting the images obtained in a labora 
tory. The photographs used in this prior 
method were taken upon a single line of 
flight, each photograph, of course, having a 
common overlapping area with the photo 
graphs immediately preceding and imme 
diately succeeding. The successive pictures 
were projected by a pair of projectors singly 
aligned to-correspond to the direction of 
the line of ?ight. This method is satisfac 
tory in all but one respect, and that relates 
to the possibility of distortion upon the 
photographic plate due to deviation of the 
plate from the horizontal at the time of ex 
posure; that is to say, there was no provi 
sion made for determining the amount of 

and correcting for tilt, except by making 
measurements on the ground covered by each 
picture and determining the tilt by graphi 
cal means or by elaborate computation from 
these measurements. Such determinations 
are often entirely impractical for the neces 
sity of penetratin inaccessible country on 
foot and making tiese measurements on the 
ground nulli?es the advantage of the aero 
plane. While extreme precaution may be 
taken, such as using a gyroscopically mount 
ed camera, the art of camera mounting has 
not developed to such a state that the camera 
is strictly unsusceptible to tilt, which may 
occur from an of several conditions such 
as the sudden urching of the aeroplane or 
from centrifugal‘ forces introduced by im 
perceptable turns of the aeroplane. Varia 
tion from the horizontal of less than one de 
gree will result in a considerable error when 
the uncorrected picture is reproduced upon 
a plane surface. 
Thus, while photographs taken on a single 

line of ?ight may have been exposed in an 
approximately horizontal position there has 
been heretofore no practical and accurate 
way to determine this slight tilt at the time 
of exposure. The'amount of this tilt is de 
termined and correction is made possible by 
the apparatus and method hereinafter de 
scribed wherein a third plate or photograph 
taken from a line of ?ight approximately 
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parallel to a line intersectinnr the position ‘ 
of exposure of the ?rst two photographs, or 
at least having an overlapping area with 
one or both of them, is superimposed in pro 
jection upon the ?rst two ima es reproduced 
and the three plates adjuste until the re 
sulting image projected from the three 
plates correctly de?nes the image of the con 
tour selected. ‘ 

Therefore: 
An object of the invention is to provide a 

method and apparatus by which an accurate 
map may be produced from aerial photo 
graphs. ' 

A further object is to provide in a method 
and apparatus of the class described means 
for selectively determining elevations and 
contour lines. ' 

Another object is to afford means in a 
method and apparatus of the class described 
for determining and compensating for tilt 
of a photographic plate at the time of ex 
posure; and to correct to ,a scale in the 
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prl‘ojection thereof for any distortion due to 
ti t. > ‘ 

V A. further object is to facilitate the ac 
complishing of accurate. registry of several 
projected images of photographs. 

, A further object is to provide means for 
adjusting two plates simultaneously about 
an axis of indeterminate rotation or common 
axis between the optical centers of their 
projection lenses. ~ 

.‘ Other objects and, advantages will be made 
manifest in the following speci?cation of an 
embodiment of the invention illustrated in 
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' the accompanying drawings in which :' 
Fig, 1 is a diagrammatic representation of 

two lines of ?ight from which photographs 
are taken. ' ' I 

Fig. 2 is a perspective view of the'appaé 
ratus employed in-the laboratory in the pro 
jection of developed photographs. 

Fig. 3 is a plan view of the apparatus em— 
ployed. 3 V 

Fig. 4 is a vertical section of one of the 
projectors employed, detailing the mounting 
%hereof and is taken on the line 4-—4 of 

i . 3. - 

ig- 5 is a lan .view partly in section 
and partly in diagram. of a ?icker device. 

Fig. 6 is a horizontal cross section of a 
projector'showing the plate holder in plan, 
being taken on the line 6-5 of Fig. 4. ' 

Fig. 7 is an enlarged fragmentar view 
of a plate holder retaining means ta en on 
the line 7—7 of Fig. 6. 

Fig. 8 is an enlarged fragmentary section 
of the plate holder adjusting means, being 
taken on the line 8-8 of Fig. 6. . 
Fi . 9_,is a diagrammatic view illustrat 

ing t e principles of projection involved in 
the method herein disclosed. ' 
Fig. 10_ is a diagrammatic representation 

of an overlapping, or superimposed effect, 
of three plates employed. 

, The?rst step in the procedure involved is’ i 
the taking of photographs of the territory 
to be mapped. I . 

It-is necessary that the altitude and loc'a 
tion of the plane at the time of exposure be 
known; also the distance of separation or 
interval between successive exposures. This 
may be accomplished by means. of telaero 
scopic information, details of which were 
disclosed in my 00- ending a_ plication above 
referred to. Brie , the te aeroscope is‘ an 
mstrument by whic vertical and horizontal 
angles can ,be readily determined and photo 
gra hically recorded; this being accom 
plis ed by telescopes which are turned to 
old the aeroplane at the cross hairs thereof 

so that the elevation and position of the 
aeroplane can be computed therefrom. iRe 
ferring to Fig. 1 it will be evident that as a 
result of the'photographic record produced 
by the telaeroscope recording camera, data 
will be obtained which shows the vertical 

angle of the aeroplane at each telaeroscope, 
one being position at A’ and a second at B, 
with reference to the ?rst line of ?ight F, 
A’ B being a known baseline. The telaero 
scope at the same time indicates the hori 
zontal angle of the aeroplane with relation 
to the ground base line. ' ~ 
The ground base line A'B, which may or 

may not be 
The angles (land D are determined by the 
telaeroscopes, as are also the angles G and H. 
The difference in elevation of the telaero 
scope stations A’. and B being known, it is 
evident that the distance AB is also known 
and that the dimensions of triangle AEB can 
be readily calculated since the two acute 
angles are known from the telaeroscope ob 
servations, and one side is a known base line. 
Therefore, 
vation the position of the point E for any 
exposure can be readily calculated; or, in 
other words, the proper'position in the map 
for the vertical point of each ‘of the photo 
graphs taken by the camera from the aero» 
plane can be accurately and readily deter- ‘ 
mined. , _ t _ 

It will be evident, therefore, in connection 
with each of the photographs taken by the 
camera in the aeroplane, that by a slmple ' 
series of calculations, a known height above 
the reference planeand the vertical point 
at each photograph in the reference plane 
can be determined. ' 
In the three plate method it is necessary 

that a photograph be taken on a line of ?ight 
F’, which is preferably parallel to the 11118 
of ?ight F, but the photograph may be any 
one having a common overlapping area with 
one or both of the photographs taken on the 
line of ?ight F.‘ It should, ‘however, be 
so disposed that a triangle with good inter 
sections is formed by the three points of 
exposure. > i 

A duplication of the telaeroscopic method 
altitude and position may be 

employed,‘ alt ough, of course,‘ any other 
method giving the same information would 
be equally satisfactory. 7 
Assume vfor future reference that photo 

graphic exposures have been made at points 

of determinin 

by means of telaeroscopic obser- ~ 
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P, Q and R which have a common over- ‘ 
lapping areareadily de?ned, _- as illustrated 
in Fig. 10. 
Y Having any twosuccessive plates and a 
third plate properl disposed with an area 
common tofone of t e other two taken from 
known elevations and with the horizontal 
distances between the respective points of 
exposure, that is to say, the ‘air base lines, ‘ 
known or readily calculated from the infor 
mation provided by the telaeroscope or other 
means employed, it is possible to readily 
plot‘ upon a-map under construction any de 
sired contour line. This is accomplished by 
an instrument which I term a three plate au 
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topographer. The assembled autopo rapher 
includes three projecting machines or pro 
jecting the image of the plates upon a plane 
surface, orients the plates. determines the 
angular position of the plate at exposure 
and corrects for any departure from verti 
cality of the optical axis. ' . 
The apparatus herein illustrated is ex 

tremely simpli?ed to avoid confusion in dis 
closure of the method employed. How 
‘ever, the necessary functions and elements 
have been included so that the method may 
be adequately explained. ‘ 

' Two parallel tracks 10 and 11 are disposed 
above, and longitudinally of, a ri id tertiary 
table ‘12. Both tracks may be 0% channeled 
cross ~section a?iording upper ' and lower 
bearing‘ surfaces for the slides of the projec 
tors hereinafter described. Corresponding 
scales 13 and 14 are provided on the upper 
faces of the channeled tracks to afford meas 
urement longitudinally of the tracks for the 
purpose of properly locating the projectors 
X, Y and Z. A portion of the underside of 

- the upper horizontal extension of the chan 
nel tracks is formed with gear teeth 15 pro~ 
viding gear racks longitudinally of the 
tracks. The track 10 is mounted rigidly 
upon standards 16 which are supported by 
the table 12, and the track 11 is rovided 
with trunnion ends 17 and 18 w ich are 
adapted to rotatably'seat in bearings pro 
vided by collars 19 and 20 which are formed 
in the upper ends of standards 21. A por 
tion of the peripheral surface of the annular 
end 17 isformed with gear teeth which are 
adapted to be engaged by a small pinion 22 
keyed to the end of a stem 23 which is 
adapted to extend through the end of a pro 
jection from the collar 19 and to be operated 
by a thumb wheel 24. The purpose of this 
arrangement is to afford a means for rotat 
ing the projectors X and Y upon an axis 
hereinafter referred to as the axis of inde~ 
terminate rotation, which in this particular 
case extends through the optical center of 
the projecting lenses of the projectors X 

‘ and Y. 

All of. the projectors are identical, the 
only difference being in the method of 
mounting them. Projectors ~X and Y are 
carried upon the track 11 and projector Z 
is carried upon a transverse mounting 25, 
which is provided on its upper. face with a 
scale 26 similar to the scales l3 and 14. 
The details of each projector and the 

mounting may be ‘understood by referring 
to Fig. 4. Each projector comprises a sub 
stantially square housing 30 having a lower 
tapered portion 31 which corresponds 'to a 
bellows extension, below the tapered portion, 
the housing being formed as a hollow ball 
32, which is adapted to be supported by, and 
revolve in, a seini~spherical housing 33. 
Below the hollow ball 32 is a short cylindri 

3 

cal extension 34 which is adapted to retain 
a ?icker device 35. 
A set screw 27 is threaded through the 

housing 33 and is adapted to bear upon the 
hollow ball 32 for the purpose of securing 
the projector in a desired position. 
. In the upper end of the housing 30 is 
provided an electric light source 36 behind 
which is disposed a reflector 37 and for 
wardly of which is placed a. ground glass 
38 for the purpose of light diffusion. 
Condenser lenses 39 are retained below 

the ground glass by a circular strap 40 pro 
vided with an annular flange 41 secured to 
the interior of the housing 30. 
One side of the ‘housing is formed with 

an opening 45, which affords access to the 
interior of the housing for the purpose of 
manipulating ‘a plate holder 46, and the 
opening 45 may be closed when the projector 
is in use b a sliding door 47. At the lower 
end of t e sliding door 47 is secured a 
curved clip member 48 (see Fig. 4) and also 
a pivoted spring 49 which has an upwardly 
extending ?nger 50 adapted to be engaged 
by the clip 48 to deter the spring 49 from 
dropping to a vertical osition when the 
sliding door is raised. he spring 49 com 
prises a ?at‘resilient leaf terminating in a 
series ot-corrugations, and is intended to aid 
in retaining the plate holder 46 in precise 
position for projection of the plate image. 
The plate holder consists of a rectangular 

frame 51 provided with lateral tongues 52 
which are adapted to slide in recesses 53 
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formed horizontally in a plate holder sup- - 
port 54 secured within the housing 30 and 
resting u on an angular support 55. The 
plateholc?er support 54 presents perpendicu 
lar faces 56 and 57 which may be employed 
as locators for the proper disposition of the 
plate holder, and when the plate holder is 
pushed into the plate holder support 54 a 
pair of leaf springs 58 secured in a recess 
parallel to one of the recesses 53 resiliently 
urge the plate ‘holder against the surface 56, 
and when the sliding door 47 is lowered the 
action of the springs 49 yieldably urges the 
plate ' holder against the surface 57. The 
plate holder may thus be always retained in 
the correct position, and if the plate carried 
by the holder is centered in the holder a cor~ 
rect projection may be made. 
The means for adjusting or centering the 

plate 60 consists of 4 set screws 61, 62, 63 and 
64 disposed one on each side of the rectangu 
lar plate holder and threaded horizontally 
through the plate holder so that each screw 
may bear, upon the edge of the plate 60. It 
will be noted that a section of the plate 
holder 46 resembles an L, thus providing a 
resting surface 65 upon which the plate may 
be disposed and a vertical extension 66 
through which the set screws may be 
threaded. ’ 
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The frame de?ned by the inner faces 67 
of the plate holder 46 is adapted to accu 
rately register with an image \frame on the 
plate 60. At the time of exposure the border 

5 68 of the plate should be properly masked in 
the camera so that a transparent border 
frame will be produced, the diagonals of 
which would intersect at ' the geometric 
center of the image. As this border frame 

10 is the exact size of the frame presented by 
\the plate holder the plate may be properly 
centered in the plate holder by manipulat 
ing the set screws 61 to 64, inclusive, at the 
same time holding the plate and plate holder 

15 before a source of light to determine whether 
any lines of light are permitted to pass be 
tween the frame of the plate holder and the 

. image frame of the plate. When the plate is 
roperly centered in the holder no light will 

20 ' e visible through the margins of the plate. 
, . A projecting lens 70 is properly mounted 
so that its optical center is concentric with 
the, hollow ball 32. - '_ 
The spherical member 33 extends hori 

25 zontally from a. sliding support 71 which is 
' adapted to enclose the track .11, and to slide 
longitudinally thereon. This sliding 'supe 
ort 71 may be actuated. by hand, but for a 
e ad'ustment a small pinion 72 mounted 

e inner end of a shaft .73, which 
bears in an aperture formed in the sliding 
support 71 and is adapted to be turned by a 
thumb wheel 74, engages the teeth of the 
gear track 15. - 

35 Set screws 75 maybe employed for secur-v 
ing the rojectors at any given position 1on 

'H___\gitudina ly‘of the track 11. The sliding sup 
’ port extending from the ball and socket joint 
of the rojector Z is adapted to be moved 

40 longitu inally of the support or mounting 
25, that .is to say, lateral y of the tracks .10 
and 11, and may be ?nely adjusted by a 
pinion operated on 'a gear rack provided in 
the lower face of ‘the support 25. The slid 

45 ing support 76 adapted to longitudinal move 
ment on the track 10 is-identical. with the 

_ sliding support 71_with the exception'that in 
' place of a spherical support 33 extending 
‘from the support 71 the transverse track 

50 gupport 25 is carried by the sliding support 
6 . . 

_ The ?icker device 35 carried on the lower 
end of the cylindrical extension 34 comprises 
a housing 80 having an opening ,81 very 

55 slightly greater than the diameter of the ex 
tension 34. A shutter 82 adapted to com- P 
pletely cover the opening 81 when swung 
below said opening 1s supported by an arm 
83, which is pivoted at 84 and is adapted to 

so be-actuated ‘by a solenoid 85 whose core 86 
engages the arm 83. The pivotal connection 
between the core and the arm is very close 
to'the pivotal mounting 84 of the arm so that 
the pulling of the arm] 83 is sufficient to 

as swing the shutter 82 from one side of the 

1,699,138 

housing to the other. A coil spring 87 se 
cured at one end to the core of the solenoid 
and at the other end to the housing 80 is 

- adapted to work in opposition to the action 
of the solenoid. . 
When using the ?icker device it is desired 

that the three should I be operated succes 
sively, that is to say, while the shutters will 
be normally retained open by the springs 
87 it is desired that each shutter should be ‘ 
momentarily closed, one after the other, 
when in o eration. For this purpose I 
have provi ed a commutator contact‘ ar 
rangement diagrammatically illustrated in 
Fig. 5. A shaft 90 of a motor 91 is adapted 
to rotate a ‘commutator 92 having a ‘contact 
point 93 upon its peripheral surface which 
is adapted to successively engage three con‘ 
tact members 94. Each one of the contact 
,»members 94 leads by a wire 95 to a solenoid 
85 and a wire 96 leads from the opposite 
end of the solenoid to a suitable source of 
eloctricenergy herein illustrated as a bat 
tery 97. The rotation of the commutator 92 
will cause the contact portion 93 to succes~ 
sively engage the contact members 94, thus 
completing the circuit through the solenoids 
of successlve ?icker devicesfand accomplish 
ingI the ?icker effect desired. ' 

pon the rigid tertiary table 12 is mount 
ed a secondary, table 100, which is carried 
upon transverse tracks 101>and is adapted 
to be. moved longitudinally of the tracks 
and transversely» of the table 12 b a con 
ventional worm arrangement, the etails of 
which are not herein shown, the movement 
being accom lished by rotation of the thumb ‘ 
wheel 102. ' be secondary table 100 is pro 
vided with longitudinally extending tracks 
103 upon which a double primary table 104 
is adapted to slide, being moved thereon. by 
a conventional pinion arrangement, the de 
tails of which are not herein shown, and 
which may be operated by a thumb wheel 
105. The primary table 104 is provided with . 
cross lines 106 and 107, which may be used 
for orienting the pictures projected, and for 
following contour‘ lines or locating points, 
if desired.‘ The primary table 104 comprises 
twothicknesses, identical in outline, the up 
per thickness being pivoted at the underside 
to swing upon an axis per endicular to the 
intersection of the cross lines 106 and 107. 
It is upon the upper thickness of this pri 
mary table 104 that the picture images are 
rejected. ‘ " ' 

A plotting table'108 is extended from the 
tertiary table 12 and ,is provided with a 
pantograph 109 ‘carrying a tracin instru 
ment 110. An am 111 extends rom the 
pantograph proper and is secured to the pri 
mary table 104, the movement of which is 
adapted to actuate the plalntograph for de 
scribing contour lines w 'ch appear in the 
projected images. 
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Referring to Figs. 9 and 10 I will now 
proceed to a description of the method em 
ployed in the use of the apparatus just de 
scribed. 
Three plates are used which I will desig 

nate as plates P’, Q’ and R’. Plates P’ and 
Q’ may be successive plates taken from the 
aeroplane at a distance appearin as PQ on 
the line of ?ight F, which will ereinafter 
be referred to as the air base line, and plate 
R’ is taken possibly from the next overlap 
ping row so as to have an overlapping area 
common with plate P’ or Q’, or both. Any 
two plates with a common overlapping area 
give all information necessary to map dif 
ferent common areas, with the exception of 
the angle of the plate- at exposure. The 
thiril plate permits the determination of this 
ang e. ‘ . 

Plates P’ and Q’ are ?rst placed in pro 
jectors X and Y, in which the ?icker de 
vices 35 are caused to remain open for the 
purpose of making the necessary adjust 
ments. The images will be at approximate 
ly the same scale by virtue of the point of 
exposure having been at the same elevation. 

It is next necessary to provide for orienta 
tion of the two plates. The two plates are 
adjusted so that the projection of their 
geometric centers falls on the longitudinal 
cross line 107 of the primary table 104. The 
two projectors X and Y are at this time 
preferably longitudinally separated so that 
the images do. not overlap on the table 104. 
The plates are then adjusted about the verti 
cal axis by rotating the projectors in the ball 
and socket joints so that the projected im 
ages extend very nearly in the same direc 

. tion. 
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A readily distinguished object is then 
picked out which appears in both plates, 
and the table 104 is moved until the selected 
object is projected from one plate on the line 
107. The other plate is then turned by a 
slight rotation of the projector on the verti 
cal axis until the projection of this selected 
object from the other plate also strikes the 
longitudinal cross line 107. It is sometimes 
necessary to make several adjustments on 
several different points of the plates before 
accurate orientation canbe produced. In. 
other words, the two images of each object 
when the plates are properly oriented and 
otherwise corrected as to altitude and angle 
of exposure will always fall in a longitudi 
nal line, that is, in a line parallel to the line 
connecting plate centers. 
However, the orientation as described can 

not be~ accurately accomplished until the 
plates have been corrected for tilt, for, in 
fact, these two adjustments are interdepend 
ent andmus't be accomplished together. 
An error in orientation may be discerned 

from an error in tilt, for if the error is’ in 
orientation only a slight rotation of the 

5 

plates will cause the lines connecting the, 
corresponding images of all common points 
to become parallel. If a“ tilt is resent it 
will be at once apparent for it Wlll be im 
possible to make these lines parallel by ori 
entation. 
After orienting as closely as possible, the 

plates P’ and Q’ are moved together to a 
plate base line distance compluted to give 
any desired contour line. T at 'this ma 
be accomplished can be understood by ref 
erence to Fig. 9. At a given distance of 
separation of the plates P’ and Q’ an image 
projected through the lens L will inter 
sect only upon a single horizontal plane. 
That is to say, if the image I (being of a 
point taken on the horizontal plane AB) 
were projected from the‘plates P’ and Q’ 
simultaneously and the plates were disposed 
at the time of projection in the identical 
position which they occupied at the time 
of ex osure, the intersection of the lines 
of lig t 1 will occur only upon the plane 
AB. Furthermore, the lines of light .to any 
object in a different contour plane such as 
the planes CD and EF will not intersect at 
the plane AB, but will show double images 
out of re istry, causing a blur, at this ele 
vation. ow, the same principle applies 
when the images are projected in miniature 
at_.the same proportion. Thus, if the lates 
P’ and Q’ are separated a distance to ring 
the images appearing on the contour plane 
AB into registry, objects appearing in any 
other elevation such as CD or EF will not 
intersect and will appear as a blur. Now the 
points of various elevations may be brought 
into registry by either varying the .eleva 
tion of the plane surface upon which the 
images are pro'ected, such as lowering the 
table to CD or F, orv by moving the plates 
P’ and Q’ closer together in order to obtain 
registry of the images of lower elevation. 
Thus, it will be seen that the contour. points 
of any elevation may be brought into reg 
istered projection by adjusting the distance 
of separation of the plates. ‘ - 
The ?icker device is set in operation and 

the resulting image observed. It will be 
apparent that in the ?icker effect obtained, 
only the lines of a contour which intersect 

‘at the particular elevation for which the 
setting is made appear to be in focus, and 
consequently will not be dlsturbed lg the 
alternate ?icker of the two projectors and 
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Y, while all portions of the projecting im- . 
ages which do not register, that 1s, which , 
are not on the contour chosen, will appear 
as a blur wherein no object will be discern 
ible. _ . 

While the ?icker devices 35 are extremel 
useful in the three plate method of this 
invention, they may also be used 1n 9. two 

125 

platemethod to produce an illusion in which ' 
contours become apparent in the overlap 130 
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ping portionsoi the images of these photo. 
graphs, as set forth in ‘my application‘ No. 

i , 651,069, ?led July 12, 1923, on method of 
' producin maps. 

In pro ucing contours by this method as 
described thus far, I have assumed that the 
plates were taken with the camera axis di 

' rectly vertical. In practice this is seldom 

10. 
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20 

the case, and, consequently, it is necessary to 
determine theamount, and direct1on of this 
error which I have called tilt, and to pro-‘ 
vide correction for it. - 

It is a well established fact that a photo 
graph of a horizontal surface taken with a 
tilt or inclined camera axis does not record 
the objects on this horizontal plane ‘at a 
uniform scale. Tilt, by the laws of perspec 
tive introduces a variation in scale. 
However, by placing the plate so exposed 

in a projecting camera, the ax1s of which 
' is in. the same angular position as was the 
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axis of the ex osing camera with the lens 
of a suitable ocal length to maintain the 
lines of light at the same angle as they were 
at exposure,‘ the rojected image will strike 
a horizontal sur ace at a ‘true and undis 
tored scale. - > 

Upon the ?rst trial,excepting in very rare 
occasions, there will not be a clear out line 
of_no motion. This is because of a tilt in 
one or both plates. Instead of a line of no - 
motion there will be an area of slight motion. ' 
The plates should again be rotated slightly 

i‘ to make certain that the orientation is as 
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- both plates. 

close as possible. If this fails to produce 
a perfect line the tilt may be determined 
and corrected by trial and error inthe fol 
lowing manner. I - 

Swing the plates about the optical lens 
center, which may be readily done by virtue 
of the freedom permitted by the ball and 
socket mounting of the projectors, until the 
images appear’ to be more nearly merged 
while ?ickering. Next choose several points 
from the area of least motion. It is prefer 
able although not ‘essential to choose four 
such points and they should be readily iden 
ti?able on each plate. _ If convenient two, of 
the points should lie on opposite sides of 
the plate center line from the other ‘two. 

If the relative ‘error in tilt is large the 
operator will see at a glance the approxi 
mate situation which is causing the discrep 
ancy, for the images from the two plates 
will be out of register. One or both plates 
must be tilted to bring the images into ap 
roximate ‘superimposition. Then it the 
efttwo points of one of the plates are much 
further apart than the corresponding two 
points of the other plate, as observed under 
a slow ?icker,'and the right two points are 
much'closer together, it is obvious at once 
‘that there is a tilt about the lateral axis in 

It is evident that one plate 
alone could not be tilted\to correct to satis 

meat-ea 
faction, since such a tilt‘ would again dis 
place the whole image horizontally causing 
a large discrepancy between all points. Both 

. plates mustbe tilted in the direction indi 
cated by this observation ‘until the left and 
right points in the two plates are both as 
close to superimposition as possible. 

. Then ?icker rapidly. If there is still some 
motion apparent in what was formerly the 
area of least motion, rotate the plates slight- ‘ 
ly to check the orientation. If this fails to 
produce sharply de?ned lines there is still 
some tilt correction necessary. '' Observe the 
four points to ascertain if they are still in 
the area of least motion. If any or all oit 
them are moving further While ?ickering 
than other points in the area of least motion, 
new points‘ should be’ selected from this 
area. Flicker slowly. Perhaps now the fur 
ther pair of points appear more widely sep 
arated in one plate than in the other,’ while 
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the nearer pair appear close together. This . 
indicates a relative tilt about the longitudi 
nal axis and both plates must be tilted about 
this axis to a position where the ‘area of least 
motion approaches closest to a line. Orien 
tation is rechecked, a new set of points se-' 
lected, if necessary, and the process contin 
ued until the area of least motion is reduced 
to a line.‘ 
The plates P’ and Q,’ are now- properly 
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oriented and have no relative tilt. The only ‘ 
error which may still be present is one of 
equal angular displacement of'the two plates 
about the base line axis. In other words, if 
instead of a horizontal table there were a 
vertical table the same distance from the 
plate base line, both projectors could be ro 
tated on the track 11 through 90° and in the 
resulting image the same line of no motion 
would be intact. _ 
- In fact, this same situation could be pres 
ent in» any plane tangent'to the plate base 
line axis, which in this connection may ap~~ 
propriately be called the axis of indetermi 
nate rotation. ‘ 

Practically. speaking, the axis of indeter 
minate rotation of the projectors herein em~ 
ployed, passes through the projecting lenses 
70, and the bearing provided by the collars 
19'and 2O adords means of rotation about 
the axis of indeterminate rotation. A false 
registry may occur at the intersection of the 
primary table with some tangent plane per 
pendicular to the vertical axis of the two 
plates if they lie incorrectly placed about 
this axis of indeterminate rotation. The op 
erator seeing a registry from two plates, 
therefore, has no way by the'use of two 
plates to know the proper disposition about 
this axis. 

‘It is to provide this correction that the 
third plate R’ is used. . - 

Plates P’ and Q’ are left in the position 
where they produce a sharp line. No fur 
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ther adjustment will be necessary on them, 
excepting a rotation about the axis of inde 
terminate rotation or plate base line axis, 

“ which may beaccomplished with plates P’ 
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and Q’ maintained as a unit on their track, 
rotation occurring by turning the thumb 
wheel 24, which, through the stem 23, oper 
ates the pinion 22 on the threaded portion of 
the collar 19. - >' _ 

Plate R’, after having been placed in its 
proper osition by reference to the data ob 
tained rom .the telaeroscopes, or other in 
struments, and reduced to the proper pro 
portions on the scales of the track 10 and the 
transverse support 25, is next approximately 
oriented with either plate P’ or Q’. All ad 
justments will be more easily accomplished 
while usin projector Z with either projec 
tors X or ?', but not both. Orientation of 
the plate R’ is accomplished with the longi 
tudinal line 107 turned to intersect the im 
age center of plate R’ with either P’ or Q’. 
In order to determine where this image cen 
ter is, it will be necessary to provide on each 
ball and socket a mark 88 on the-ball, which 
will register with the opening at the upper 
end of the socket or semi-spherical support 
33 when the lense axis is vertical. Then the 
center of the image will represent the point 
vertically below the plate center for the pur 
pose of orientation. After orienting proceed 
to eliminate the tilt between R’ and P’, or 
Q’, precisely as described already, with the 

, exception that plate P’ or Q’ is only to be 
tilted by rotation on the axis of indetermi 
nate rotation, and, of course, will carry the 
other plate with it. This adjustment is 
more easily made ordinarily than ‘the adjust 
ment between plates P’ and Q’. Since plate 
P’ or Q’ can only move about the one axis, 

‘it is merely necessary to carry the rotation 
I through the probable angle. of error trying 
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- gresses. 

to make plate R’ register as the rotation pro 
WVhen an adjustment is accom 

plished to the point where a trueline of no 
motion occurs the correct position has been 
obtained to compensate for all errors of tilt, 
and true contours and other information 
may be obtained'from the three plates. If 
plate P’ were used with R’ it ‘is advisable, as 
a ?nal check, to ?icker Q’ with R’ and then 
all three together. If there is no motion it 
is proof that all corrections have been prop 
erly made. That is to say, the corrections 
for orientation and tilt are accurate. If 
there is a discrepancy in this ?nal line of no 
motion, or any other for that matter, a mis 
take has occurred some place in the system 
and it will be necessary to systematically 
check back through to discover it. 
A slight modi?cation of this procedure 

is necessary in special cases, such as a uni 
formly sloping plane where contours would 
be straight and parallel. In this case two 
points in one area of. least motion for a high 
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contour would be used and two points from 
a lower area with the plate centers‘moved 
closer together for a lower contour. 
On each adjustment ‘the plate centers 

would have to be moved twice to bring the 
respective sets of points into the area of least 
motion or contour line, as the case might be. 

In precise work it may be preferable to 
replace the ball and socket by a gimbal 
mounting. . With this arrangement it is also 
possible to introduce an are on each axis by 
means of which an les may be read so that 
one three-plate adjustment'will suffice for 
all time, by making a permanent record of 
the angles. It may further prove desirable 
to include slow motion screws of conven 
tional design to facilitate the handlingof 
thev rojectors for precise work. 
T e infallibility of the method described 

may be explained in this manner. Cameras 
replaced into the positions of exposure at 
P’ and Q’ and used as projectors for the. 
developed plates would cause the rays of 
light to fall back exactly on the source from 
which they came. Refer to Fig. 9. Imag 
ine a huge level table of adjustable height, 
covering the entire area photoeraphed. 
Sharp images would only register For those 
points with the two rays of 1i ht intersecting 
at the table. All other points higher or 
lower would show double images, such as. 
would occur between lines of light 1 passing 
through the plane‘, or table AB. ‘Therefore, 
the rays of light from two overlapping pic 
tures projected in'miniature of the actual 
conditions onto a horizontal table must in 
tersect at the imaged object in miniature. 
Only at the correct relative angle of the 

projectors could there be superimposition 
on this horizontal table. Although a single 
‘point, or series of points, from two plates 
might in unusual cases :fall into registry; 
of! this axis superimposition could not occur‘ 
and falseness of the registry would at once 
be disclosed by the third plate, vfor if the 
plate images upon which the distances from 
images to table, resulting from tilt, were too 
great they would enlarge too much, while if 
these distances were too short the enlarge 
ment would not be enough. That “is to say, 
this false registry might occur from the 
equal slight tilt of each‘ projector about a 
lateral axis. Both images in eifect would 
be moved closer together in case each pro 
jector were tilted toward the other throu h 
an equal angle, and a false registry mig t 
occur on a series of points. But on account 
of the tilt the light from two points of the 
series will have to travel farther to the table, 
hence the images of the two points will ap 
pear at too large a scale. The third plate 
image if in its correct position will not 
register because its projected image of the 
two points will be to true scale. If on the 
other hand the ?rst two plates are tilted 

80 

100 

105 

no 

115 

120 

125 

130 



10 

about the axis of indeterminate rotation, 
then the projected image of the third plate 
will fail to register due to its distortion from 
the tilt necessary to bring the images to ap 
proximate registry. This condition will pre 
vent registry since the distortion is relative 
to a perspective point displaced relative to 
the perspective points of the other plates. 

' In order to produce a contour line by the 
‘?icker process it ‘is, therefore, essential that 
the projection from the two plates occur at 
the same scale, in the same plane. _ Since all 
photographs are exposed from the same ele 
vation, or corrected to the scale of the same‘ 
elevation, it is obvious that the points of the 
same scale and in the same plane must lie 
in a plane parallel to the plate base line 
axis. By taking the third plate on a plate 
base line axis making a large angle with the‘ 

‘ other axis there is only one situation where 
the three will simultaneously produce a line 
of no motion. .This situation occurs with all 
projectors replaced into the angular position 
of exposure and projected onto a horizontal 
surface, or surface parallel to a plane pass 
ing through the center of the projecting 
lenses, which is a horizontal plane; This, 
of course, presumes that the three plates 
were exposed from the same altitude or 

' corrected for this error. 

_ justing the‘ separation of the 
.hereinbefore outlined. 

When the projected images have been 
accurately de?ned upon the primary table‘ 
104 the operator may 'follow the contour 
lines with the intersection of the cross‘lines 
on the table 104 and the pantograph will 
reproduce a contour line such as 115 upon 
the plotting table 108. As before, pointed 
out, any other contour lines such as 116 may 
be determined and plotted by'properly ad 

projectors, as 

There may be occasions in very rare ,in 
stances where the data obtained in the plates 
P’ and Q,’ will be su?icient to correct for 
tilt. This may occur where photographs 
have been taken along the ocean shore, where 
it is obvious that a known contour line will 
appear, or in country replete with erosive 
formations wherein the strata are very reg 
ular and of known position. _In these in 
stances the correct tilt may be ascertained 
by adjusting the plates to register on the 
known contour. There is only one point at 
which the projected images of the known 
contour lines will perfectly register along 
their ‘entire overlapping length. If the 
plates were in' any but the position at which 
they were during exposure the projected im 
age, by virtue of the diagonal disposition 
of light rays would cause the superimposed 
image to fail of registry at the extremities 
of the known contour. 

I claim as my invention: 
1. A step in the art of map making/com~ 

prising: taking three photographs of terri 
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tory to be mapped having a common over 
lapping area; determining the point of ex 
posure of each photograph; projecting in 1 
miniature of the arrangement of exposurev 
the photographic images upon a common 
?eld; and determining by observation and 
adjustment of the superimposed images the 
exact angular position of each negative at 
exposure. ' 

2. A step in the art of map making com 
prising: ’taking photographs of territory to 
be mapped ‘having a common overlapping 
area; projecting the images from the photo 
graphs upon a plane surface; causing the 
projected images to superimpose so that im 
age objects occurring at a given elevation 
approximately register; and perfecting said 
registration by determining and correcting 
for equal angular displacement of two of the 
photographs about an axis of indeterminate 
rotation by the use of a third photograph. 

3. A step in the art of map making com 
prisingrtaking: photographs of territory to 
be mapped having a common overlapping 
area; rapidly and alternately projecting the 
photographic images upon a common eld; 
and determining by observation and adjust 
ment of ‘the superimposed images the exact 
angular position of each negative at ex 
posure. ‘ ‘ 

4. A step in the art of map making com 
prising: taking photographs of territory to 
be mapped having a common'overlapping 
area; rapidly and alternately projecting in 
miniature of the arrangement of exposure 
the photographic images‘ .upon a common 
?eld; and determining by observation and 
adjustment of the superimposed images the 
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exact angular position of each negative at ' 
exposure. 1 

5. A step in the art of map making com 
prisingi taking photographs of territory to 
be mapped having a- common overlapping 
area; determining'the point of exposure of 
each photograph; rapidly and alternately 
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projecting in miniature of the arrangement j. 
of exposure the photographic images upon a 
common ?eld; and determining by observa-v ‘ 
tion- and1 adjustment of the superimposed 
images the exact angular position of each 
negative at exposure. 

6. A step in the art or‘ map making com 
prising: taking vphotographs of territory to 
be mapped having a common overlapping 
area; rapidly and alternately projecting the 
images fromlthe photographs upon a plane 
surface; causing the projected images to 
superimpose so that image objects occurring 
at a given elevation approximately register; 
and perfecting said registration ‘by deter 
mining and correcting for equal angular dis- 
placement of two of the photographs about 
an axis of indeterminate rotation by the use 
of a third photograph. 

7. An apparatus to be employed in map 
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making comprising: a plane surface adapted 
to receive projected images; a plurality of 
projectors mounted to project images upon 
a commonarea of said plane surface; means 
permitting individual rotation and adjust 
ment of said projectors; and means inde 
pendent of said last named means for si~ 
multaneously rotating a pair of said pro 
jectors on an axis parallel to and longitudi~ 
nal of the plane surface. 

8. An apparatus to be employed in map 
making comprising: a plane surface adapted 
to receive projected images; a plurality of 
projectors mounted to project images upon 
a common area of said plane surface; means 
permitting individual rotation of said pro 
ject0rs;' means independent of said last 
named means for simultaneously rotating a 
pair of said projectors on an axis parallel 
to and longitudinal of the plane surface; 
and ?icker devices mounted on each pro 
jector and adapted to interrupt the issuance 
of projected light rays. ‘ 

9. An apparatus to be employed in map 
making comprising: a plane surface adapted 
to receive projected images; a plurality of 
projectors mounted to project images upon a 
common area of said plane surface; means 
permittinglindividual rotation of said pro 
jectors; means independent of said last 
named means for simultaneously rotating a 
pair of said projectors on an axis parallel 
to and longitudinal of the plane surface; 
?icker devices mounted on each projector 

and adapted to interrupt the issuance of 
projected light rays; a plate holder in each 
projector; and means for centering a plate 
in said holder. 

10. In ‘map making, the art which com 
prises; taking photographs of territory to 
be mapped, said photographs having a com 
mon overlapping area; projecting the im 
ages of said photographs upon a common 
?eld; adjusting two of said images into an 
approximately true relation with each other ;. 
and, While maintaining said relation between 
said two images, adjusting said two images 
and a third of, said photographic images into 
an approximately true relation with each 
other and perfecting said relation by ad~ 
justmcnt of the three images into perfect 
registry, the relation thus set up between 
said three images causing the photographs 
in the projectors to occupy the same relative 
angular positions as held by said photo 
graphs when taken, and constructing a map 
from the resulting information. 

11. A method of producing a contour map, 
consisting of projecting the images of over 
lapping photographs onto a surface and de 
termining all objects in a given contour by 
rapidly and alternately projecting the im 
ages onto a common surface to determine the 
exact points of registr . 
In testimony Whereo , I have hereunto set 

my hand at Los Angeles, California, this 
27th day of April, 1925. 

LEON T. ELIEL. 
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