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[57] - ABSTRACT

A system is described which accurately positions a
photograph in an electronic photo scanning system. A
frame for holding the photograph is provided with first -
and second surfaces which intersect at an angle of 90°.
First and second drive members having pairs of rollers
engaged with these surfaces each have drive racks ex-
tending perpendicular from the surfaces so that elec-
tric drive motors coupled with the racks will serve to

move the frame and thereby position any selected por-

tion of the photograph over the scanning device.
Geometric relationships and construction details are

disclosed.

10 Claims, 4 Drawing Figures
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PHOTO POSITIONING SYSTEM

Various types of systems are known to the art of
photogrammetry for selectively positioning photo-
graphs for the inspection thereof. In one such system a
pair of image scanning devices such as vidicon scanners
are held in fixed positions while a stereo pair of photo-
graphs are appropriately positioned to achieve the
requisite image registration. A closed loop control
system responsive to registration error signals provides

the drive signals used to reduce the registration errors.

In such systems it is important to have a responsive
photograph positioning apparatus capable of rapidly
and accurately moving a photograph to a position
where any selected portion thereof is aligned with the
scanning device. It is thus an object of the present in-
vention to provide such a photograph positioning
system.

Another object of the present invention is to provide
an improved object positioning system which is capable
of moving an object such as a photograph to present
any selected portion thereof in a position of alignment
with a scanning device.

An additional object of the present invention is to

provide an improved photograph scanning system

which incorporates a simplified and highly accurate
photograph positioning apparatus. Another object is to
provide such a system wherein sensitivity to rotational
errors is minimized. ,

The above and additional advantages and objects are
achieved through the use of a positioning system
wherein the photograph is carried by a frame assembly
positioned for movement on a flat support surface. A
photo scanning device such as a vidicon is aligned with
an opening in the support surface and is adapted to
scan the portion of the photograph aligned with the
opening. First and second sides of the photo holding
frame are accurately machined as flat surfaces which
intersect at an angle of 90°. A pair of toothed rack ele-
ments each carry at on end thereof a frame abutting
end member with each such end member having a pair
of rollers maintained in engagement with an associated
one of said flat side surfaces of the frame assembly. The
racks extend from the abutting end members in a
manner such that the racks extend perpendicular from
the edge of the frame. These racks are each driven by a
drive gear carried on the end of the drive shafts of a
pair of electric step motors. These step motors receive
the input signals for positioning of the photograph.

A flexible cable and weight assembly connected to
the frame maintains the frame in constant engagement
with the rollers of the drive members. Thus the drive
racks always extend perpendicular from the sides of the
frame. The arrangement of the drive racks, the frame,
and the scanning vidicon is such that the center of rota-
tion for the system corresponds to the center of interest
being scanned by the vidicon. This point is located on
the intersection of the lines of drive for the racks. The
system has a cosine error function and thus is less sensi-
tive to rotational errors which otherwise tend to
present a problem in a photo positioning system.

The above and additional advantages and objects will
be more clearly understood from the following descrip-
tion when read with reference to the accompanying
drawings.

FIG. 1 is a perspective view of a preferred embodi-
ment of the invention showing the drive motors and
vidicon assembly located beneath a flat plate.
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FIG. 2 is a plan view of the apparatus illustrated in
FIG. 1. » '

FIG. 3 is a diagrammatic illustration of the apparatus
of FIGS. 1 and 2 illustrating certain geometric relation-
ships.

FIG. 4 is an elevation of the apparatus of FIG. 3.

Turning now to the drawings there is illustrated in
FIG. 1 a frame assembly 1 adapted to hold a photo-
graph which is to be scanned. The photo holding frame
rests upon a flat base assembly which includes the plate
2. The frame is provided with suitable bearing surfaces
to provide easy movement of the frame across the
plate. Nylatron pads 42 were used on the underside of
one frame assembly and were found to work well. A
pair of geared driving racks 3 and 4 each carry at one of
their ends a frame engaging end member 5 and 6,
respectively. These members 5 and 6 each carry a pair
of rollers 7 which rotate about horizontal axes and ride
on the upper surface of the plate 2. Second pairs of rol-
lers 8 supported for rotation about vertical axes in each
of the members 5 and 6 engage the edges 1A and 1B of
the photo holding frame. The outer ends of the racks 3
and 4 are supported by rollers 9.

The edges 1A and 1B of the photo holding frame are
flat surfaces which intersect at an angle of 90° for the
particular system illustrated herein. The racks 3 and 4
are are maintained perpendicular to the surfaces 1A
and 1B and therefore the racks if extended would inter-
sect at an angle of 90°. This is illustrated in Figures 2
and 3 by the lines 37 and 38 which run through the
pitch line of the respective geared racks.

The frame which holds the photograph is maintained
in engagement with each of the rollers 8 by any suitable
assembly. In the preferred embodiment illustrated in
FIGS. 1 and 2 the opposite corners 10 and 11 of the
frame 1 have the ends of the cables 12 and 13 secured
thereto. Cable 13 passes around the guide 14 supported
by post 14A on plate 2, and then around guide 15 sup-
ported by post 15A on the plate 2. In a similar manner
the cable 12 passes around the guide 15. The two ca-
bles extend from guide 15 around the guide 16 sup-
ported for rotation about a horizontal support located
in the plane of the plate 2, through the opening in the
plate 2 adjacent guide 16, and around the pulley 17
having the weight 18 secured thereto. From pulley 17
the cables extend through the opening 2A in the plate
2, around the adjustment eccentric 19, and are secured
by their respective ends to the clamps 20 secured to the
top of the plate 2. The arrangement is such that the
weight 18 acting through the cables 12 and 13 provides
a yielding force to the frame 1 which urges the edges
1A and 1B into engagement with the rollers 8 as-
sociated with drive racks 3 and 4. Rotation of the ec-
centric 19 is used for initial adjustment of the cables.

A drive gear 23 secured to he drive shaft of a reversi-
ble electric step motor 24 engages the rack 3. In a
similar manner the drive gear 43 secured to the output
drive shaft of a second reversible electric step motor 44
engages the drive rack 4. At each end of the permitted
travel of the racks 3 and 4 the operation of the reversi-
ble electric step motors is interrupted by operation of
an associated control switch by the arms 26 and 46 hav-
ing rollers 27 and 47 engaged with the non-toothed
edge of the of the associated rack 3 or 4. The arms 26
and 46 are pivoted on pins 26A and 46A secured to
plate 2. The arms are urged toward the associated rack
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by the springs 29 and 49. The switches 28 and 48 as-
sociated with the arms 26 and 46 are adapted to be
operated whenever the control arm is moved
clockwise. The end members 5 and 6 on the racks 3
and 4 have beveled surfaces 25 and 45 which engage
the rollers 27 and 47 whenever the racks reach their
maximum extent of outward movement. Thus the as-
sociated switch will be actuated to interrupt further
drive of the rack. The beveled surfaces 3A and 4A on
the outer ends of racks 3 and 4 serve the same purpose
when the maximum extent of inward travel has been
reached.

As seen in FIGS. 1 and 2 the lens of the vidicon 38 is
aligned with the opening 34 in the plate 2 so that the
point identified as the center of interest or inspection
point 50 is under observation. As seen in FIGS. 2 and 3
the center of interest coincides with the intersection of
the two lines 36 and 37 which extend perpendicular
from edge surfaces 1A and 1B to the pitch lines of the
gears 23 and 43. In the system shown these two lines
therefore coincide with the pitch lines of the drive
racks 3 and 4. It will be seen in FIG. 3 that the point of
rotation 53 for rack assembly 3 is on the pitch line of
gear 23 and hence is on line 36. In a similar manner the
point of rotation 54 for the rack assembly 4 is on the
pitch line of gear 43 and hence is on line 37. With this
arrangement the center of interest 50 therefore coin-
cides with the center of rotation for the system and
rotational errors are minimized. .

The photograph can be held in position in the frame
1 by various means. For purposes of illustration a
corner stay 31 is shown as being engaged with the
corner of the photograph with springs 32 and 33 urging
the corner stay 31 and photograph toward the opposite
corner of the frame.

The vertical center of the drive racks 3 and 4 are
maintained in the same plane as the emulsion of the
photograph. Thus in using the apparatus the photo-
graph is placed on the frame with the emulsion side
down.

There has thus been disclosed an improved object
positioning system which is particularly useful for posi-
tioning a photograph. The system disclosed herein has
been found capable of accurate positioning of a photo-
graph by incremental “X * and “Y * distances of ap-
proximately one micron. It can be shown that posi-
tional errors due to rotation are a cosine function. The
system is therefore virtually non-sensitive to rotational
errors.

What is claimed is:

1. An object positioning system comprising in com-
bination: object holding means including a frame hav-
ing first and second drive surfaces maintained at an
angle of 90° with respect to each other; a first drive
member extending perpendicular from and engaged
with said first drive surface; a second drive member ex-
tending perpendicular from and engaged with said
second drive surface; first and second drive motors
respectively engaged with said first and second drive
members and adapted to apply positional forces to said
frame via said drive members, said drive members in-
cluding means permitting rotational adjustment of said
frame, the engagement of said drive members with the
respective drive motors providing first and second lines
of drive which are perpendicular to said first and
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second surfaces and with said lines of drive intersecting
at a first point; and substantially planar support means
supporting said frame means and said drive members.

2. The apparatus of claim 1 wherein said support
means has an observation opening therein aligned with
said point of intersection of said lines of drive.

3. A system as defined in claim 1 wherein said drive
motors are adapted to drive said frame in first and
second perpendicular directions along said lines of
drive, and tension means yieldingly urging said frame in
directions opposite to said first and second directions
to maintain said frame in engagement with said drive
members.

4. The apparatus of claim 1 wherein said first and
second drive members include first and second geared
racks, and each of said drive motors includes a drive
gear engaged with the associated geared rack.

5. The apparatus of claim 4 wherein each of said
geared racks includes a frame engaging member
secured to one end thereof, each of said frame engag-
ing members having first and second rollers respective-
ly engaged with one of said drive surfaces.

6. The apparatus defined in claim 5 including means
supporting said drive motors beneath the surface of
said planar support member.

7. A photo positioning system comprising in com-
bination: frame means for holding a photo and having
first and second substantially flat drive surfaces aligned
at an angle of 90° to each other; first and second drive
motors each having an output drive shaft, a first drive
member extending from said first drive motor to said
first drive surface, said first drive member being en-
gaged with said first drive surface and including means
for applying drive forces thereto from said first motor
along a first line which is perpendicular to said first
drive surface, said first drive member being rotatable
about said first motor in a plane perpendicular to said
output drive shaft; a second drive member extending
from said second drive motor to said second drive sur-
face; said second drive member being engaged with
said second drive surface and including means for ap-
plying drive forces thereto from said second motor
along a second line which is perpendicular to said
second drive surface, said second drive member being
rotatable about said second motor in a plane perpen-
dicular to said output drive shaft; and planar support
means supporting said frame means and said drive
members on the upper surface thereof and having
means defining an observation point located at the in-
tersection of said first and second lines.

8. The system of claim 7 wherein said drive members
each include a geared rack means having means on one
end thereof engaged with the associated drive surface
permitting un-restrained relative movement between
the rack and the frame, and tension means yieldingly
urging the frame into engagement with said rack
means.

9. An object positioning system comprising in com-
bination: object holding means including a frame hav-
ing first and second drive surfaces maintained at an
angle of 90° with respect to each other; a first drive
member extending perpendicular from and engaged
with said first drive surface; a second drive member ex-
tending perpendicular from and engaged with said
second . drive surface; first and second drive motors
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respectively engaged with said first and second drive
members and adapted to apply positional forces to said
frame via said drive members, said drive motors
adapted to drive said frame in first and second perpen-
dicular directions along said lines of drive, and tension
means yieldingly urging said frame in directions op-
posite to said first and second directions to maintain
said frame in engagement with said drive members, said
tension means including cable means secured to said
frame means, and means applying a force to said cable
means for urging said frame means into engagement
with the outer ends of said drive members; the engage-
ment of said drive members with the respective drive
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motors providing first and second surfaces and with
said lines of drive intersecting at a first point; and sub-
stantially planar support means supporting said frame
means and said drive members.

10. The apparatus of claim 9 wherein said cable
means includes first and second sections of cable
respectively secured to said frame means, said means
applying a force includes a weight member suspended
from a portion of each of said cables, and adjustment
means engaged with each of said sections of cable and
operative to produce relative movement therebetween.
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