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An aligning system includes an object to be acted upon 
at predetermined locations, such as a circuit board to 
receive solder paste. There is a device, such as a stencil, 
characterized by the pattern for acting upon the object. 
A video probe is arranged to look at both the device 
and the object for providing image signals representa 
tive of both. A comparator compares the image signals 
to provide an error signal representative of misalign 
ment between the device and object. A positioner re 
sponsive to the error signal relatively positions the de 
vice and object to reduce the error. An operator causes 
the device to operate upon the object at the predeter 
mined locations. 
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VIDEO PROBE ALIGNING OF OBJECT TO BE 
ACI'ED UPON 

Matter enclosed in heavy brackets I: ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

A computer program listing is set forth in a micro?che 
appendix. 
The present invention relates in general to aligning 

and more particularly concerns novel apparatus and 
techniques for aligning an object to be acted upon at 
particular locations with a device that performs the 
speci?c operations on the speci?ed points. A speci?c 
embodiment of the invention facilitates aligning circuit 
boards for receiving surface mounted components with 
a stencil for applying solder paste to a pattern on the 
circuit board while facilitating rapid reorientation for 
applying solder paste to a different pattern. 
A typical screen printer is the commercially available 

ASP-24 automated screen printer available from MPM 
Corp, 7] West Street, Med?eld, Mass. 02052 incorpo 
rated herein by reference. This screen printer includes a 
replaceable screen for printing solder paste on a foot 
print of pads on a surface mount circuit board. This 
system may also deposit other materials, such as epoxy, 
polymer, cermet and most other screen printable mate» 
rials. This system includes a programmable controller 
for positioning each circuit board beneath the screen or 
stencil above that deposits the screen printable materi 
als. 

Prior art screen printers with vision require printing 
solder paste on the circuit board, driving a table out 
beneath the cameras and the cameras look at the solder 
paste. The solder paste in then wiped off, the board 
enters beneath the stencil, and the board is printed a 
second time, and reciprocates back out for examination 
by the camera. 
A prior art screen printer includes a camera that 

looks between the board and the screen, but it does not 
look at an image on the screen, only at the board. The 
camera on that device does not reciprocate. It uses a 
?xed mounted camera that just looks down at the board, 
and it requires that the board be outside of the stencil 
which comes down upon it by a certain amount such 
that the camera does not get in the way. 

It is an important object of this invention to provide 
improved apparatus and techniques for optically align 
ing an object to be acted upon at one or more points 
with a device for repeatedly acting upon like objects at 
like points. 
According to the invention, at least one, and prefers 

bly two, movable video probes are located between the 
acting device, such as the screen or stencil, typically 
above, and the object to be acted upon, such as a circuit 
board, typically below. The one or two probes, ?rst 
look at and locate a pattern, such as on the object de 
vice, such as a circuit board, store information on fea 
tures in this pattern, such as x, y and 0 information on 
key features in the pattern. Associated data processing 
apparatus processes and stores this information. The 
one or both video probes then rotate downward while 
still in the region between the object to be acted upon 
and the device to act, examine the other pattern such as 
on the acting device, such as the screen or stencil, for a 
matching pattern and relatively position the object and 
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2 
device so that the two patterns are in alignment. The 
one or both video probes then retract, and the device, 
such as the stencil or screen engages the object, such as 
the circuit board, to deposit solder paste or other screen 
printable material on selected points in registration with 
corresponding points on the device, such as the screen 
or stencil. Once a specific pattern is learned, the inven 
tion may repeatedly relatively position by looking at 
only the object to be acted upon. 
According to a speci?c aspect of the invention, a 

positionable base supports a video probe [,1 . This base 
is formed with at least one and preferably two slots 
having a generally horizontal leaning portion with as 
depending angled trailing portion for guiding elements 
that carry the video probe as it moves between the 
extended position at the leading end of the slots, with 
the video probe between object and device, and the 
retracted position at the trailing end of the slot, with the 
video probe retracted from the region between object 
and device. 
Numerous other features, objects and advantages of 

the invention will become apparent from the following 
speci?cation when read in connection with the accom 
panying drawings in which: 
FIG. 1 is a perspective view of a fully automated 

screen printer with vision system according to the in 
vention; 
FIGS. 2 and 3 are perspective views of the video 

probe assembly in retracted and extended positions, 
respectively; 
FIG. 4 is an exploded view of the video probe and 

portions of the supporting assembly; 
FIG. 5 is an exploded view of the video probe sup 

port assembly; and 
FIG. 6 is a diagram illustrating the relationship 

among target points and the center of rotation helpful in 
understanding principles of the invention. 
With reference now to the drawing and more particu 

larly FIG. 1 thereof, there is shown a perspective view 
of an exemplary embodiment of the invention compris 
ing the commercially available ASP-24 fully automated 
screen printer available from MPM Corp. with movable 
video probes according to the invention. The apparatus 
includes a base 11 for supporting a circuit board to be 
printed upon, left and right video probe assemblies 12 
and 13, a controller 14 and video monitor assembly 15. 
The system also includes a positionable screen/stencil 
support assembly that may be moved to align the screen 
or stencil with the circuit board to be printed upon. A 
lower platform 16 supports various packages for con 
taining hardware used in the system. 
The base components added to the ASP-24 auto 

mated screen printer include the two video probe as 
semblies 12 and 13, a ?beroptic light source for illumi 
nating the screen and board during pattern recognition, 
the trackball teaching module 14, and a vision processor 
unit comprising a commercially available Cognex Type 
2000 with suitable software, an example of which is set 
forth in Appendix A. 
The invention utilizes a user-friendly operator inter 

face. Menu-driven software, such as set forth in Appen 
dix A, produces a display on video monitor 15 that 
prompts the operator through each phase of the four 
step setup process. Help screens are accessible at each 
step, outlining in detail the instructions for performing 
that step. At the completion of each step. the system 
automatically displays the next prompt on monitor 15. 
Setup errors may be quickly corrected through the 
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push-button editing feature with trackball teaching 
module 14. 
The operator uses the independent trackball teaching 

module 14 to select a pattern on the PC board within 
each probe's field of view of left and right probe assem 
blies 12 md 13. Teaching module 14 capture these two 
select patterns and then recognizes and locates the 
matching patterns on the screen or stencil. Without 
further operator involvement, the system implements 
the program by calculating the pixel representation in x 
and y coordinates of signi?cant features and angular 
orientation in azimuth, conveniently referred to a 0 
geometry. The apparatus then determines an accurate 
"home” position for the screen/stencil in relation to the 
circuit board then positioned on base I]. The offset data 
corresponding to the difference in x, y and 0 positions of 
the observed circuit board features and corresponding 
screen/stencil features is automatically downloaded 
into the screen printer stepper motor programmable 
indexes. These indexes activate the screen printer step 
per motor assembly to reposition the screen/stencil 
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relative to each stationary board for subsequent print . 
cycles with screen/stencil in horizontal alignment with 
each circuit board below. This automatic positioning 
adjustment accommodates variations in board toler 
ances. Between print cycles, the left and right video 
probes 12 and 13 automatically move in, look at the next 
board in place, move out again, screen/stencil is posi 
tioned if necessary, and printing occurs without opera 
tor intervention. 
As an alternative feature the use may verify align 

ment with a post-print inspection feature. As part of the 
setup menu, the operator may choose how often to do 
post inspection. Then a choice may be made from three 
tolerance threshold menu selections for alignment error 
detection. 

Printed circuit boards having patterns outside these 
parameters produce an error message on video monitor 
15. This error signal may be used to activate a diverter 
to reroute that board for reworking. The error signal 
may also be used to pause automatic operation so that 
the operator can correct the problem before any more 
material is wasted. To begin the setup process, the oper 
ator presses a “video attention” button on teaching 
module 14. Actuating this button produces the setup 
menu on video monitor 15. Then the operator com 
pletes four steps, pressing a single button 14 on teaching 
module 14 to signal completion of each step. First, the 
operator clamps left and right video probe assemblies 12 
and 13 in place so that each probe when in the extended 
position may observe two different patterns of signi? 
cant features of the circuit board and corresponding 
screen/stencil. The operator then teaches these board 
patterns. Using trackball teaching module 14, the opera 
tor moves joy stick 14A to de?ne the windows within 
the [probes,] probes’ fields of view embracing signifi 
cant features, typically a pattern of pads for receiving 
solder paste, and then pushes a single button on teach 
ing module 14 to teach the pattern to the apparatus 
which then captures the patterns. The operator posi 
tions the probes of left and right probe assemblies 12 
and 13 to view upward to learn the screen or stencil 
pattern above. The associated data processing system 
automatically locates the matching pattern on the 
screen or stencil, determines the pixel representation of 
it in x, y and 0 geometry; automatically downloads 
offset data for x, y and 0 for alignment purposes. The 
operator then rotates the video probes downward 
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4 
toward the circuit board, and the apparatus is now 
ready to print automatically. As each board is posi 
tioned on base 16, the video probes on left and right 
assemblies 12 and 13 extend above the positioned circuit 
board, determine x, y and 0 differences between the 
positioned circuit board and the screen or stencil above 
and operate stepper motors to reposition, if necessary, 
the stencil or screen for alignment with the circuit 
board below. 

Referring to FIGS. 2 and 3, there are shown perspec 
tive views of the video probe assemblies in extended 
and retracted positions, respectively. Each assembly 
includes a base 21 with vertical walls 22 and 23, each 
formed with front and rear slots 24 and 25, respectively, 
having horizontal leading portions 24A and 25A, re 
spectively, and depending angled trailing portions 243 
and 2513, respectively. A vertical bracket 26 rests upon 
side walls 22 and 23. The movable probe support 27 is 
formed with elements, such as 31 for riding in slots 24 
and 25. The movable base 27 supports 90' mirror tube 
32 that provides an image to camera 33 in housing 34 
and furnishes illuminating light to illuminate the screen 
or stencil and the circuit board. FIG. 2 shows the video 
probe in the extended position between circuit board 
and screen or stencil. Arrow 35 illustrates the 180' 
rotational range of mirror tube 32 for looking above and 
below. FIG. 3 shows the video probe in the retracted 
position outside the region between circuit board and 
screen or stencil. Arrows 36 indicate the path traveled 
by the probe up and forward to the extended position 
and rearward and down to the retracted position. 

Referring to FIG. 4, there is shown an exploded view 
of a number of elements forming the video probe with 
some portions cut away. The Volpie 90' mirror tube 32 
includes a mirror 32A mounted at 45' angle relative to 
the axis of mirror tube 32 with a Volpie intrascope 
approximately 12 inches long mounted inside mirror 
tube 32. A rotate clamp mechanism is shown inside 
broken line 42 with the parts exploded and functions to 
position mirror tube 32 in one of two positions 180' 
apart, looking up as shown for viewing the bottom of 
the screen or stencil, or looking down for viewing the 
top of the printed circuit board. Focus knob 43 allows 
for focusing the image of camera 33 by observing the 
image on video monitor 15. 
The main probe clamp 44 carries two shock absorbers 

45 and 46 above the left and right arms 47 and 48, re 
spectively. Main clamp 44 also carries three ball-and 
cone pieces, two of which 51 and 52 are visible in FIG. 
4. 

Referring to FIG. 5, there is shown an exploded view 
of a video probe support assembly with the housing cut 
away and the video probes omitted to better illustrate 
certain structural features. Main clamp 44 supports the 
vision probe at the center of the camera 30 and Volpie 
intrascope unit 44. By supporting this assembly at the 
center of gravity, when the ball-and-oone pieces 51, 52 
and 61 engage reference balls, there is very low energy 
movement to achieve precise reference position very 
quickly. 
A linkage allows the center of effort to be aligned 

along the axis of mirror tube 32 and Volpie intrascope 
unit 41. This linkage includes a left link 62 and right link 
63. Air cylinder 64 drives the leading ends of these links 
with pin 65 seated in clevis 66 secured to the leading 
edge of air cylinder rod 64A. Main clamp 44 is formed 
with vertical recesses 44A and 448 that engage the left 
and right arms ‘71 and 72, respectively. These arms 
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accommodate four rollers, a.trailing pair in openings 
71A and 72A, and a leading pair in vertical slots 71B 
and 725. Left and right side plates 22 are cammed as 
shown. Left and right angle brackets 73 and 74 are 
attached to the top leading portions of left and right side 
plates 22 and 23, respectively, that rollers on the link 
system engage. These angled brackets provided hori 
zontal surfaces for insuring that air cylinder 64 pulls the 
probe itself horizontally without a vertical component 
of force. Rollers 75 and 76 ride on left and right angled 
brackets 74 and 75, respectively. A pair of ?ow controls 
81 and 82 mount on the trailing portion of left side plate 
22 and have a needle valve which allows re-exhaust in 
each direction for aiding in providing smooth motion 
upon operating air cylinder 64 for extension and retrac 
tion free of binding or violet motion. Shock absorbers 
45 and 46 also help allow smooth action when the vision 
probe approaches a final location against the ball and 
cone. Shock absorbers 45 and 46 provide damping that 
prevents the CCD cameras 33 from being subjected to 
violet movements. 
Main clamp 44 clamps the vision probe ?rmly to the 

tooling bed 11 of the machine, while allowing some 
relative adjustment on the probe to position the mirror 
tube 32 between the stencil and circuit board that may 
vary depending on the thickness of the circuit board. 
Clamping screws may be loosened and two jacking set 
screws 94A may be adjusted to control this position. 
There is a right ball mount support 83 for supporting 

balls 83A and 83B and a left ball mount support 84 for 
supporting ball 84A. Balls 84A, 83A and 83B engage 
ball-and-cone pieces 51, 52, and 61, respectively. Ball 
mounts 83C, 83D and 84B are independently adjustable. 
When air cylinder 64 urges the probes to the extended 
position, ball mounts 83C, 83D and 84B are tightened so 
that balls 83A, 83B and 84B are exactly seated in ball 
and-cone pieces 52, 61 and 5.1, respectively. This posi 
tion is then readily repeatable. 

Left and right ?beroptic supports 85 and 86 are con 
nected to left and right links 62 and 63, respectively, and 
carry ?bers optics (not shown) in parallel to the Volpie 
intrascope. This arrangement with ?ber optics along 
and parallel to the Volpie intrascope provides back 
lighting. That is to say, this structure provides a very 
shallow light illuminating the object being viewed. The 
shallow angle light reduces glare, and the image of the 
object being viewed appears more clearly with back 
lighting. 

Pins 85A and 86A pivotally support left and right 
?ber optic supports 85 and 86 to slots 71B and 728 in 
left and right arms 71 and 72, respectively. This struc 
tural arrangement allows free vertical rotation of these 
supports so that when air cylinder 64 extends and re 
tracts the assembled slide unit, it prevents signi?cant 
free ?oating. Stated in other words, because the left and 
right links are referenced on left and right angle brack 
ets 73 and 74, respectively, at the extended end of the 
stroke for precise horizontal actuation, the structural 
arrangement contains when not actually contacting the 
angle brackets. Pins 85A and 86A in slots 71B and 72B 
provide this containment. Pin 65 pulls left and right 
links 62 and 63 up and outward toward the extended 
end until rollers 75 and 76 engage the underside of left 
and right brackets 73 and 74. On retraction pin 65 
moves down and toward the retracted position. 
A focus hold bar 91 is secured to the top of main 

clamp 44 and carries a piece of felt on the bottom for 
engagement by focus knob 43. This holding function 
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6 
helps prevent focus knob 43 from rotating in the pres 
ence of repeated changes in position of the probe assem 
bly. 
A proximity switch 92 is fastened to side plate 23 for 

providing a signal indicating that the probe is in a safe 
retracted position to allow the apparatus to print on the 
circuit board then below the aligned screen or stencil. 
There is a left clamp piece 93, left set screw adjust bar 

94 and left clamp nut plate 95 secured to the extended 
end of left side plate 22. Similarly, there is a right clamp 
piece 96, right set screw adjust bar 97 and right clamp 
nut plate 98 secured to the extended end of right side 
plate 23. Set screws such as 94A and 97A, allow adjust 
ment of set screw adjust bars 94 and 97. 
Other components of the vision system include the 

vision processor, a commercially available type. 
Cognex unit and monitor having Cognex commer 

cially available software for image searching for match 
ing a stored image with an observed image to permit 
alignment of the screen or stencil with a circuit board 
below together with software for controlling the menu 
driven functions relative to the speci?c screen printer 
application of the vision processor. 
An operator communicates with the processor for 

aligning a particular board through a trackball teaching 
module 14. This teaching module has three buttons 
14A, 14B and 14C and a ball 14D. Rotating or pushing 
the ball with ?ngers allows the operator to move the 
window within the ?eld of view on monitor 15, and 
actuating the buttons allows the operator to select a 
menu item or move the cursor down through the menu. 
Operating button 14C selects a help menu. 

It may be advantageous to include a monitor 
mounted on an arm on the side of the screen printer for 
observing what each vision probe in assemblies 12 and 
13 observes. Two vision probes are used to detect rota 
tional movement 0 in addition to rectilinear movement 
in x and y directions. 
The light source is preferably a high intensity light 

coupled to the ?ber optics. These ?ber optics carry 
light where needed on each side of each vision probe, a 
total of four light sources. There is also a source of 
illumination above the stencil for backlighting the sten 
cil to permit observation of features, such as holes, in 
the stencil for identifying the image for capturing. 
We turn now to a description of the process from the 

beginning when an operator sets up the vision system to 
operate upon a speci?c run of circuit boards to opera 
tion in an automatic cycle. 

First, the operator adjusts the mechanisms on the 
screen printer to handle the particular board size in 
conventional manner. That involves adjusting the 
tracks and board stop, and inserting the stencil needed 
to print on that board inside the screen printer. These 
mechanical steps are the same as with the ASP-24 fully 
automated screen printer without the vision features 
according to the invention. 
The operator then applies power to the apparatus to 

provide the main menu on display. This main menu 
allows the operator to select setup, edit setup, autoprint 
or address a help menu. First the operator selects setup. 
After selecting setup, a menu prompt on the screen 
instructs the operator to locate each vision probe over 
the particular object on the circuit board which the 
operator feels is unique and will be trained upon, such as 
a con?guration of surface mount circuit board footprint 
pads. The apparatus will then look for this same unique 
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pattern on subsequent boards in an automated produc 
tion run. 
The operator manually positions a first vision probe, 

such as the one in left assembly 12, over the board cen 
tered over the particular unique object. The operator 
then clamps this vision probe assembly in place. The 
operator then pushes button 14A on the teaching track 
ball module to select the next prompt on the menu. That 
prompt directs alignment of the second vision probe, 
such as the one on right assembly 13. The operator 
aligns this second vision probe in substantially the same 
manner as the first and again presses button “A to 
produce the next prompt. The board patterns are taught 
and then the apparatus [loos] looks at the stencil. This 
next prompt instructs the operator to rotate the vision 
probes [throu] through 180' to look at the stencil. The 
operator then rotates mirror tubes 32 through the 180' 
established by the rotate clamps 42. The operator then 
drives the screen into position above the board with joy 
stick and 0 push button controls on the ASP-24 ma 
chine. The operator positions the overhead structure in 
x, y and 0 into a position such that the vision probes 
observe the pattern on the screen or stencil that matches 
the pattern on the circuit board previously aligned cen 
tered within the ?eld of view of the probes. In response 
to each actuation of button 14A the menu prompts the 
operator to teach the pattern that is desirable after man 
ually locating the stencil. The operator may be required 
to make line adjustments in the window by moving 
trackball 14D and changing the window size until the 
object is clearly defined and boxed in a square on moni 
tor 15. The operator then depresses push-button 14B 
and thereby teaches the system the pattern it is looking 
for with the ?rst probe. The operator follows the same 
procedure for the second probe. Then the operator 
pushes button 14C to indicate teaching is complete. 
The screen printer then makes a number of automatic 

moves to learn the geometry associated with this partic 
ular setup and this particular type board. 
The x stepper motor first moves the screen printer a 

predetermined number of steps in the x direction. This 
movement de?nes the world coordinate system for the 
cameras 33. Because of this feature the cameras may be 
placed at any angle anywhere along the front of the 
circuit board. The y stepper motors then move the 
screen printer a predetermined number of steps in the 
orthogonal y direction to con?rm the world coordinate 
system. The system also recognizes the number of steps 
per pixel during these x-y moves. These moves enable 
recognition of how much the image moves for every 
step of the stepper drive system. Then the stepper mo 
tors move the screen printer through pure rotation a 
predetermined number of steps to determine how the 
object translates in x and y coordinates during a pure 
rotation. The printer repeats these translational and 
rotational movements. 
The system has thus recognized how the object 

moves in x and y and how it translates in x and y during 
a rotational move. This information on these moves 
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allows the system to learn trigonometric solutions of 60 
several triangles. 

Referring to FIG. 6, there is shown a diagrammatic 
representation of moves in x, y and 0 helpful in under 
standing the principles of the invention involved in 
learning the geometry of the circuit boards and stencils. 
The pattern is characterized by a center of rotation 11!. 
The apparatus may learn from looking at the stencil or 
screen driven by the stepping motors with reference to 

65 

8 
two points, such as 112 and 113, that are some vector 
distance away from the center of rotation 111. First 
performing a move in the x direction facilitates learning 
the world coordinate system and steps per pixel eon— 
firmed by a movement in the y direction. The following 
rotational moves involves taking a picture of the ob 
jects, such as H2 and 113, after an incremental move in 
one direction, typically counterclockwise, followed by 
a move from the position in the opposite direction 
by the same increment from the position, typi 
cally clockwise. The moves in the x and y direction 
basically de?ne right triangles having a hypotenuse of 
magnitude corresponding to the square root of the sum 
of the squares of the incremental displacements in the x 
and y directions. The angular displacements effectively 
create two isosceles triangles from the shifts about 
points 112 and 113 with the center of rotation 111 being 
the common vertex for both isosceles triangles. The 
invention facilitates learning the geometry of the board 
by looking at only two points and making moves in x, y 
and 0 directions for each of these points. 
An operator may select any target point that appears 

unique on the board such that it may be distinguished 
from other target points around it, choose a second 
target point similarly distinguishable from other sur 
rounding targets, and teach the apparatus the geometry 
of the board such that when any circuit board enters the 
apparatus out of line with the stencil, the video probes 
looking at the board automatically download the proper 
x, y and 0 moves for the stencil to bring stencil and 
board into alignment. 
The operator thenrotates both probes to look down 

at the board. Looking now at the board, the system 
learns the pattern on the board which correlates with a 
pattern on the screen. The operator has then completed 
the automatic setup. 

It may be desirable to modify this procedure slightly. 
For example, it may be desirable to rotate the probes to 
look up again after the system has learned the circuit 
board pattern to better correlate circuit board and 
screen or stencil images. 
With the probes then looking at the board, the opera 

tor may then select auto print on the main menu, and the 
apparatus is then ready for a production run. During a 
production run, both probe assemblies index into posi 
tion after the board has been brought in, recognize the 
patterns that is learned on each of the probes and auto 
matically moves the screen relative to the board to align 
the stencil very accurately with the board. The probes 
then moves into the retracted position, printing occurs 
and the board just properly printed exits the machine. A 
new board enters, set down against the vacuum stop, 
the probes move to the extended position, the apparatus 
recognizes the patterns, downloads to the stepper mo 
tors the proper movements to align the stencil with the 
circuit board, print, exits, and the process repeats. 
As an alternative, the operator may edit a setup. If an 

operator notices that the screen printer is printing con 
sistently oil‘ the pad in one direction or other, the opera 
tor may select edit setup from the menu and modify 
where the screen printer is printing by selecting a pre 
determined direction and distance of correction. There 
after, the apparatus will automatically print consistently 
in the new location and continue to print in that location 
until modi?ed again. 
A feature of the invention is the lighting arrangement 

for back lighting the stencil. Stencils and screens are 
usually shiny or have objects on the bottom which may 
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be confused with object features to be taught. By laying 
the translucent material on the stencil and providing a 
light behind it, back lighting occurs which prevents this 
problem. This arrangement disperses the light in a man 
ner that clearly de?nes each hole in the stencil relative 
to any type of re?ective background that might occur. 

The invention has a number of features. The vision 
probes enter between circuit board and stencil and per 
form the alignment as distinguished from looking at the 10 
board outside the screen printer. 

10 
There has been described novel apparatus and tech 

niques for aligning. It is evident that those skilled in the 
art may now make numerous other uses and modi?ca 
tions of and departures from the apparatus and tech 
niques herein disclosed without departing from the 
inventive concepts. Consequently, the invention is to be 

' construed as embracing each and every novel feature 
and novel combination of features present in or pos 
sessed by the apparatus and techniques herein disclosed 
and limited solely by the spirit and scope of the ap 
pended claims. v 
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MPH GLOBAL variables, definitions 8| structures organized by PROBE 91 

HQ Q5177 

0/ 
typedef struct 

double t. y: I!» I a Y s/ 

65'’; 

typadaf etruct 

double as, ,-, 2; is X, Y, a than I’! 

d_syt; 

ll GENERAL PURPOSE POSITION STRUCTURE 0/ 
typedef struct 

P 

d_‘yt an; I. in pixels 0/ 
d_syt ml; 1' male or menu 0.’ 
d_:-yt step; I. table steps a.‘ 

mdl_OO!l.Cl-O?; 

. is HOTOR POSITION STRUCTURE a! 
type“? Struet 

d_~.yt: step; 1‘ :aole sues 0/ 

ntr_oontton; 

Is SCREEN POSITION STRUCTURE 0/ 
:ypaoef stmet 

{ 
d_xyt on; I‘ in pulls 0/ 
} 
acr_pesitien; 

l0 TRIO STRUCTURES s.’ 
typedef struct 

I 

Langle ' ‘91W: 

t_angle 'DJ‘li 
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t__angie ep_r:'.'; 
t_ang1e 'p_rt3; 
t'_angle ep_r:4' 
Lannie 0p_rt5: 

et_an9ie ep_et0; 
et_ang1e e93“; 

__ __ _ APPENDIX A 

I 
trir \rne; 

M1,? - n0" ldiLo?ilt; 1* User entered pernanen: affset. w 

nd1_poeition edit_backiaeh; _ 1'. User entereO Backlash c'arreczz-za. *1 

ll eeeeeeeeeeeeeeeeeeeeeeeeeee e/ 
In» eeeee PROBE STRUCTURE "on I/ 
III 0O.QOOQOI'OQOQOOQOOOOOQQQQOQ 0/ 

typedef struct 
I 

I. MODEL POINTERS 0/ 
cee_lnodei lndl; h -> normal 0/ 
cee_model meal; I. -> mirror image 0/ 
cee_nodei isndi; 1* screen model 0/ 

I‘ SEARCH PARAMETER POINTER 0/ 
cee_parane Ieea_parne; 

I. TRIS STRUCTURE FOINTERS 0/ 
trig_pame "193 

I» ABSOLUTE POSITION STRUCTURES 0/ 
nd1_poeiti-:n e_cart: II carteeian hone position of screen 0/ 
nal_poeition b_cart; I! carteeian none poeiti-an of boar: H 

II ABSOLUTE POSITION STRUCTURES 0/ 
md1_poeition Lhone; ll home poeitinn 01' ecreen e/ 
ndIJ-aition ' Lh-me; I. h-sne position of beard 1'! 

V l0 RELATIVE POSITION STRUCTURES ‘I 
. nd1_poeition curl; I! is: current position .1 

MLpoeition cur2; ll 2nd current poeition w‘ 
adlJoeition 61H‘; I‘ Olfflrl?tl between current I‘ mama‘. ~ 

¢_xy e_cent; I‘ Stencil uindnu center 0/ 
a_xy b_cent; 1. Board ULHOOU center ‘I 

It UNIT HEASURE VALUES 0/ 
d_xyt app; ll (stencil) Hi1 Per Pixel ( HPP ) value: ' 

/ 
double amp; I. angular HP? 1 rent eule square of ' E‘ -' - 

0/ 
d_xyt mpg; 10 BOARD HPP values ‘I 
d_:yt ' Ompp; I‘ DEFAULT BOARD I'IPP valuee ‘I 

10 MISC ‘I 

double probe_ang1a; I. pr-:-I:e angle relative to y axis-ALE: LEE: 
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I! 

I! AS TEHP STORE FOR INTERMEDIATE RESULTS ~ I 

1"‘ 9°°d_"i\’=hi I. Search flag — FALSE *I- m-zdel m: r'c-un: . / 

' in? "NHL I. Camera number. 0/ 

u_char gain; I. Camera gain 3‘ offset values '1 
u_ch c-ffset; 
u_ch.. s_ga1n; Ir STENCI. .amera gain 2‘ cn‘feec value: v/ u_char ep?set; 
u__char def_gain; 
u_cr-ar defg?uc; 

5:5; 7 dOubll 5MP“ I‘ Host recent search shape score. H 
double cant-rut; I! H-z-st recent search :c-ntraet score. 1/ 
} 
pr-:be_parm5; 

prc-be_parms :r~:-be_1, pr-:be_2; 
pr-:be_parme . 0p_prob_1, ip_pr-:h_2; 

le 

AXIS DEFINITIONS 

l/ 

la eeeee AXIS STRUCTURE "i" 0/ 
le- eeeeeeeeeeeeeeeeeeeeeeeeee e/ 

typedef struct 
( 

I. STENCIL UNIT MEASURE VALUES 1/ 
double mp5; ll STATIC llile per step e/ 

' double pas; le pixels per step ‘I 
d-z-uble map; _ I. mile per puel e/ 

I. BOARD UNIT HEASURE VALUES ‘I 
double ‘ apps; H pixels per etec ‘I 
d-z-uble camp; I. all: per lane]. .1 

mt def_cal_stepe; I‘ STATIC O -:-f steps t-z m-sve cr. cairn-11m: 
n 

in: :a1_etepe; 1'0 0 of step! to move an calzbratic-n e. 
L?t huge_etep; I! STATIC 0 0f step! t-:- mve an Lima: ‘an: 

‘I 

I‘ LENGTH OF MOVE 0/ 
double mil_del ta; _ I» in mile 0/ 
double pel_delta; IQ in cuxele e/ 
in’: etep_de1ta; I. In actor steps ( or half steps I r!‘ 

double lc-ad_errc-r; r’. board load error a! 
double p_L-::ad_err-:-r; l0 probe Mad error 0/ 
double Oltklilh_lrr0f; I. backlash errer 0/ 

mt center_-:-ffsat; I‘ 'z-ffset from center a? mun-m. ‘1 

I. Q u n - Q 0-‘ - — O Q - Q I Q - I - - - - - r v Q v I I I v ---- OI 
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.n Home mosxsn comma STRING values u' 
I. --_-------------c----DI-- I Q O I O Q I 0 -- Q’ 

. char motor (101; l0 motor number I! 

char “ _ mode ___ , __ _ _ l!0_J:___/0 INDEXER default node ‘I 

char distance £101; I‘ default distance 0/ 
char start_stop £101; 3" nun. speed for no ramp v‘ 

char velocity [10]; ll velocity in steps per second ‘I 

char ramp (10]; It ramp time in ns/U) II 
char cycles (10]; I» it of cycles ior cycle m-z-ze . 
char direction (101; _ I. + or - direction 0/ 

char - output I210]; It programmable output 30-11.‘- .H -:.r 
L l/ 

. I. .--_----------- I I O I O I D n O O IOIQnOcoc- Q, 

char mess [801; I. INDEXER OUTPUT STRING. e.’ 
.1‘ 0 Q n I I o 0 0 Q I 0 ODD‘-.- O I Q Q D I O O u o Q o .0... Q’ 

enum node_motion move_m-:'de; It node I x, y, theta or static H' 
mm node_notion nove_default; ll» default move .mzde e/ 

int limit; I‘ State of limit switch ~ ' 
int index; . Ie tate of index switch .1 
int home; I. hone position ‘I 
int delay: I‘ delay after move (soft 1:--:','.= ‘I 
J 

axis_parns; 

[e 
.------c---------- 

axis declarations 

l/ 

axis_parms x_axis ' 

~ .3, It pps Q.’ 

0.5, Ii app 0/ 

0.5, I. bpps ‘I 
0.5, I. bmpp 0/ 

LOO, It 0 default steps for cal e/ 
100, I. 0 steps for cal '1 
1000, I! 0 steps for limit find ‘I 

:0 LENGTH OF HOVE 9/ 
0.0, It in ails 0/ 
0.0, Is in pixels v 
0, Iii in. steps ( or half steps ) 0/ 

0.0, _ Ii‘ board err a: 

0.0, It probe en .1 
0.0, I‘ backlash err 0/ 

0, l0 offset from center. 0/ 

j. -----. ------ Q-‘ . - . - Q . -... a a - . a . - -- .I 

ll HOTOP. INDEX!" COHHAND STRING VALUES 0/ 
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"10“, IO motor 0 r.’ 

__ " "I ‘ ‘ l0 mode ‘I ‘ 

"l "p I. dutanu 0/ 
"100'"- h no ramp val w 

“2000", 1* "10:: :y ‘I 

"O. 75'', Ii ramp time ‘I 
"1", I‘ cyclu 0/ 
"-", Ii dirlctwn I»! 
"-", l0 dummy 2': aircczi-an - was may.“ 14“ H 

I‘ .---_--‘----.----_---.-—------_---‘ Q, 
"" ll OUT 5732306 ‘I 

I. ---o-----oo------~---.oo-c--------- Q, 

MODE}, ll» nod! 0/ 
HODE_X, IQ “fault mode 0/ 

OFF, I! Unit ‘I 
OFF, 10 and“ 'l 
1000, I0 home 0/ 

axisjarrns Luis B 
I 

0.49213, I. mps Q/ 
0.5, Iv pas */ 
O. 5, 1* app ‘I 

0.5, It bgpg 0/ 
0.5, I. has: ‘I 

10'), I. ll default an: far :11 i/ 
10:), l0 o it": far :11 ‘I 
{12100, H 0 321:: for 2am: find *I 

X‘ LENGTH OF MOVE v 
0.111, I. in ml: H ' 
0.1’), l0 in in 01s ‘I 
(I, 1' in it"! t‘ ':|r half steps 3' ‘I 

0.0, I‘ board in o/ 
0.0, I. probe In ‘I 
0.0, Ii backlash err 0/ 

O, l0 offut .‘nz-m center. H ‘ 

l. --_-----.--------.-.-... - - . . -..---- 5/ 

h MOTOR INDEXER CON-IAN]: ETEZHG VALUES 0/ 
II» 

'II‘, ll» 

.5", III. I. 
"100", II 

“2000", h 

‘0.75", l0 
. aux-l /. 

".II, I. 

med! ' 

distuz-r v/ 
a‘: ramp 4a.: 0/ 

VIE-(L1, ‘1 

"mp a.” w’ 
cycles w’ 
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"-"', _ I. dummy to dincti-Sb ~#0“ autput H/L I’! 
I. ._----- --------._-------_.------ Q, ' 

"', I. OUT STRING I! 
I. .---_------_ ccccc n0- - - - 0 u u o c n u a Q - -- ‘I 

HODE_Y, II» mad. I! 
HODE_Y, [6 default mode *1 

OFF, 10 limit I/ 
OFF, 10 indlx 0.’ 
l, h hem H 
1, I. "lay ‘I 
H 

aa-nigparms t_axis 1 
{ 

1. 

0.0004335, 
0.000258, 

I»! 11 mp: ACTUALLY DEGREES FER STE? 0/ 

0.0002951, l0 mp! ACTUALLY DEGREES PER STEP 0/ 
0. 5, I. pp: bl 
0.5, I! mpg 0/ 

0.5, II bppa i/ 
0.5, h M99 0/ 

1000, II 0 default steps for cal 0/ 
1000, II 0 atapa for cal 0/ 
20000, I. I naps for lzmt find H 

I’. LENGTH OF, HOVE 1'! 
0.0, I! in mild i/ 
0.0, I! in pulls I! 
0, - It in "up: ( or half stlps ) 0/ 

0.0, 1' board arr ll 
0.0, 10 probe arr 0/ 
0.0, ll backlash arr 0/ 

0, II offs" from CIIHQIP. 0/ 

I. -.a ---- -~---..-_-.---. ----------- -- 5/ 

II MOTOR INOEXER OOHHANO STRING VALUES 0/ 
I. _----................_....I .Qoncnc. ‘I 

‘I2’, I. motor I 0/ 

"S', I! noda a! 
'1', l0 diatanca ‘I 
‘100', I. no ramp val 0/ 

‘3000', ll valocity '/ 

‘0.25", I0 ramp tin! ‘I 
"1", 1' cycles 0/ 
"-", I! diracti-an .1 
M", l0 dummy 2-: dzrution - was Qutput H". ‘I’ 

I. ;------—------------ ---- ---'------- H 

"", I. OUT STRING 0/ 
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HODE_..-ETA, 1. mode '4/ ' ' ' 

HODEJHETA, I. default mode 0/ 

OFF, Iv Hm: '1 
OFF, /0 xndey. n’ 
10400, ll home i/ 
t, l0 delay 'I 
3; 

‘a:§_is_pams lp_:~_a.~.-u. '9_y_a:us, ‘LL-ans; h -'r- AXIS ETFIL'CTS # ' 

faaoeeeeeaaeeeeeeeeeeaetime‘.0eeoeoeeeoeeeoeooeeoeeoauweoooeooooao¢oo 
r ccnhv ' Dec. 58 
Q 

0 CCC InterFace Pointer Device 
0 

Znit the P-nnter Device parameter strucwtures. 
NOTE : The nul 13 zndxcate that the trackball processes are bean; 

perfc-rmed on the frame grabber ( caq_mode, :aq_ma';e I. 

:;f_fg_cursc-r ' czf_make_curscrI'NULL, NULL), 
c~.f_fg_ga:.n-:ff ' cif_mak,e_ga1noff(NULL, NULL) ; 
czf_fg_spln ' cif_make_split(NULL, NULL); 
czfjgymuou = cif_make_uznd-5ul'NULL, NULL, NULL) ; 

If ( :1f_iv_uind-:U 0) cif_fg_uindou-:function_iv ) -;":-:1-Jr I CAOJLINK; 

[o 

-.-------------------------.---._--.-_---------.-----._ 
COHHONLY USED ARGUHENTS TD "Pointer Device‘ FUNCTIONS 

e/ 0 

14 The default uznaov nf_pd’s mage buffer. ‘I 

Mefine IMAGE (((cif_iv_ulnO-:u e) cif_fg_umdou->function_iv) -::-1.nuuf:' 

I. Cursor :OJrOinates. H 

ldefme CURSOILX (:1f_fq_cursor-I>x) 
ldefine CURSOR_Y (cif_fg_curs-:r->y) 

Odefine NINOOILX (ci f_fg_uindou->x) 
Odefinl WINDOW)‘ (:if_fg_uindou-I:~y3 

umoowg: - 22a; 
wx~nou_v - 114; 
ll 
-’----¢-----—--------------_.-.-nu-qauunu-qc 

HACROS FOR USING "Painter Deuce‘ FUNCTIONS 










































































































































































































































































