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57 ABSTRACT 
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. 

14 Claims, 3 Drawing Sheets 
Microfiche Appendix Included 

(2 Microfiche, 155 Pages) 

SCREEN/STENCIL 

HAROWARE 
INCLUDING 
MEANS FOR 
COMPARING 
MAGE SIGNALS 

  



Re. 34,615 Sheet 1 of 3 May 24, 1994 U.S. Patent 

SCREENMSTENCIL 

HARDWARE 
NCLUDING 
MEANS FOR 
COMPARING 
MAGE SIGNALS 

  



Re. 34,615 May 24, 1994 Sheet 2 of 3 U.S. Patent 

33 
CAMERA 

33 CAMERA 

34 
HOUSING 

  



U.S. Patent May 24, 1994 Sheet 3 of 3 Re. 34,615 

  



Re. 34,615 1. 

WDEO PROBE ALGNNG OF OBJECT TO BE 
ACTED UPON 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

A computer program listing is set forth in a microfiche 
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 
specific operations on the specified points. A specific 
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., 71 West Street, Medfield, 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, cernet 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 
fixed 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 prefera 

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, first 
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 6 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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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 specific aspect of the invention, a 

positionable base supports a video probe. This base 
is formed with at least one and preferably two slots 
having a generally horizontal leaning portion with a 
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 
specification 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 fiberoptic 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 and 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 significant features and angular 
orientation in azimuth, conveniently referred to a 6 
geometry. The apparatus then determines an accurate 
"home" position for the screen/stencil in relation to the 
circuit board then positioned on base 11. The offset data 
corresponding to the difference in x, y and 8 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 con 
pletes four steps, pressing a single button 14 on teaching 
nodule 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 signifi 
cant features of the circuit board and corresponding 
screen/stencil. The operator then teaches these board 
patterns. Using trackball teaching nodule 14, the opera 
tor moves joy stick 14A to define 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 6 geometry; automatically downloads 
offset data for x, y and 8 for alignment purposes. The 
operator then rotates the video probes downward 

35 

55 

65 

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 9 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 24B 
and 25B, 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 Wolpie 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.S, 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-cone 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 64drives 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 44B that engage the left 
and right arms 71 and 72, respectively. These arms 



Re. 34,615 5 
accommodate four rollers, a trailing pair in openings 
71A and 72A, and a leading pair in vertical slots 71B 
and 72B. 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 offlow 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 notion. 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 firmly 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 51, respectively. This posi 
tion is then readily repeatable. 

Left and right fiberoptic supports 85 and 86 are con 
nected to left and right links 62 and 63, respectively, and 
carry fibers optics (not shown) in parallel to the Volpie 
intrascope. This arrangement with fiber 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 
fiber optic supports 85 and 86 to slots 71B and 72B 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 significant 
free floating. 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 assemi 
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 specific 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 fingers allows the operator to move the 
window within the field 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 8 in addition to rectilinear movement 
in x and y directions. 
The light source is preferably a high intensity light 

coupled to the fiber optics. These fiber 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 specific 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 configuration 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 prompton the menu. That 
prompt directs alignment of the second vision probe, 
such as the one on right assembly 13. The operator 10 
aligns this second vision probe in substantially the same 
manner as the first and again presses button 14A 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 8 push button controls on the ASP-24 ma 
chine. The operator positions the overhead structure in 
x, y and 8 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 field 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 fine 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 first 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 defines 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 confirm 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 8 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 111. 
The apparatus may learn from looking at the stencil or 
screen driven by the stepping motors with reference to 

65 

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 con 
firmed by a movement in they direction. The following 
rotational moves involves taking a picture of the ob 
jects, such as 12 and 113, after an incremental move in 
one direction, typically counterclockwise, followed by 
a move from the initial position in the opposite direction 
by the same increment from the initial position, typi 
cally clockwise. The noves in the X and y direction 
basically define 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 8 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 circuitboard enters the 
apparatus out of line with the stencil, the video probes 
looking at the board automatically download the proper 
x, y and 6 moves for the stencil to bring stencil and 
board into alignment. 
The operator then-rotates 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 no 
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 of 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 modified 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 defines each hole in the stencil relative 
to any type of reflective background that might occur. 

The invention has a number of features. The vision 
probes enter between circuit board and stencil and per 

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 modifica 
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 

form the alignment as distinguished from looking at the 10 and limited solely by the spirit and scope of the ap 
board outside the screen printer. pended claims. 
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MOTOR POSITION STRUCTURE e?' 
type def Struct 

d. Yyt Step A 8 tace Steps f/ 

Atriposition; 

SCRSEN POSITION STRUCTURE a 
typedef Struct 

K 
dxyt 92 we in pixels a 
X 
scrposition; 

TRG STRUCTURES 8.' 
typedef Struct 

P 

tangle epr to: 
tangle •p-rt; 
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targe Pr; 
tangle wp:r tic; 
tangle pred 
tangle prtS 

et-angle peto; 
tangle pett 

4 x 4 on APPENOX. A 

X 
trir rRS 

andl... . tion editoffset; f User entered periaanent offset. , 

Adlposition edit-backiash; f User entered backlash correct. , 
f speed:00-8008484. A 
A de PROBE STRUCTURE did 
A sold 4-08-00-00--0. A 

typedef Struct 

/ MODEL POINTERS / 
Csodel and l ; f X roraal. A 
cseriodel nindl / -> airror image / 
CSR00el Sindl f screr 3d M 

fe SEARCH PARAMETER POINTER sy 
CSpara?ins Sea?paras; 

W TRIG STRUCTURE POINTERS sy 
trigparas trig 

f ABSOLUTE POSITION STRUCTURES / 
andl position S. Cart f Cartesian home position of screer / 
adl position b. Cart; d. Cartesian hone position of board of 

ABSOLUTE POSITION STRUCTURES A 
and position Shone A ho?e position of Screen f 
and position the ?e ho?e position of board A 

A RELATIVE POSITION STRUCTURES of 
adl position Curl f list Current position of 
andlposition Cur ?t rid Current position of 
Adlposition diff ?t difference between current & rai o 

dxy scent ? Stencil window center of 
dxy bcent ft Board window center 8/ 

f UN EASUR VALUES A 
dxyt app f' (Strei) il Per Pixl ( MPP ) was 

A. 
double anppi Me angular MPP - c root sua square of t . . . 

dxyt bippi fo SAR PP valug of 
dxyt Capp; fe EFAUL BOARD PP was if 

to Sc f 

double probeangle; / prote angle relative to Y axis AS 3 
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?' As TEMP STORE FOR INTERMEDIATE RSS 

ift goodSearch * Search flag - FALSE s. n.del not : 
it Camera A Ca?era number. A 
Char gain; Camera gain 3 offset Val is a 

uch &ffset; 
ch Sgain / STENC. afrera gain offset values ov uchar Soffset 

uchar defgain; 
uchar defffset 

s: double shape * Most recent search Shape Scer. 
dible contrast; 3s recent search ?trast scre. 
probe paras; 

Probe parass Prebe-1, probe; 
Probe parang P-prob- p. Prab; 

A 

AXIS DEFINITIONS 

A 

tit- 8-4-0 seas d 
f the AXIS STRUCTURE sess sy 
A test ---seedoes esses f 

typedef struct 

r 

/ STENCIL UNIT MEASURE WALEs 
double aps 7 STATIC mills per step of 
dble Pps Pixels per Step a? 
double App / is per pixel of 

A BOARD UNIT MEASURE VALUES sy 
double bpps; A pixels per stet of 
Guble Capp; fails per pixel of 

?t defical steps; STATIC &f steps to ave in Sir Er: : 
f 

int Cal Steps; f of steps to have in Calibration 0. 
t huge Step; / STATIC of Steps to invenis - d 

4 - LENGTH OF MOVE a 
double fail del a / in ?ails. A 
double Pel del ta; / in pixels f 
ir Step delta; i? notor Steps ( or half Steps of 

double cader rer; beard load error a 
double Plader rar; A probe load error of 
double backlasherror; A backlash error / 

center:ffset; f ffset from center rter of 

A as a r s a as is a s s o a dif 
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OTOR NOEXER COMMAND STRING VALUES sy 
M - - - - - - - - - - - - - - - - - - - - - - p is us is 

s Char footor (10) M. Anotor far / 

hir. . node --. . . . . (10/e INDEXER default age f 
r distance (l)); A default distance a 

car startstop (10) " Aar. steed for to ran 6 

Chr velocity (1) / velocity in steps per secord 8/ 

char ra?p (10); / ramp time in as?o a 
char Cycles (10); At of cycles for cycle in o. 
Char direction (10); A or directier a? 
Char - output (0); / prografiable output J - : 

f 
. As a sasa assos ssa or se - a -s as ess as a so as 

Char an (80 ?t INDEXER OUTPUT STRG. 
da e s - - - - as as a as a a a a s ea is 

enuin nodemotion noveland ? Rode s x, y, theta sr static / 
enuin nodenotion novedefault f fault Row in 4/ 

in i?it at State of line switch e 
rt index At State of index switch of 
rt hone f's home position a 

int delay / delay aftar move (S&ft ::: ; 6 

axis paras 

A 
is so sa as a as 

axis de Clarations 

f 

axispar as x-axis 
K 
O. 4923, / aps 0/ 

- O.S, A pps 
..., a app a 

O.S, f bpps da 
0.5, fe banpp f 

OO A default steps for call M 
OO / steps for ca. A 
OOO, MV steps for lait find / 

ENGTH OF MOVE / 
O. O. W. if il M 
O. O. A in pixel S ef 
O / in. steps or half steps ) 4/ 

Q. O. f eart e. 
O. ) M probe err 
O. O. A back as err ef 

As offset frn center. Of 

as is is sess as (s ed Y > 0 }. A a a f 

fe MOTOR INDEXER COMMAND STRIMG VALUES of 
a as as a a e X > b d b to an e o is 8A 
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evo", A notor e. 

a. S. ?. node 8/ 
* , A distance of 
1oor- At no rap wa 

"2000", a velocity sy 
"Q.75", a ramp tiane s/ 
"i", A cycles a 
"-", A direction of 
"-", f' dum?y to directin - as itput H. A 

f' - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (A 
re, f OUT SG A 

A r-ressessess ss as e s - a -- - - - - - - - - A. 

MODEX, we node 0/ 
MODEX, a default node of 

OFF, f in it of 
OFF, f index 0. A 
1900, A his fif 

delay ef 

axis Paras y axis is 
P 

0.4923, mps / 
D., /V ppg f 
C. S. fit app 0/ 

O.S, M bpps 
0.5 f baptic 6. 

1)), / default stats far a sy 
c), A Stets for s a 
too, * steps for at find a? 

- . SNGTH OF MCVE sy 
... , fe in n. A 
. . ?t in P cells a 

if Stag ( or half Steps / 

0.0 ?' board re ev 
... O A probe err a 

O. O. A back as, err of 

O / offset rsh enter i? e 

f essess as posses - - - - - - - - - - - - - - e i s so A 
/ OTOR INDEXER COMArar rairis AuEs 
?t as as - - a s- - - - - - - - - - as - - - - - - - 

r/ir, f isotor a . 

"s", ?t anode 8 
, A distr.: of 

"or, a ran of 

"Jo" We waise: , , 

ro. 75r, ?t ramp the 
- " ", fe cycles of 

"-", A? direct in of 
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---, dunay to direction - was output H/L of 
f one aao asssssasses asses - as a - - - - - - - - 

rr, A U SR.N6 ev 
so so so as os as sala a is a a as as a 

MODEY, a node 
MODEY, /8 default node 8/ 

OFF, f i?nit A 
OFF, Ale index 

A hit . 
l / delay / 

axis-paras taxis 

O. 000388, 
a? a a nps ACTUALLY DEGREES PER STEP is 

O. OOO3e aps ACTUALLY DEGREES PER STEP / 
O.S, A pps 1 
O.S. A npp. / 

O. / bpps M 
O.S. ?' brapp / 

O A default Steps for call a 
OOO, ?t to staps for Cal a? 
200OO, A Steps for at find 

?' LENGTH OF MOVE A 

O. O. A in pixels / 
O fe in Steps ( or half steps ) / 

O.), We board Orr M 
O. O. A probe err w 
O. O. A backlash err i? 

O / offset from center. M 
as a as a so . . . . . . . . . . . . . . . . . . . . was - as 

f OOR NOEXER COMAND STRING VALUES / 
to is noasaoa as a os soooooo ea as a a e o so as as a BA 

rv2, f factor A 

rs, A nod. A 
r1, f distance A 
roo, A no ranp val f 

3000", f velocity / 

"O.2". A ramp time f 
"1", fe cycles 9/ 
-", f directif f' 
-", fe dunny to direction r was output 8 

wis ------------------------- as a so as a 
wn, Wu UT STRING A 
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MODE.ETA, at node of o 
MODE THETA, / default mode if 

CFF, A in f 
OFF, A n x 
1040, A hone / 

a a lay w 
; 

is is-Parns Psaki S. Pya Kis P-t-axis; A 6 - Axis SUCs 
a 0-tette 40tette the fett Pet bettested 800easessesssss 
f C. f. v. Dec. 39 
(s 

CCC Interface Pointer evice 
s 

essee-state ----------titt the 4t---00-00-deepests sease. 

v DEFAULT FRAME-GRABRER CiFPD'S / 
cifpd PCiffg.cursor 
C. f.pd Ciff gigaindff; 
C. f.pd CliffgSplit 
:: f.pd Ciffg. Window 

nit the Pinter Device parameter Structures. 
NOTE The nulls indicate that the trackball processes are a gir 

performed on the frame grabber caqnode, caqi naga I. 
8/ 

c:ffg. Cursor is Cif make cursor f NULL, NULL); 
c: fifgganoff s Cif ?hakeganoff (NUUL, NULL); 
C. ff.g. Split s Cif makeSplit (NULL, NULL) ; 
Clf fgwindow Cif ?hake window (NULL NULL NULL) 

( clfiv. window cliff.g. Vindow-function iv ) - color a CAGLINX; 
16 

COMONY USED ARGUMENTS TO "Pinter Devic" FUNCTIONS 
ep no so as a a as a as a is a as a as d X P 40 is a w8 as 

e/ e 

f4 The default window Cif pd's image buffer. 8/ 

it define IMAGE ( ( (cifiv. window ciff gwindou-Xfunction iv) -- in buf 
74 Curgsor coordinates. P/ 

define CURSORX (Cliffg.cursor --x) 
define CURSORY (cliffg. Cursar -y) 

define WINDOWX (ciff window-Xx) 
define WINDOW.Y. (Cliff.g. window-y 

WINDOW.x s 238; 
WINDOWY is 174; 

see s an a so a so o go o o so as a so e o as oup in an o use 

MACROS FOR USING "Pointer De Ce" FUNCTIONS 

VAWWVAVAVAW/M/V/M/f VAWAV/M/V AVA 



Re. 34,615 

: BALL e 

O 

: 
o 

O O s 

: 

as a sah to up on to a us 

es 4. 4 4. 

4 + + 0. + 3 + 
de p 4. te d s 

d is up she ch as a tad who sap 

s 

w 
Change Site or position of the Sox. 

ley 2 alternates position and Si Se aides. 
ey 1 to exit. 
Key 3 unused. 

W 
define BOX Ciff window - xio 189 cliff gwindow-Xxhi s 343; ciff gw 
rack cliff.g. window) : X 
af 
it define BOX 3 cliff.g. Vindow-track (Ciff gwindow) 
ildefine BOX 

A 
Position a crosshair. On real time Anage. 

Any key to exit. 
W 
define CURSOR cliffgcursor-strack (ciff gcursor) 

Position the videO Split Catin. 
Any key to exit. 

d 
tdefine SPLIT Cliff.g. split - track (citfgsplit) 

f 
Change the Canera gain and offset. 

Moving the ball horientally Changes the offset 
roving the ball vertically changes the gain. 
Any key to exit. 

define GAINOFF Ciffggainoff-Xtrack (ciff gigainoff) 

UTTY MACROS 

W 

MC Display the box Outline Suter inp:Sed on a real tire image. A 
define RT Cif real ti?ne (1, C. f. fulfidow ; 

M. Vanil a real ti?se; in b8. if 8. 

a do a 
as a stup a was . S 
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define VRT cifreal time co, c. ff.g. wandau) 
fe agnify the box in the Center &f the screen. / 
define Cifahagnify (8, Ci indu ; 

a * * * v- w is a 

Cliff guindu i s 447 

A 404 - 40 440 dead 
* CCC.pdStart 

. 

Custon Pointer Device start rutine for windowing with legend. 
ra 

80-400 dode 80/ 
void CCC.pd Start ( x, y, pp.d' 

register int x, y, 
register Cif pd ped; 

cipbuffer tiny Curser; 

if ( p.pd ) cc terror ( C3ENERRBADARG 
W 

if real ti?e 1, pp.d 

CacPut 
caq constant CAGPASS 
groutline IMAGE, CAGBLN') : 
caraphics () 

urass ( NOOP, " at TEST MESSAGE 84 CUSTOr CURSOR be TEST MESSAGE as " . 
f 

cgr&utline ( ( (cifiv. window Ciff guindow a function iv) - incuf, CAGBL: I. 
as 

Caspu ( ; 
circut line ( MAGE, CAE LIN 
car aprics () ; 

A. 

C. ff. windcu - Start CCC.pdStart; 

400-40 8000. 

o find center 
s 

d Calculate the Center f a 'iser defined window. 

act (died -- a---4--- 

vid find center ( p window 

dxy PWind' : f - probe struct. A 

ift X y 
double fx fy, f-, eight, Xcent Y Cent; 

OX 
fy a ciff gwindow w; 
fy s cliff windiv, Y; 
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fwidth s IMAGE-swidth 
fheight AGE. ×height; - - - - 
pundous 'sc (fvidth / 2.3 ) . 
pwindow ->y fy ( f height / . . . ) 

printf f "Center zf, f\n", P-Vindou-Xx, p. vandow-y 

/40 ft 00000 ft 80 00080808 essesses 
t ge. v s '3 Jan. 

M 

e PM geometry functions. 

eneeeeeeeeeeeeeeeeeeeeeet 080000808044094-00000espessesssssy 

A do 04 4-4444 
test pseudo 

as 

t ge. V 3 Jan. 88 
ea 00 0.4d 48004 he - d.d? 

void test pseudot 
Y 

vid doge&fn ( ), Shou-geon(); 
Void ps Cadd, PSC in it ( ), pSCfwd (), p Scre' ( ; 

double w Y, p. x 2-y 

ppseudo s pseudos 
p. x s kx ply &y 

printf ( " - a - - - - - - - - - - - - - - - - - - -ass as a rares assasses sooooo-o-o- - -ao - a--as-a- - - - - - - - - - 
--vn" ) ; 

psc.ini t ( p. pseudo g - 
and escale = CN: pSC add S. 70 5. O, t. , 14.3, ppseudo ; 

pSC add ( 1.0, 3.30 - 13.5, th.3, pps.us : : 
digen ( p. pseudo 

... show.geon ( p. pseudo 

ps Clinit ( PPseudo 
mode scale ON pSC add ( 3.0 S. O. 4. So 6.3, p. pseudo ) 

pSC add ( -s. 0, 3.0 - 9) .70, pp.S8-ud 
dogoa ( p. pseudo 
showgeon ( P-pseudo 

pSC init ( PPSeudo 
nodes cale ON pScadd ( 6.7, 15.2O, 1. O, 2.0, p. pseudo ) 

pSC-add ( - 4.70, 9.80, -10.0, 10.0, p. pseus ; 
dogeoa ( p.psudo 
show.geon ( p.pseudo 

ps clini t ( p.pseudo 
nodes cale ON ps cadd . , -12. , i. 1, 1.0, P-PSwdo 

pscagd ( -10.0), 10.00, 10.0, i.), pp Suc: ' 
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wes 

dog of ppSudo ) 
showge?t ( p.pseudo 

pSC init ( P. pseudo ) 
node-scale is ON: ps Cadd . , i. i. 23, 12.00, -1.38, p. pseudo ; 

Pic-add 0.00, 3.33, -1). 33, -3.3e, ppses 
st Weifr ( p - ud 

pScinit ( p. pseudo ) 
anodes cale s ON pSC-add it. , 12.0, . 1.00, 12.00, Pts uco i ; 

its c-add 10.0, 10.0, 19.91), -), ()(), PCSI: ; ; doge?a ( p. pseudo 
show.geon C Pipseudo 

pSC in it PPSEudo 
and Scale s N pSC add ... O 12.. O B. () - 18. , Pip Seu do 

pSC-add ( 10.0, -10. 0, 10.00, -1.00, p. pseuci: i ; d&geo?n ( p. pseudo . ; 

pSC init ( p.pseudo ); 
acdes cale ON; pSC add 12.9, 1.0, . C, 1. Oo, pics eudo 

pSC add ( 2.0, 2.0, 1.0, -13. 9, pp: : " : doge? ( p. pseudo 
show.geon ( p.pseudo ) 
d 

printf f " - as as an a - us as as a s a un ess as a a as elepa see a ape o a do a Ps Pt - P - Y be do up so up Os - es do to up to de sea as to a us as a 

--\n" ) 

pScinit ( p. pseudo 
R&de. Scale ON pScadd 12.0, -12. Q, 3.00, 13.00, p. pseudo J.; 

pSC add ( 10. , 10.0, 10.00, 10.00, p. pseud: , ; 
dogeon ( PP Sudo ) ; 
Showgeon ( PP Sudo 

pScinit ( p. pseudo ) 
addescale s ON pSC add ( 2.0, 2.0, 18.00, 18.00, p. pseudo ) ; 

pSC add c. 1). O - i). O, O.O), . )), ppseud: ); dogeon ( p. pseudo 
Showgaon ( p.pseudo 

pSC init ( PP Sudo ) 
node. Scale ON: PSC add ( 2.0, -1.0, 2.00, 12.00, p. pseudo ) ; 

pScadd ( 1.0, 0.0, 15.00, 15.00, p. pseud: ; 
dogeoa ( p.psudo n 
showgeon ( p.pseudo 
w 

print f ( " - a - - - - - - - or os s - - a so on a s - - - or o a as as as ess as as as so on apse is us or a so as as s - - b. O p q to a do e o do so 
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--vn" ) 

f 
print f ( "--- THETAYES -- XYES -- YYES -- SCALE YES -- ouADs --vn" M 8-de" s 

/ 
pScinit ( PPseudo 
acades cale s ON ps Cadd ( 1.0, 0, 6.70, 15.20, p. pseudo 

pSC-add 10.0, 10.0, - 4.7), 2. S.), p. pseudo 
doe? pseudo 
show.geon ( p. pseudo 

pScinit ( p.pseudo 
accescale a CN: ps add ( 1.0, 2. O, S. 70, 15.20, p. pseudo ); 

pScadd ( 1. O, 10.O. 1.7), 3.30, 9. Sid 
doge?n ( p. pseudo 
show.geon ppsaid 

ps clinit ( p. pseudo 
nodes cale ON ps cadd ( -12. , 1.0, -5.70, -15.0, p. pseudo ); pscadd (10.0, -10.0, 14.70, -2.99, -psia: : 
dog-?n ( p. pseudo 
show geo?a ( p. pseudo 

ps clinit ( p. pseudo 
a&descale s ON ps cadd ( 1.0, -1.0, 5.70, -15.20, p. pseudo 

doge?t ptsudo 
showgeon ( p. pseudo 
4A 

sasseeeeeeee-et---0 
t ris uns 

Root surn Square. 
oped died 4-H - A 

dauble r. sua Sq ( x, y 

double X Y. 

double hypotenuse; 

hypotenuse is c Sqrt( pow( x . .' P's yo ... O ) 
return ( hypotenus ) 

a passessee - 800 
ridific 

Rat difference square. 
a said d - W 

double rid if sq ( hypotenu Se Y 
double hypotense, My 

double other Side; 

ther side s . . .rt put hypotentise, p-v cy. . . . . ; 

ps cadd ( -10.), -10.0, -14.70, -2.89, p. pseudo 
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return ( hypotenuse ) 
w 

At 0--0. as 

f to cart 

r 

t = - 

Y 

y 

. th 
c or so a use as a eas a so as a to as so 

& 

p date ed 94 0-0 edge of 

'big ts. Cart radius, theta, P& ty 

double radius, theta, p. x 4 ply; 
: 

p. x = ( radius Cos ( teta RADIAN 
tply s ( radius it is in theta RADIAN ); 

teps g 

py. 
A. 

ta ( theta A RADA 
) ; 

A 8-4 - 4 - to 

radius 
tita 

Polar to Cartesian Cordinate transformation. 

sc r eig , 

y a r in 

r s Sqrt ( x + y 

tan th E v. y 

8 topolar 

Cartesian to Polar : ::, rdinate transformation. 

r radius 
th at the 

: 

s 

s 

Y 
f a 

a / 
{ 
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wild tsp lar ( x, y, prad its pitheta ) 

double x, y Pradius otheta ; 

double tan-2-ang(), risian Sq ( ) 

pradius r-sur-Sq( x, y) 
epitheta s tan-2-ang( x, y 
ty. 

was es-de?--4--- 
t PS Cirit 

st-to-4-04-d. f 
wild pscinit ( p.ge? 

pSC.gon P965 

pean->pcount is . 

pigeon -> x1 0.0 
pigeon -> x2 = 0.0; 
pigeon XY 1 s . ) 
pigeon-XY2 O.O; 
t 

sea-----------------000 
t pScadd 

see-to-00---4A 
void pscadd( x, y, xP YP P-gla? 

pSC geo?. p.get? 
double X, Y XP, YP 

pigeon->pcountti 
if ( pigeon-dpcount as 

pigeon->x x 
pigeon-Xy Y 

if ( pigeoa->pcount s 2 

pigeon-w 
pigeon Yy 

a 
y 

A oboedo e 40een ( - d - 

t tarian 

seas a 68000 - 6898000000 / 
d:uble tan-ang y 

double Y 

pigeon pl 
pigeon->ypi 

36 



Wid Cal Coffsets ( pigeon 

PSCO pigeon; 

s 

radius pigeon X radius.n 
the ta. p.g. the tar; 
the tap Pge--- the tap 
ta 8 p.geon the ta; 
slopen a pigeon-Slopen; 
Slopep pigeons ope; 
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double tandegi 
double t tant 

tant y / x 

if i tant x . . ) 

tint ( 1.0 ? tant 
t tardeg ( tant 
t = ( ; 30.0 t 

f 

if tant c s - i.) ) 

tart E. ( .. O tant ) 
t tan2deg ( tant 
t a c ( -30.) > t ) ) 

f 

else 

t tandegi tant ) 

/ e : " : " : TEMP - DIRECT STRUCT REFERENCES - TEMP sy 
f 

if c p-pseudo->quadnus 2 ) ( t a go.o. ) 
if p-pseudo->quad nu?a ss 3 ) ( t + s Leo.o. 
if P-pseudo-quadnun is a 4 ) ( t is 7o.o. 3 

A. 

return ( t ) 

At 8:00-04. a His 
• call Coffsets 

s 

40 best 4440.444/ 

double theta radius, the tan, the tap, slopen, slopep; 

pigeon-theta-snly s (thetan - theta; 

plgefn-offs y = 
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At 0900-40000000-se 
dogen 

0000000-00-4000e-a-sees/ 
Void dedic pigeon ) 

pSC&fn pigeon 
S. 

double tan--ang, r-sun Sq ( ); 
wold to Cart ( ; 
double natural crine 

pigeon--difix s ( pig-in x - pasan- ; ) ; 
pen-difx p ( pigeon.' p pigeon-x pi ); 
poin-Ndify pen y pigeon - yi ) ; 
Pe?n-2 difyp ( Pge A.VP p.g.a?hxyp ); 

sons: Slkpen tands'. p-ge? dify pigen-3 difix . ; 
a 

PS9. 
pige:?n-Xslopp s tan-deg ( P-geo?a difyp / plgeo?n-difix p ; 

natural s r. Sun Sq ( Pigeon difx Pigeon->dify J 
pri?ine a r.sun Sq ( pigeon difx p, pigeon->difyp 

pigeom->scale prine M natural ); 

pigeon-stheta = c pigeon-slipsen - P-geom-slope-p D 

pigeon-X hypot s r. sua Sq c 'p-se:n-v 1), pigeon-Xyl) ; 

A 

Convert natural and prime : ...S. to polar Coordinates. 
M 

A UAO f 
if ( pigeon -> x1 x 0.0 && pigeon->y d O. O ) ) 

K 
pigeon Xquadhum s : ; 
quad ( Pigeo?h 

fe JAD 
else 
if Peon - '' . . . . . ( p.gera -- yi . . . . 

pgear Guadnua 
quad. pewa 

A OUAO 3 / 
gel se 
if pe:?n- . 1 . . . . pigeon-Yi . . . . . 

W 

AM pe?n- Guadnum 3 
S. act ge'? 

'0 JAO N 4 - 7 
e Se 
if plgem - X . . . . pigen - Y . . . . . 

s 
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Winoo-0004-08-044800-89-04484.8484.88894.d480-89848-4044008-000000000 
st-d dd if it 8 g { dad hidde died deal edd4 4th ttf-01 

Masov-0000004-0-0-0 Qaedo 
8 ge-finit 
th 

d Init geometry structures and pointers. 
h 

a a 844. 484-44444 44 g/ 
vid gestini : ) 

v. Nass44-4-4s-444444444448 
t rtinit s 
a 

Init geometry structure. 

Nass 460800-f 
tangle artinit( P_rt 

tangle prt 
P 
W 

if ( prt ) 

free prt 

prt ( t-angle) cvical loc ( sieof ( tangle 

prt ->SIDEA O.O. 
prt-SIDEB as O. O. 
prt-xHYPOTENUSE so. 0; 
prt-> AACUTE s 0.0; 
pr t-xAOBTUSE 0.0; . 
prt-xARIGHT s 90.0 

return prt ); 
9. 

A sesseesweeeeeeeeee-ee 
0 et init 
8 

fit one try Structure. 

44 see 44000 000/ 

a tangle tet init ( p. et 

et-angle pet 

if pet 

frege ( pet ; 
w 
A 

pet s esngle Cwcal & C site of ( et angle 

tet - SIGSA s ). 
pet-i-SIDEE s (, ; on 
tet - SDEC s ). 
petr. ANGLEA s . ; 
pet-ANGLEB s ).) 
pet-ANGLEC 5 (. ); 
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get char () 

M-4---00--- 
f CcpSiangle 

Caput floating point angle between tuo cartesian Coordinate 
systies. 

ta-yat-e- it do it 
fe . . . . . . . . . . . RETURNS ANGE I: RAIANS ". . . . . . . / 
double CCPSiangle ( Pigeon 

cpSigeon pigea 

double a tan(); 

returncatan2( CIA FLOAT16c p-gean-> fud.yx. n), CIA-FLOAT 6c p-gea - twd. xx. F. 

A sease-----0-09 
it geo?tatest 

as a TEP FOR TEST co 

as sited 40-400 f 
void geomtest ( ) 
A. 

Mass-ass-to-08 - 0 
TRGONOMETRY FUNCTIONS 

speed 888 - (-t? 
A seased 8 to do to 
e shot rig 
d 

beated 400000808 d.d. A 
viid shotrig pirt, pet 

targle pr; /4 - Stri: : angles & ites :f s right range. e. 
et angle eplet; / D - struct :f angles & S.2 s sf an egui atarai tria;... • 

dub le faultiplier 

in tellier 1. 
if repunit is is ODE1 CHES multiplier a lit.' 

: pet . 

print f ( " a s f", ( prt --SIDEA fruit clier 
printf * b. s if ", ( p r t-SIDEle nultipler 
printf h is if ", prt-HYPOTENUSE : ); 
print f ( " A a zf ", ( pir t->AACUTE 
print f ( " O s f\n", ( prt-AOBTUSE ) 

se 

printif ( " E if ", , pet --SIDEA a faultilier 
print f ( " b s Xf ", ( pet --SIDe A final tiplier 
print c s if ..n", pet -. ScEC / Alter 
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print f ( " As f", ( at-SANGLEA ) 
print f ( " B s if ", ( pet --ANGLE.e. ) 
printf ( " C s fr", pe. --ANGLEC )) 

fade b al---4------- 
tandege 

find ( 0 to deg angle given tangent using grass approximat::n 
followed by Sicisive approxianation. 

adapta 40-f 
double tan2deg( tan in ) 

double taining 

int i 
double angle; ?t Result in degrees. / 
double angle i? Angle increment value. A 
double difference; 
double tanapp r. . . it if, tain. Sign 

angle s 50. Of 

if c fabs (tanin) > 0. J . . . its' tan in g is 0) ) 
a 

tan sign s 1.0 
if ( tan in < ... O ) 

tan sign . . ; 
tan in fabs ( tann 
w 

if . . fabs tar. . . . . . . 
W 

angle s tan in 48.75 ); '? Gross angle a prisixianation of 

if fabs tani n) - 1. 48s) ) 

angle s 60. . . ; 
A. 

if t t fast tani n) > 2. le) : 

angle s ( .. 5 
w 

V if fabs tan in jugs) 

angle a f 84. . . ; 

fir ( i s (), angle-in c s 5. Oi i to it, angle r s angle inc 
e 8 

C", i. printf "ang zf tan in E if tan s if \n", an: , tann, tarap 

tan approximatin a tan arge a RADIAN 
difference a tan approx ?nation tanan 
if t t angler c s s . . ) 

W 

break ; 
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if c ( tan-approximation g tan in ) & ( angle in c > EO.O ) ) 

ngle in C ( angle.inc. ) 

if t c tan-approximation tan in 2... ( ange inc so. O 
W 

angle-inc ( -angle-inc ); 
X 

if ( fabs ( difference ) < 0.000001 ) 
p 
A. 

break 
} 

angle.inc. ?s 1.5 

W 
printf ( "ang if tan in if tan zf\n", angle, tan in, tan appr:::ina 

tion ) 
printf ( - so-o-oaaaaaaaaaaaaaass so soon or wn 

print f ( " ang s (f iter d\n", angle, i ) ; 
1A 
angle s ( angle tan-Sign 
raturn ( angle ) 

foot-to-4-a-dd 
CS5.2deg. 

Find ( 0 to 45 deg ) angle given Cosin using gross approximati:n 
followed by Su Cessive approximation. 

8 sea 4 passed 800000000/ 
Sl? ess 'eg ( c.g. in 

double C.S. in 

rt i 
double angle ?t Result in degrees. / 
double anglein; 78 Angle increment vali. e. 
suble difference 
disable cosapproxifra is; 

s 

rintf f "arg is Xf C3s in s 23.3f C&S a f\n", angle, c-s:n, S: sac: ::::ma:::- 

if t casin . ). 7071 
e 
's 

angle - Casin :35. '; Gr:ss angle aestri::: natism. e. 
v. 

P 

argle ( ( 1 - C.S. in 90.00 ); / Gross angle approximat:3:... e. 
e 

if ... angle . . . . 

angle a 8.0 
A. 

::r s 0, anglanc is 7.; i ; ; it angle -s angline 
P 

if t. angle ... O. O. 
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K 
angle angle ) 

ed X 
M 

Print ( "ang f C3S in s 23.3f cass s f \n", andle, css in, cs accra imation ) ge C.S. in C3 it cr' 
A. 

Cos-approximation is cats f angle f RADIAN ); 
difference s ( Cosapproximatin - C.S. in ); 
if ( ( angle in c s 0.0 ) ) 

K 
break. 

if C ( Cos-approximation 3 Cosin & ( angle inc s so.o 
K 
angle inc ( -angle inc 

P 

if C ( COSapproximation & CCS in ) & ( angle inc so. O J 

angle in C ( -ang in C ) 

if ( fabs ( difference ) - 0, 000001. ) 

braki 

angle-in 1.5; 
A 

prin "arg if ccS in 2.2f cos in", angle, 2:sin, c-saccrex 
mat in ) 
print f ( " ------------------------------- \n" ), 

print f ( " ang it zf iter s d\n" angle, i ; 
4A 

return ( angle ); 
w 
A. 

f 408 - 84.844-0-4---84 
Sin-deg. 

s 

0. Find t. 9 to 45 deg angle given Sine using grass accr:x:ns: in 
s followed by Suces Sive approximati i? . 

s 

to see 40848848 d 4044 beds. A 
c: uble Sindeg sin in 

double Sirin 

ift ii 
double angle; 't result in ceregg. e. 
double angle in C; / Angle increment value. 0. 
double difference; 
double Sinapproximat if 

crint ( "ang Zf sin in a zf Sin zf\n", angle, Sirin, snapproximat:r ; 
A 

if snin < 0.0711 8 
P 
A. 

angle s f Sinn . . ; ' Gross angl approxitation. • 
v 

else 
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. a 

angle ( Sirin BO.OO ) / Gross angle approximation. / 

for ( i o, angle in C = 0.03 i < to i++, angle -s angle.inc. ) 
{ 

f 
print ( "ang if Sin in if sin s zf vin", angle, sinin, sin appr:...: 

tion ) 
s 

Sinapproximation Sir ( angle RADIAN ) 
difference s ( Sinapproximation - Sin in ) 
if c ( angle in s 3.0 ) ) 

c 
break 

if c ( Sinapproximation < Sin in ) & ( angline > 0. O ) ) 
K 
anglin C ( angle in C 

if ( ( Sinapproximation > S i? in ) & ( anglin C : so. 9 ) 

angle inc s Anglin C ); 

f fast difference & O. O. 

Srik 

angle.inc. fs 1.5; 

f 

printf "ang if S in in if S in a f\n", angle, sinin, snaper:s: 
tr. ) ; 
printif c "---------------- b is a 40 wn" ) 

printf " ang if Liter Zdvn", ange i 
f 

return t. angle 

adds did 4 de40 

given side "C" & acute angle 'A'. 

RETURNS the hypotenus. 

8 rts: live 
s Solve a right triangle 

s given the two Sides 'a' , "b". 
OR 

given side 'a' acute angle 'A'. 
(s OR 

given side 'b' acute ange "A". 
f; 

doedea is 44.4 - d -d-A 

double rts we prt ) 

tangle prt ^* - Struct of angles & sides of a right triar. e. 

double Sir () C3s Sqrt. Poul (), tanang () 

double sqr A, Sri 
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Af 

shot rig ( prt, O ) 
dA 

if c ( prt->SIDEA as o.o. ) & ( prt-XHYPOTENUSE is o.o. ) 

f a S C in A sess M 
A b s c - e.g. A nes of 

P-SIDE-A Plrt HYPOTENUSE sing pre-Acuts sat , , 
- t-sides ( p.r.t. - HYPOTENUSE - cos( prt-AACUTE f RADAr 

else if c ( P_rt-XSIDE_B : s (. . . . . . prt-SAACUTE . . o.o. ) 
Y 

p 

f 90 a s tan. A ses. A 
a t c s ritesun-square sess v 

P-rt-SIDEA pre-side-B tan ( ( prt-XA-ACUTE / RADIAN 
Sqr A a pow( prt-: SIDEA, S.O), 
Sqre a pou ( prt-SICE . . ; 
pr t-xHYPOTENUSE s sart sqr A + sqre ) ) 

else if c prt-XSIDEA is 0. ... ( p.rt-XSIDE B : s (). O ) 

a sqr A s p ( prt -SIDEA, . . ; 
sqrs s cou? prts DEa, . )) 
prt. "YPOTENUSE is sqrt ( ( sqr.A ssr. . ) 

prts' AACUTE ( p.r.t. --SIDEA / prt->s DEs st: : -is: 
t i? 

P-rt - A-ACUTE tan--ang ( P_rt--SIDEs, pre-sirs. ; o is 
n to degrees / 

else 

At 08-4 s A sir. A 6-seas f 
At 48 b c e V. C. A be aw 

P-r' - HYPOTENUSE t-r-SIDEA / Sinc ( art-SAACUTE / Act 
-r: - SICE-8 p-r-‘ HYPOTENUSE it cost prt --AACTE / RAD: . . 

prt-A-ORTUSE s 30.) - Art --AACUTE ); 

A 

shot rigt prt, ; 
qf 

agern pets: HYPOTSUSE 
t 

s 

'86 a did added to 1889 - d - 

8 at Sol ve 

Solve an Equilater a triangle given angle "C" side " " OR 2 sids. 
d w 

8 REURNS S. a. 
ts 

a 4 is a 448 dead des 4- 80 81 f 

:: as we pet ) 

eting Peti '' - strict of angles & sides of a right trisis. - 
p 

suble sin ( ; 
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double sinA, Siri, Sinc 
double sqr A Sqrs, sqrC 

if ( c. pet-SIDEA is O 28, pet - SIDE8 is 0 ) & ( pet-SIDEC is 0 
{ 
Sqr A is pov ( pet-SS...a, . ; 

A 44 8 OF SIES, 4-s / 
pet ->ANGLEA s 

pe. --SIDE.8 ? ( 2. O & pet-siec 
t 

pet->SIDEC c 2.0 pet->SIDEB )) 

sqrA / ( 3.0 pet-XSIDEB pet-Xs IDEC 

pet-XANGLEA a cost-deg ( fabs c Pet-XANGLE-A 
pet-XANGLE-C s 

e a- - - - - ( pet-side-A f ( 2.0 P-et-SIDE-9 
: cat-SEE-3 ? .9 pet - sis. A 

SqrC / C 2.0 pet --SIDEA a pet-sides 

pet --ANGLEC is cos--deg fats ( p.-et-ANGLE-C ); 
pet --ANGLE-B pets:-ANGLEA 

A 
pet-ANGLEC s ( :20. Q - ( P-et-AraCLE-A + Pe* - ANGLE-9. 

e sa 

pet-ANGLE t ( ( 18) - pet-ANGLE-C 
pet ->ANGLEA a pet-XANGLE-9; 

sinA s sin ( pet-ANGLEA RADEAN ) 
sins s sin pet-XANGLEB / RADIAN ); 
sinc s sin pet - ANGLEC a RADAN 
pet - SIDEA a ( pet-si DEC irA si: ); ... O is 

f 
pet - SDE.8 s pet-SIDEA 
t 

shotrig O, Pet 
v 

return pets SDEA 
w 

assaee-eeeee-de-4000000 
it solve " 

Solve an oblique triangle given angles 'A' & '8' k side 'a' r * :". 
OR given angle "C" Side ' " i " 

RETURNS Sid ' ', 

set-add-oe - 0800. A 
double st solve ( pet ) 

et angle Pet; / -- struct of angles & Sides of a right trare. 
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K 
double sin) Cos), sqrt (), pov () 
double Sir2 deg(), Cs2.deg(), tariang () 

double Sina Sin Sinc; 
double COSA C998, CC: 
double sqr A Sqra, SrC; 

if (c pet-ANGLE-C o.o. ) ... ( p.-et-ANGLE-A : s ().0 3... ( pet-ANGLEs is . 
) 8 

pt-ANGLE-C ( 180 - ( p.-et-XANGLE-A + pet-XANGLE-B ) ; 
sinA s Sinc pet ->ANGLE-A f RADIAN ) 
sine a sin pet-ANGLEE / RADIAN ) 
sinc is sinc p-gt-: ANGLE-C / RADIAN ) 

7 test LAW OF SINES. saess 
if ( at-SDE.8 ss () ) 

Pet SIDEC s ( pet-SIDEA sinc ) sA 
pt-SDEB pet-SIDEA sine A : 

else if pet-SI O2 as 

Pet SEE. p-et-SEB sinc v sins 
p-et-SE-A ( : it-et-SibEs it sinA sins 

a se 
A 

if P-et-SIDE-A : Q & p-et-SDEB : s 0 ) ... i. pt. Gs d 

p 

CoSC is cost pet-ANGLEC / RADAN ) 
Sin a sing pet --ANGLEC / RADAN 

sqr A is pout pet --SIDEA, 2.0 
Sqr E is pow pet - SIDEB, . . . ; 

f 890th AW OF COSINES. 888 
pet - SDEC . 

sort 
Sar A - sars 

( . ) pet-SIDEA pet -. SICE 6 e: E 

fe -00 LAW OF SNES, see s. 
pet --ANGLEA s (CP-et-SIDEA sinc ) / pet-s: EC 
P-et-ANGLE-A Sin-2-deg c fabs ( Pet-ANGLEA) ) 
pet -ANGLEB s C'. Pet St DE-9 sinc ) pet-YSIDEC 
P-et-XANGLE-B sin-deg ( fabs ( pet-XANGLEs) ) 

A4). 

to print f : " - - COSINE METHOD - - - - - - - - - - - - - - wn" ) 
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sqrC powc pet-ss IDEC, 2.0) 
Pet-ANGLEA s 

( p.-et-SIDE-B ( 3.0 pet -3SIDEC )) 
t 

( P-et->st DE-C / c 2.0 a pet-SDEe 
( Sqr A / ( 2.0 p-et-XSIDEB pet-XSIDEC ) 
. 

Plets ANGLE-A CS-3-deg ( fabs ( pet-ANGLE-A 
pet-XANGLE.8 s ( A - 

c P-et-SIDEA ( 2.0 pet-XSIDEC ) 
as 

P-et-XSIDEC ( 2.0 pet-SIDEA 
Sqrs / 2.0 P -SIDEA a pet-spec . 

J 
p-et-ANGLE-B cos-2-deg ( fabs ( pet-ANGLEB 

, is 
shs-trig ( ), p-et 
d 

return pet - SIDEC 

vessee-eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeessessssssssssssssssss. 
glo def Nov. 

8 MP GLOBAL variables definitions & Structures. 

4 - 0-4----4-----00- 08084-00---00-084-08-0044-4-a-dote of 

type def strict 
P 

fe AOR ODE AGS ef 
enure anodofoperatin phode . . . . see St. . . . . 
enua Rode of debug Couganode A see St. . . . . 

f REPORTNG ODE FLAGS 8 
enum anode of reporting repnode / OUIET, ERSE, ECSE - 
entian mode of reporting repunit; Unit of neasure of 
enum node of reporting repid fault; 

a STEPPER MOTOR MODE FLAGS sw 
enuin node backlash back. Aode / s. NONE, SINGLE, CVESLAPPE a 
nun nodestion action 36e f’ s SINGLE, VselAPPSD 87 

A STEPPER OTOR MODE SAVE CATIONS / 
enum indeback: a sh bac: Sa'i 
Eua node not in it is a ve; 
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/ OPERATOR ATTENTICN FLAG sy t 
irt panic button f FLAG - video attention Signal / 

/ OPERATOR MAFUNCTION FLAGS A 
int not auto We User failed to Seiict at node a? 

w8 USER DEFINED OFFSETS A 
int x off, yoff, toff; ?t Offsets in motor steps of 

A MOTOR LIMIT. FLAG / 
int Anotor limit 

A MESSAGE BUFFERS POINTERS 0 f 
A as as a poss sooooos as ooo s - or 0/ 

Char ?ness (BO), pness a General Purpose. / 
Char erroriness (80), piness; ERROR. / 

global paranters 

glabalparameters gl:ballparms, P-gld; O 

A as assassessee assessee seat set-deeeeeeee 
disses da MODE ESCAPS MACROS stood 

to 88spose poee 600e essee bee8004 ed V88. A 
a define FORCE IT. TEST : V 

test attention f W 
if ( p. glo->ip ?node x s EXIT MODE break; 

define PROGEXITTEST . 
test attention (); W 
if ( p.Glor:opinde x s MODE EXIT break; 

teefine PRINTFAt LTEST V 
casts titant on W 
if (, pg 2-spinsda s a FAILPRINT 1 : Sr sa; 
4. 
A 

wd dra - d - d. Odd 4 add 004 dod - d 04 4 - 08 d . A 
p q is 40 e-pad odd deeds 40 days 08 d 400 s edge s 

A 800 00 - d - - - - - doe - P0 (94 - 0 1 0 1 000 et d e fet (419 000000 so 888 esses 
8 g. tef ar. E. 
4. 

0 MPM GLOBAL variables definiti cris & Structures. 
d 

00000e-50800000000000000000000000098-00000000ne oooose sees f 

serie OFF 
ce frne ON i 

typedef unsigned Char J. car; 
typedef unsigned int Jit; 

ses ::se A2FA: 
sce the CASA 
staire SPL: CFF . 
see fire SPC. ". 
define MAGE PCS 'S TRUE 

ance fine IMAGENESAT VE FALSE 
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CCC SOFTWARE REVISION 

d/ 

flat CCC-rev-nu in s 2.33333 
flat Cogrew.num is . . 

Md 

ARDWARE OPTIONS 

d 

int option indexer ready a TRUE - Indexer Ready board & cabies 

d 

SC 

ift xytready s FALSE, ?a X, Y, Theta indexer ready flag. / 
rt pani button at FLAG - video attention signal i? 

int PANIC i Panic flag - used for Subroutine repeat aces a, 

rt li?ait recovery / Limit switch recovery flag. / 
int alignok. State / State of the pin 32 signal - 200 as pulse 8, 

FLE fpcoang a 0 f Cona channel 3 for P. ASP-2. A 

struct sgttyb rS232.3 ft Terminal control struct for coma channel 3 4. 
struct sgttyb bprS2323 s 0; / X Terainal Control struct for a C { 
A 

u? tr gipolarity 

RISINGEDGE s 1, 
FALLING EDGE s ), 

eff: buffer a n1-fift a ; A put fif: e. 
:* : buffer n.f if s ); A . . . 
eff buffer pin-3 fifo = 0; f is 3 A 
cf. ... buffer ?pin-4ff.; s 3; f 
effobuffer opin...fife is ; - f 
cff buffer pins fifs fi sã S. A 

PARALLE INPUT FIFO DUP UES A 

define drap cfi foldaap . Pirlf if ; 
Itefine duap. Cfi foup P-in-fift 
define ca?hp3 cffodine ( pin 3. f. ) 
define int- cfift du?nip ( piniflfo 
define dump cfi focu?p pl. n.5 fift 
define dumpt cfiftuap tint fift ; 

as as and v 

MER DEFINITIONS 

da 

citrnti?ner bug-ti?er; 
et an iner opbuilt: her . Oug-timer; 
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f 

IMAGE, BUFFER WINDOW DEFINITIONS 
a a it is a as a sess is ss as 

A 
Calvideoparams evidcal paras a scal-default-ago; 

5-p-suffer gpignage is ?t General Purpose image buff ar. 
Cipbuffer temp_image s ); ?t Window within gpinage. 6/ 

typedef struct 

ift XPercent ?t to Scale by / 
int ypercent 
int x Site / Original site / 
int YSie; 
double fxpercent; / Float to scale by a? 
double fyper cent; k 
double fxsie at Flat original site / 
double fy. Site 
ift xnew W. Regt i? 
irt yed 

Scal parameters 

iChar defgain is 75 de gainoff defaults f 
char defoff is 7; 

uld r gain is 7t; 4 ganoff for ca?ar 0. 
uchar aff 

iChar gain. is 75; ?t gainoff for camera 2 0/ 
char off. a 

e as a -s as is e s as (A 

Char newff s 35: 
Char new gain a 75; 

Char off save; 
char gal. Save 

Char new off a 45; 
char new gain is 75; 

f 
is as is is as a a 

ENUERRGRP s 10: , 's First non-C:gnex Sigris: rut. 
UTILERRGRP, 
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GEOENGRP, re 
OERRGRP, 
SEARERRGRP, 
TRANERRGRP, 

iSerSignal groups; 

typed of t 

MENUERR 

UTILERR 

GEOERR 

IOERR 

SEARERR is 
aw 

TRANERR 

CC-SIGMENUERRGRP, o , 
MENUERRDI AGNOSTIC, 
MENUERRPRTIMEOUT, 

CCTSIG ( UTILERRGRP, o ) 
UTILERRGAINOFF, 
UTILERROPTION, 

CCTSIG ( 
GEOERRBADARG, 
GEDERR NOT FOUND, 
GEO ERREADMOTOR, 
GEDERRADPROBE, 
GEOERRACKLASH, 
GEO ERR 

CCTSIG ( 
IOERRMTRTIMEDUT, 

WRONGPROSE, 

w 

GEDERRGRP, O ) , 

IOERRGRP, 0 ) , 

76 

?t no notion when evxpected a? 

IOERRATTENTION, / RECOVERABLE - NOT AN ERRGR s 1 

SEARERReADARG, 
SEARERRSADMODEL, 
SEARERRBAOSCORE, 
SEARERR 
SEARERRNOTFOUND, 
SEARERRNOOBJECT, 

TRAN ERR.BADARG, 
TRANERR 9ADMODEL, 
TRAN ERR 
TRAN ERR 
RAN 
TRANERR 
TRANERR 

ADSCORE, 

NOTFOUND, 
NOOBJECT, 

ust signal; 

to DEFINITIONS 

f faced of search 
P 

ER22ADCCNTRAST, 

CCTSG & SEARERRGRP, o ) , 

eADCONTRAST, 

CCTSIG ( TRANERRGRP, o ) , 

INCONSISTENT, 

A des for and search as f 
SEASHOME, 

SHOE, 
CURR, 
CURR, 

SEA 
SEA 
SEA 
a 
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run ?node of debug 

/f rides f:r debugging. / 
DBGNORMAL, 
CEGNOPRINTER, 
DEGSCREEN, 
RSGC3RRELATE, 

; 
enum incide of debug debuganode; /* Global debug made flag (/ 

?tan ?node of reporting 

/ Modes for reporting diagnostic messages 3 trie F. o. 
MODE OUIST, 
CDETERSE, 
CDEVEREOSE, 

ODE INCHES, 
MODEMILS, 
MODECENTIMETERs, 
MODEMICRONS, 
if 

enu?n nodefreporting repande; / Global reporting mode flag 0/ 
enum node of reporting repas fault; if e DEFAULT reporting node 4/. 
enum node of reporting repunit / Unit of measure for reporting. - / 

f ?node of speration 
P 

MODEMAINMENU, 
MODE GEOM, 

A Subroutine modes. Of 
Mocs. TEACH, 
ODEEDIT, 

MOCE PRINT, 
MODEMAINTAIN, 
MODECLEAN, 
MODEHELP, 

7 Subroutine repeat hit ... t / 
PODE REPEAT, 

At Subroutine exit ?nides. 8/ 
EXITIODE, 
EX ITTEACH, 
EXITEDIT, 
ExIT-PRINT, 

at Program exit nodes. 7 
MODE EXIT, 
MODESAVE, 
a 

situan made of operation opinode, cp-Aode. Save a Global R&de flag P/ 

A 404480 V8 4000494408 - 8800000 A 
As soooooo-Q40000 e-4-0-04-0 de-et 400 rod to 000 8/ 

define FORCE EXITTEST ', 
test attent:8 n; '. 
f ( &phsde 2 s EXITODE break; : '. 

sefire PRCGEXITTEST : 
test attentlant 
if p.m:ag a 13DEEXT : tra at ; 
v 

asse Boeoes as 400 6000 booed b8890000000188 & f 
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A The follouling are used in the for at 
W A. 
W. void subr () g/ 
W. C. 
we FORCERESTORE QA 
/ uhi ( TRUE ) A 
W K de A 
f 8 p. O J J U 8 is / 

A 9/ 
W FORCEPEPEAT w 
/ O o e g o W 

M t 
W 8 0 . . . . . . ) A. 

/ FORCE REPEAT 
W X f 
W f 
/ 40.00---000000000 deed-b-ed s/ 

define FORCERESTORE k 
- if ( opinode is MODE REPEAT ) W 

epi?ode Cp modelsive; 
brak 

define FORCE: EAT 
if ( p.moda s a MCDEEPEAT ) V. 

V 
d 

W 

ap?ode Save spada; 
break 
w 

/ No.84080000-8000-44404000000000 A 
f 89840000000000004 the 4 did. A 

eff ?idenotion 

MODE STATIC S v 
MODECALIERATE s )x. 
MODEX s 0x4 
MODEY a xe, 
MODE THETA s or iO, 
a 

enum in-denotion finition?hode 

A 

MENU DEFINITIONS 

as a 

tyredef strict 
W 

t st 
rt y) 

• Chif tax t (S)); 
y 

anenutext; 

/ Global notor action flag of 
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typedef struct 

c 
Cgr.Screen 
Cipbuffer 
Cipbuffer 
irt 
int 
int 
ift 
int 
int 
int 
irt 
Char 
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screen -> Criscreen, s/ 
ignage a -s cipbuffer. / 
Pinage fe - -x cipbuffer. / 

x 1. y At Y gig / 
*-affset at Offset of menu within screen. of 
yoffset 
Crsar's A Default cursor eation. / 
Sursory 
box. Color 
border Clar 
flags; 
text (3 ft Title text / 

menu text line line, line3, eine 4, a lines 
V. 

Anuparameters 

typed f struct 
c :- 

f x) 
ift y 

r border color; 
int flags; 
Char text 32 

menu selection 
as 

MATHEMATCS DEFINITIONS 

e-use RADIAN s 57.357,353 

fire ROUNDUP 0. 

d 

RGHT TRANGE STRUCTURE 

t 

ticedef struct 

double SE 
double SOE 

f a Short Side A 
? • b - long side of 
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double HYPOTENUSE ?' C - hypotenus / 

double AACUTE / x - the acute ange i? 
double AOBTUSE / B - the obtuse angle / 
double ARIGHT; R - the right angle / 
tangle 

tangle rt, rt, rt, rt; 

tange prt s Q 
tangle prto a O, prt s , tp.rt: s O, prt3 s ); 

EUAERAL S. CBLUE TRANGE STRUCTURE 

Sir A b is in A 
- e o a is e s p a 

SnC Sr. 
C 

di Sri C S 
e o ose as a a - 

b SA SnC 

a Sir C 
E as is a a a 

O SA sinC 
A C 

d 

typedef struct 

deable SIDEA f a odd side if 
double SIDEB; f b equal Side of 
double SIDEC fe C - equal side e/ 

double ANGLEA; at A - odd angie A 
3. luble ANGLE.8 ? - E - equal angle 
dub e ANGUELC; a C - equal angle N M 

et angle; 

e tangle 
tangle 

et) et et. 
•pet) = 0, pet s ), pet a (; 

Sy - MATHEATCS DEFINITIONS -- 

Aode. Calai / dt of Scal Correction w 

typedef struct 

double x y 

factor vs. x,Y FACTORS &r COEFICIENTS s/ 

typedef strict 
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double in 

Crossfactor 

typedef struct 
P 
V 

dobe X Y. 

coord 

typedef struct 
- 

cord pi 

pit. --Pairi 

typedef struct 
P 

print pair natural 
pint Pair prime; 

point pair deskew; 

f 

paint pair result; 

f 

factor difni 
factor diff; 

factor Scale 
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latural Prime FACTORS or COEFICIENTS sy 

Y COORDINATES ( on set s/ 

, - A PAR OF X, Y CurtDNATEs a? 

paints in 1st N coord syst / 
/ points in 2nd ( P J cird syst 8 

?t 2 pts theta , offset corrected V 
frtin one citordinate system to tie : . . . 

A pts scale offset & theta corrects 
frA or Coordinate syst? to the cr:er 

A 4 Differences of C N ) ratura A 
a Differences of P ) prises of 

wd. Scale factors ( X, Y ) / 
able scaled; / Scale factor diagonal ) / 

cress fact&r the ta. 
crossfactor raditiS; 
cross factor Slope 

a Theta of points C N P ) / 
a 0 Radii of pints ( N, P ) / 
at Slopes of line segments ( N., P f/ 

suble the tad if / Angular diff between N P D 
t 

pseudoparns to PSEUDO-INVERSE MATH PARAMETERS ef 

typedef struct 
P 

s W 

Short pCount 
int quad a 

double x1, x2 
double Yi Y2 

double Xp xpi 
double YP Yp; 

f it if point pairs added / 
M as rant . A 

ft. Coordinates of points their primes a 

8 c::ss ::f pints corrected for theta a 
double deskewvi es eV. 
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double deskew-yi, askevy2; 

/8 Ofs of C3rd g 7 
double difx; x f. 
double dify as y a 

double dif: p. 
double difypi / y' i? 

.' Sile c3 efficients a? 
double Scale 
double Scalexi 
double Scaley 

at Slopes of 2 in gaenes of 
dot if slope.p. ft x y, x' y' M 
double slopen / xy xy -/ 

/ Slpes of prime natural points it? 
double thetan / xy / 
double the tapi / xy' / 
double the taoniyi patsition of prime if teta arror : y - 

double radius.n; xy / 
double radusp; /* x"y" it d 

double theta; a Angle between the 2 line Serents f 
double hypot 

A Coordinates before after fud or rew f 
double ildx. fo y M 
double old. Yi we y of 
double newc A of 
double newly A y 8/ 

f X & Y offsts exclusive of angla i? 
double offs' 
double off sy 

Sea Corrected offsets fe? 
double coffsc; 
double cff Sy; 

pSC gen; 

cSC ge?t pseudo . A General purpose geometry structure of 
PS geot 1 p.pseudo ); 
pSC geo?a a Spigeon /9 Geometry for theta center probes a 
ps Gigesa ep.asp.ge-va - 0 

w 
as a sess as a see s is ess a - via 

GRAPHCS DEFINITIONS 
is ss as as a sess as as a seas ests as a 

d/ 
Color 

K 
NOOP s -1, a no change f 
PASS a CAGPASS, 
BLACK S CAGLACK, 
WHITE s CAO.WHITE, 
ELINK s CAGBLINK, 

8 
as s as as as as a sep et age 
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TRACKBAL DECLARATIONS 

W 

Short pdx; wd Track ball current x value / 
Short pdy d Track ball current Y value / 
Short pdpx s ); raci.ball current x is? 
short pdply s ); Trac: ball current Y w 

Short Pskey . . . Track:bs current key of 
Sart eppd "ey s ); /* - Track ball current key 7 
A 

ERROR OEFINITIONS 
as a a an a a a as a 

BA 

af error mess (80); / SRROR Ressage buffer, s/ 
A 000 - 8 (48 000 000480 - 4 - 0 88 - 8 b4 44 --4444 0008 Q4008 88ss sess 
( d. V '' ar,. 
t 

5 PM utility functions. 

is a 484 - 4 - 4-d 4444 44 - d .444444044846848.844.48 / 

..a 

W888.484 - 400000 it 
a ca?hininit 

s 

0 in t comm channels. 
0 ov 014 044 f 

v Sid Cammint () 
A. 
s 

PO N T - Open track ball cann part. 
do o O P 

A 

:f Cift bfile 

f close ( Ciftbfile J ; 

cift bfile s cifopen-tb ( "f dev/ser" ; 
/ p. U 

a as a pee - a de 

COM 3 PT 

f 

if ( fp.cmm3 ) 

f close ( fpc&aa3 ); 
q 

fp.com.a3 s fopen ( " 'dev/ser3", "w" 

prS23 rs323; 

prS2323 Sg-flags a RAW ; / Serial I/O node flags / 
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prS2323 -> sg. iSpeed 200 
Prs2323 -> S gospeed 2OO 

s 
prS2323 X sg_erase O77 A Delete a 
prS2323 -> sg_kill 5 CR - i? 

ciostty ( fpcomin3, prS323 ) Set coma 3 terainal control st 

set buf ( fp. Conan3 NULL ); / Set unbuffered input s/ 

for ( i s 300000; i X 0; i-- ) 
A 

fee - - - 
4 initindexer 
4. 

Init stepper notor indexer. 8 
e is ea of 101 ff. A 

Void l nitrd. for 

axis parens intor; /t X Stepper motor parms. it? 

char motoriness (30) 
f's oesoe 1 : 03 F4 VS TS C7 soooo s/ 

sprintf( instor?ness, "EssDsfsVssCzs/", 

?tora-?nator f -. Ande, M. 1, i? 
ARotor - distance, D, 3, 7 
motor - starts tip, f F, d, a 
actors veloCity, ?' 4 V, 5, 7 
instir syra?p, / - T, S, a 
Anotor - Cycles fe C, 7, a 

f w f 

printf "vns Vn", Rotor?ness ); 
fputs ?hotrimes s, fpcomm3 

fed 84 does de 44 did 

4 at rinit 
s 

hit Stapper Actor. 

v 80 de de 04 08: A 

W&nd motor in it c notor ) 

axi spar as motor; 7 ft -> Stepper Astor paras. A 

weid it indexer ( ), rewdirection ( ) 
Wild slewli?ai t ( , step iait (, find iait () 

initindexer ( notor ); /* Initial ice stepper notor indexer, 4. 

A Find first liait. A 
slewll init ( notor ); f Go to limit switch at high speed. 
rewd rection ( not or ); A Rever S. Rotor direction of 
step lait ( notor ) f Single Step until liait switch pass. 8/ 

find init Rotor ) 8 Find other liait. A 
V 
2 

fed 8 as a de said 0-4 e 

8 step.int 
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Init stepper motors. 

NOTE 
- ax left *+ s^ right default "s' 

• Y - us X frvard sX back fault s '0' 

Theta - X CCW - sX CW default - 

4 440-4/ 

void Step init ( ) 

void menu tiny (), diaghalt ( ) Soft delay ( ; 
void init-indexer), notor-int 
VOld Stepper ( ), revdirection" "T" 
Vid w Slew liai t ( Stepli?hi find ?nit ( ) ; 

ift i 
Char ?ness (803 
int xstep. Count, y. Step Count tstep. Count 

uness ( PASS, 
"INTIALIZING ALIGNMENT SYSTEM"); 
printif (" ------ a us as as as ap as as as a ga up up to to do do a does as as as a sp. p - - - - - - - - - - - - - - - - - - - - - - - - - - - - " . 

limit recovery s is OFF 

A - X AxS - - - - - - - - - - - - so as so so asses f 
Stricpy ( p. x-axis direction " " ) 
f 
Actor init ( p. x-axis ) . limit recovery as OFF 

f 

in tindexer Pxaxis / Initial ice stepper notor indexer. o' 
sprint f ( mess, "WS/Zs", p. x-axis - notor ); 
puts mess, fpcmA3 ); 

soft de lay ( ; 
p-vax is x liait 0. 

6 - Y AS as s a - - - - - - - a as so so - - - - - - A 
strapy pax is > direction "t" ); 

Aotorint C PY-axis limit recovery ss OFF 
A. 

initindexer ( Pyaxis a initialise Stepper mistar riderer. ." 
sprint f ( mess, "f Sasa", pyaxis - Rotor 
fputs ( ?ness, fpc3Mn3 ); 
sift delay () ; 
p-Y-axis->liait O; 

A - THEA a sea - - - - - - -oss - so sesse - - - - W 
StrCpy ( p, taxis->direction, " " ) 

Anotorinit ( p.taxis liaitre covery ss OFF 
t 
initindexer ( Ptaxis /* Initialise Stepper notor indexer. / 
sprint f ( aess, "AS/ZSI/", ptaxis fotor ); 
fputs ( meSS, fpcomin3 ); 
soft delay () 
pitaxis -×l init is Oi 
A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A 
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print f ( " x step Count a d\n", p. x-axis-Xstep-delta ) 
print f ( Y step Count d\n", pyaxis-Xstep delta ) 
printf ( " T Step count a d\n", ptaxis-Xstep-delta ) 

Stepper ( p. x-axis (pxaxis hone), 100000 ); 
Stepper ( Pyaxis (pyaxis x home), 1000 ); 
stepper ( p, taxis (ptaix is ho?te), 100000 ); 
A 

printf " -----------------------------------------------------------------vn" : 
f a 

diaghal t) : 
f / DAGNOSTIC HALT / 

o 

foedeeeeeeee-08-0- 
a compbacklash 
t 

. Compensate for backlash in Stepper intors. 
44408 - 4.4808.htt W 
void compbacklash ( notor 

axispar?n's Aotor; Stepper motor paras. ff 
P 

w:is revdirection (), ?hower; 

int i ; 
double back?nis 
chat motoriness (BO), Save distance is 

if ( notor ss px axis ) back. Anil S is edit backlash. Anil. x: 
els if notor a pyaxis back. Ails edit backlash. ?aily; 
else if ( notor ss paxiS back all S edit-backlash. A. ti 

if ? backsils is 0.) ) 
c i s ( ( Sack.nis notor raps t- O.S. ); 

e is i s ); 

str Cpy ( Save distance, Rotor sodistance / Save distance Of 
rew direction Rotor ; W - Save direct of ef 

is abs ( i ); 
sprintf notar?hess, "d" i ; 

s 

print f ( "Vn BACKLASH Steps a ZS All S is zf dir s Zs\n", notornes, backs. 
in trex-girection ) 
A f 

st repy ( notors distance, notorines S '; 
answer ( Botor ); 

strepy ( notor ->distance, Savdistance ); W. Restore distance / 
rewdirection aotor ); A Reg tore direct in ef 
w. 
A. 

fee see-eeee-880 
t call Clay 

Calculate Coa?t and in:t or elay for Sigma indexer. 
RETURN Delay in Seconds. 

as seeded 40000 d/ 
int cal cdelay ( String : St 
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char string(), dist(); 

int atolic) 

ift i 
double CConan-delay, insterde, tadelay 

Coa?ta delay c strlenc string ( ). Otha ) : at SO A 1 s a 
Antor delay s atolic dist P 2.00 / 88 a TEMP FOR TEST see . . 
total delay . .xna delay motor delay 

return ( total delay ); 

A 4-4-4-00--- - - 

delay calculate. 

Delay calculated from Speed distance + can delay. 
Delay for notor five while testing for Antor init. 
If limit is reached, stop i?nmediately k reset "indexing" mode. 

w 

RETURNS FALSE if limit detected. 
6 98 4-4 48 40 dest a 48-f 

int delay calculate motor 

axis parins notor; 

ift i 
Cuble delay 

delay s call delay ( notor - fress, ?notor - distance ) 

in to r s li?t as TRUE; 
while . . notor slin it as TRUE ) & ( delay K. O. O. )) 

delay - r ). OOO 

i Cio-readin ( , ; 
if i 0x4 Es ()' . ) 

w 

fputS motor : iness, fpcoming 
?tor - liait 2 FALSE; 
break; 

r a turn anotor Xia it ) 

sadded--d--ded 

t initor delay. 

( Delay for notor nove while testing for notor liait. 
If liait is reached stop ?aaediately & rese "indexing" node. 
-------------- 

void notor delay ( Rotor delay 

axis paras motor / s. Egger actr paras. W 
rt delay e Celay after Rowe. a 

far actorness (80); 

t i Ji 
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A Setup Rotor halt hessage / 
Sprint f ( notorness, "/S/Zs f", motor - notor ) 

for is delay: j > 0 j-- ) 
P 

is cio-read-in ( ); views xvi. - - - - 

if ( i Ox was 
A. 

fputs ( notoriness, fpc-ma3 ); 
break 

t 

xytready s FALSE 
* 
A 

A be re-dated 4 
f Rotorua it 

wait for indexer ready Signal. 
if liait is reached, stop innediately reset "indexing acce. 

d 4 to 4 8 is ode 444 ed. 

V8 inst&r-val t ( motor delay 
axi sparing emoter; ft -> Stepper notor paras. P/ 
r delay W. Delay after Ave. A 

char motor-ness (eo); 

i Ji 

f 8 Setup notor halt ?nessage / 
sprint f ( a tarness, "/S/Xs/", notor-Naotor ); 

will e ? TRUE 
f 

f ( ( i S. Ox4 ) is Ox- ) 

fputs ( notor aess, fpcona3 ); 
break 

... if (cipreadin () & x0) is ) 

break 
w 

fooded.------0-40 

t sell at . 
h 

ove until the Y, Theta liait Suitches are reached. 
a set-to---------0 

Void Swl init notor 

axis paras notor / -: Stepper inst or par?n's of 

yed never ( ) 
car matriness(e)); 
ift 

Rotter - frit is 
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i e Cio-read-in ( ) 

. . . . / Setup notor halt ?nessage ed 
Sprint f ( notor mess, "/S/zsi wr, notor-: notor a won 4 

anover ( motor 

while Anotor -alignit is motor -Xdirection ( ) 
f 
A. 

f 

i = Cio-readin ( ; 
if ( ( i & 0x4 E E ): ) 

P 

fputs ( motor(ess, fpcam3 ); 
brak; 

0. 

i s / dummy for interrupt a 

84 as 44404 - 04 4-sto04 
Step limit. 

0. 

t Used to loop on move one step at a tiane until limit suitch opens. 
i? 8444 a 84 W 

V old Stepil init ( Anotor ) 

axis-Parms motor / -> Stepper notor paras. A 

k 
void mover () 
Char motoriness (a)); 

t i 

/ Setup not&r halt message. A 
sprint f ( no torness, "AS/S/", motor-Xaotor ); 

ator - limit is 0; 

e 

i = CO readin ( ) ; 
s 

str Cpy ( notor -Xdistance, "1" ) ; 
while ( notor Xiait is notor ->directionCO) ) 

nover ( notor ) is a Absolute nove using motor data structure ONLY o 
i. s. Cis-readin ( ) ; 
if ( ( i Oxali ) s )xa 

K 
fputs ( Rotorne SS, fpcomin3 ); 
break; 
V 

diagral t ( ; 

feases soooeeeee-ed 4800 
• find la?nit. 
4. 

Lp on his ve. Used t: Thc ve one Step at a time until lant is rest. EE. 
sees - as so a to a d - od or d - - - - - - M 

ad flhdl nit in:tor 
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axis paras tor; A - Stepper nitr para V 

void nover () 
Char motoriness (30); 
int 

anotor -step delta s ); 

Sprint ( m: tr-, distance, "3" in: t:r - huge step 
mators step delta - a ?tar. huges tec f ic Star C. r. ?. 
Answer inter '* \bs nove using notor data strict CMY 
a 

Soft delay . . ; 
M 

diaghal t . 

stropy ( mitor -sdistance, "" ; 

A Setup motor hat fnessage 
sprintf Antariness, "/S/S/", ?atir (?notor ); 

?ntre. limit 9; 

s cis-readin ( ) 

utile ( notor Xiait notor direction (O) ) 

?over Rotor fe Abs nove using Rotor data struct ONLY 8/ 
notor systep del tatt / Inc step Count. M 
i Cid readin ( ; 
if ( ( i. 9. Ox4 -) as 0x4 ) 

K 
fputs ( not or ?ness, fp.com.a3 ) . 
brak 

diagha t ( ; 

as a site---80-800 

rew direction 
As 

Reverse Rotor direction. 
t 

--------00------- 

void rew direction aotor 

axis paras notor ft - Stepper notor paras. A 
t 

if ( s.tr cap ( notor ->direction, "t" ) is O 
P 

strepy ( notor ->direction, "-" ); 
a 
d 

ls - 

strepy anotor - direction, "t" 
y 
A. 

feese eaeed see 8-edget the 
fe in wer 

s 

S.C.U. y Stepper AO tr. 

t noves using parameters in the nestor data Structure. 
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b-0-0--- (died M 
void over Rotor J 

axis paras i?otor / - Stepper actor paras. A 

Chair Anotor?ness (90) 
it is ri 

notor . At venode anotor-five default; / Set motor motion flag o. 
not lonhodge a motor - noveland; / Set ?tor inst in fa 4 

A -- f1 to 3 GW ea 
Sprint f( not press, "...sossG", 

Anotor Xmotor inctor distance D, 2, a 
Antor Xdirection ?t 3 s/ f 

) ; 

f 
r is cis-readin; 
r & s 0x0; 
printf(": . Ex ", r ) 

4A 
le. TRUE ) 

r s is readin ( ; 
r &s 0x20 
if (. r s () ) ( break; } 

. 

f 
r a cioreadin () 
r & a 0x20 
printf("2 x , r ); 

f puts ( natorness, fpcomm3 
Aq 

print f ( "s", actorness ); 
f 

M 
r a Cioreadin ( ; 
r 9s oxo 
printf(": 3 x * r ; 

A 

while ( TRUE ) 

r to readin' '; 
s r ox; 

if i r S S break 

A 
r is ciergead in 
r 9 s is 
print f ( " : 4 x ", r , ; 
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M 

Me 

r Cio-readin 
r & s )xO; 
printf(": a ". . . ; 

while TRUE 

r Cireadin(); 
r & a (x); 
if ( r s () ) ( break 

. 
W 

r = Cio-readin () ; 
r & a 0x); 
printf("le x : : ", r ) ; 

f 
if ( option indexer ready TRUE ) 

mater delay ( notar notor - delay ; 
t 
d 

f 44.088-88-ee-eeee-0004 
stepper 

d Move a stepper stor. 

- noves using parameters in the notor data structure, 
Sets direction according to the sign of the distance parameter. 

as a 4 deta4-40 M 
void stepper ( motor distance delay ) 

axis parins anotor a -> Stepper notor paras. / 

int distance at Distance to nove in steps / 
int delay; f 8 Delay after move. / 

double backinil Si 
Char notor aess (80) 

t i 

if ( distance O ) 

motor->anovernode s ::r - nave.default as Set notar inct: fs 

Anotion mode a not&r - 7.3", encode; f's Set a star notic?, fis 

notor - delay delay; 

if distance & 
p p 

th 

stricpy nator-direction, "-" 

e Se if distance 
p 
W 

stricpy ( Act&r-direction, "+" 
w 

f " -: t: r s 5 p.'...' is 
back-ni is edit-back las, in . . ; ; 
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else if ( not r = pyaxis ) 
back-fails s edit-backlash. ?hil. v. : 

else if notor as P. taxis ) 
back-mils edit backlash, nil. t. 

i r ( ( back-?n) is v notor -' nps ) + c, s ); 
i 1 is abs ( distance 
Sprint f ( motor-mess, "zd", i ; 
strepy instr. distance, Rotoriness 
instor - 'delay s ); 

inver ( notor ); 

anotor a delay 1000 
compbacklash ( motor ) 

4. 

. 

A so a de - - - - - 

?t test attention 
> 

Test for video attent in Switch pressed by operattr. 
Spawns a video attention "error". 

a -ee-speed- d -- bef 

void test attention () 

if ( panic button as TRUE ) 

panic button a FALSE 
cct throu ( IOERRATTENTION }; f NOT ERROR - VISION ATENTRC S. 

A 

A 
if panic button as TRUE ) 

panic button FALSE; 
Clear prompt (); 
Stricpy ( erroriness. " Vision syStan attention Signal."); 

if c opinode as MODE REPEAT ) PANIC TRUE 
alse if ( opanode as CCE PRINT ) opinode a EXIT PRINT; ; 
else if ( opaode s s 10DETEACH ) ( opaede EXITTEACH; : 
else c. opacde s 5XITS; 
v. 
1. 

w 

A son died 4-8-440444 
9 in n parallel 

interrupt action routines for INPUTs 6. 

assaceabee-eeded / 

fe OK TO ALIGN, SGNAL 
fe 8 

A 
void in parallel 

r 
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i cireadin ( ) /* Get data frron S parallel input t: . . . e. 
r Cif2.put ( pinfif, i ); / Save data in the as seat fit: 8 

if ( p.mode 's MODE PRINT 

else 

alignok state TPUS / Set align : ... f. a. s." 
-- 

/ VISION SYSTEM ATTENTION SIGNA sy 
did 

Odd-A 
void in 2parallel () 

char Anotor Aness (80) 
ift i r 

i s Cireadin ( ) 
r & C fifput ( pin fif i 

if ( p.mode ss MODE PRINT ) 

?t Setup motor halt snessage / 
f 

sprintif c aotorrass, "f S/01/11/2I/ ) 

A EDIATE HAL AL MOTORS A 
A M 

fputs c aotor-ness, fpc-An3); 
A. 

panic button ON 

At 

A SWCHES re) f 
f 

3 
A 

void in parallel () 

rt P i r 
Cis-reads 

r C fift put v pins.fi : . . ; 

f 

if nation mode : MODECALIBRATE 

tripy ( erroriness, 
ERROR - STEPPER CTOR LST ERROR : 

else 

in treet very s :; 
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if (, aotion node as MODEX ) 

axis. li?t x-axis direction (O) / Set x : it is. 0. 

if ( notion node ss MCCSY 

y-axis. lini yaki S. direction(); a Set y init f : . . . 

if motion node s = MODE THETA 

tax is liait taxis. direction (O) 'e Set t limit flag. 8/ 
t 

d 
w 

f 

W OTOR ENCODER SIGNAL (A 
f : 

st 
aid in parallel () 

int i r 

i Cireadin ( ) 
r is Cfifa.put ( pin fife, i ; 

if notion mode ss MODESTATIC ) 

else 

axis. index s ON / Set x liait flag. s 

f : Y MOTOR ENCODER SIGNAL / 
A 

5 
- A 

Vid in parallel () 

rt i r 
Ciaradii Y 

r is cf ifoput ( pin-5-fi for i i 

ift notion_node as MODESATc 

els 

axis. Index ON; / Set y liait flag. / 

IDEXER REACY SGNa 
w PREyOUSLY Theta OTOR ENCODER SIGNAL ti 
dood 

E 
ded f 

vs. d in parallel 
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int i r 

i e cid readin ( ) 
r cf ifoput ( pin.6.fifo, i. 

if initian 

else 

taxis. index F ON / Set 
xytready s TRUE; 

essee-eeeeeeeeeeeeeeeee 
t dutpparallel 
d 

and a sa PODESTATIC ) 

4h he 
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leta lianit flag. / 

Free parallel ports fifo memory. 
& a 484-00004-08 - A 
Void du?tapparallel () 

if ( pinififo ) 
A. 

Ctgrelease ( . ) 
cfife free ( pinfif: ); 
pinfifo so; 
f 

if ( pin-2 fifo ) 

Ctgrelease ( 2) 
fifa free ( pin. 
pin2 fifo O 
h 

if ( pin 3-fi fo ) 
K 
Ctgrelease ( 3 ); 
cf if free ( pin. 

- p n 3 fifo s 0; 

f Pinafi f^ J 

tgrelease . . ; 

fif 

cf. f. free ( pin-off. ) 
pin-fifo = 0; 

if ( pin...fife 

ct grelease ( , ; 
cf if of ree ( pin fif 
pin 5 fifo is 0; 

pin...fifs 

Ctgrelease ( ; ; 

s ) . 

cf. f. free ( pins. ff ) ; 
pin...fi fo ; 

4. 

f - ded 80-d 4004 - - - - 

8 parai ni 

8 

release the io line 9/ 
free the fif. ae?tory ef 

releas the iO life / 
free the fife aaa.ory / 

release the iO line / 
free the fif3 es?ary , 

release ne is line 6/ 
free the fifo Re?nary / 

release the life & 
free the ff2 anemory 4 / 

release the lo l n ef 
free the fif memory of 



t init parall MO channels. 

117 

bd4 4-8-8-8-8-0--08/ 
Void parain it () 

Void 
vid 
Wid 
vid 
void 
Wild 

panic button is FALSE; 
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in parallel () f' input LNE interrupt acti: Yu tire / 
in 2parallel ( ; A A 
in 3-parallel ( ; A 3 A 
in parallel ( ; A 
i5parallel ( f S. A 
in Sparallel () W. S. A 

A - - - - - - - - - - - - - - - - - - - - - - ess 8 did as a as of 
/ SETUP PARALLEL /O LINES For RGERING A 
As ---------------------------- a X is a st f 

N NE 

(A 
if ( pin fifo ) 

pin lififo 

Ctgin it c 

e i s is is a sp 

as a X > * 

if pin 

P-in--fi 

st: it 

pin...fife 

ct g-release ( . ) 
cififo free ( pin. 

- "ok" to align Signal 

'd release the io line A 

cififonaka ( , , , ; 

: ; / free the fifa Remory t? 

/s init input fife / 

RISINGEDGE, fe polarity f 
OO, f 4 bunce tira A 

f 4 filter tie A 
fe frequency filter f 

l, f's phase filter of 
in parallel A -> INTERRUPT ACTION ROUTINE / 

; 

E a vision attent in signal. 

2.fi fo 
K 
ct grelease ; rease the 3 line 
cfifs free ( pin; 3 ; / free the fifs ?neanory of 
pinfifo ; 

f& J C fifornake t is, 0, 

e 
a 

RISINGEEGE, 

inpa rail 

f 
f 

s 

A 

f 

ire ef 
polarity 

Init input f : 4.' 

burice tige 8f 
fit r time 8/ 
frequency f iter of 
phase filter / 

fe - INTERRUPT ACTON OUNE of 
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f 

IN NE 3 or'ed it? Y? the tat f - linit suits. 
A. 

if ( pin 3-fi fo ) 

Ctgrel ase ( 3 ); A release the io line of 
Cfif-free ( pin-3 fifo ; / free the fif Anemory ef 
pln-3 fifo 
w 

Pin-3-fif s Cfifo ?nake ( 15, O, 0 ); / Init input 2 fifs a 
Ctg. init 

3. A line f 
RISINGEDGE, f polarity a 
1000, bounce tian M. 

8. A filter tiae A 
/ frequency filter a 
A phase filter f 

in 3-parallel / -> INTERRUPT ACTION ROUTINE sy 
) ; 

f 

NT LINE 3 - x index ( detent). 

af 

if ( pin 4...fife 

Ctirelease ( 4 A release the id in Qf 
cififo free ( pinfifi fit free the fifo Re?tory of 
pinfifo 0. 

P-in-4-fi for cf ifo-nake ( is, o, o ); A rhit irout . . f. A 
Gli t . 

w if A 
RISINGEDGE, / polarity i? 

We bounce tian ef 
f filter in A 
/ frequency filter ef 
A phase filter if 

in parallel -- INTERRUPT ACTION ECLI:E 

NIT E t , Y X , deter 

4 f 

if pin...fifo ) 

tgrelease S ) / release the id if a 
cf. 'free ( P-in-fi f ; it free the fif nemory of 
parfi fo s 

pin...ffc. cfiffnake t is 0, ?’ rat input st 

tgif it' 
9 fie ( A 

RSINGEDGE, A polarity M 
bounce the Q W 
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f filter time / 
. f frequercy filter ef 

f phase filter f 
i? 5 parallel is - INTERRUPT ACTION ROUTINE ef 
) 

NE - 5 theta index detent ), 

af 
if ( pins fifo ) 

Ctgrelease ( , ), f release the iO in A 
Cfif3 free ( pin.6.f ifo ); / free the fife anemory / 
pins fifo O 
ty. 

pins...fifo a cfifornake ( , ), O di / Init input e fifa i? 

Ctginit 
6. A line A 
RISINGEDGE, ff polarity i? 

Src tie f 
filter tian A 

-- fe frequency filter / 
A phase filter 

in eparallel - INTERRUPT ACTION ROUTINE NA 

w 

feuded 8 - - - - - 000 lead ocessee essee 
f ip. W ar. Ee 

THREE AXIS AGNMENT SYSTEM 
Copyright (C) 1987 

MP CORPORATION 
7 west STREET, 
EDFELD MASS 

8 MP ?nage praces sing functions. 

to e - 9 - 940 - 9 -- 4 - 0 he 44 - d. 800 - 40 00 dess essa 

f boardx boardy 

f box-l-x box-l-ly box-S-X. box-S-y 

scale parameters stencils cale s / Scale calc stric targe d i? 

31, 8, O, O, O. 0, . . . . . ), O, O, 

scale parameters epis cale; 78 - Scale Cal structure of 

clipbuffer tipiaage; 

soaded on 8 dood 404 to 
t i pin it r 

s Init i?nage process ing. 
s 
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epia- --------000/ 

Void ipini t ( ) 
w 

A. 

int X Y. 
double X, Y, 

A 
boardx is 150 boardy 150 
M 

board x s OO; boardy is QQ 

pscale sistencil-scale: 
x a pscale-xxpercent 
boxx s 2003 

X as OO. O. 
X s (i... O X) 
x - a 100. O 
pscale-Xxper cent 

pscale-Xxsie is 1993 
cal Cscale ( p. scale 
box2 x s p scale Xxfiel 
pscale->w.percent w; As 

f P. 
A 
gpimage clip-create ( ES Sé, 32 

A? 

feed-dee-bee-d 
call CSC alse 

pscale -xy Site s lag; 
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y PScale-ypercent; 
boxy is 300 
Y a y . 
Y a loo.o. 
Y s (1.0 w Y) 
Y OO.O. 
pScale dypercent s Y, 

4. 

bxy P. scale synew 
pScale-yper cert w; 

NENT GENERAL PURPOSE IMAGE JF f 

) 

Calculate parameters for a Scaled ignage. 

stees a 0-4-48 44400004----- A 

we calciscale PS cale 

scal epara?ne terS pscale; 

cube f; 

f is scale. X site; 
pscale- fix Sice fi 
f is pscale->ysic; 
ps cale - fy. Site fi 

f a pscale-Xxpercent; 
ps cale -.: f(per cent f; 
f s p scale-typer cent; 
P. scale - fyper cent fi 
pscale-vnew ( (pscale. fs. S is 
pscale ->y new a (pscale ify Eise 

pscale - neu ?pscale. fsse 
pscale-y-new PScale -- fysice 
A 48 at 8 as 8 40 808 a 84 

* c 3: in back 

pscale-fc per cent / Co. o ); 
P. Scale-yfypercent / ). O J Y }; 

PS Caler fx percent / 100. O J 
( pscale-yfypercent / 100, 

Creat OOMED IN &r OUT) image copy it back to the riginal inae. 
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4. 

-- 0-4-444-0-4th-f 
Cipbuffer zoo?back ( Src, dst x-percent ypercent ) 

Cipbuffer ts r C, dst; a Sr C & Dst images 4 
int xper cent Yper Cent; A to shrink grow ef 

P 

cipbuffer too?nimage () 

double f 

if ( x-percent O ) ( xper cent s ); 
if ( y percent as O ) ( y er cant s ); 

P 
P 

print f ( "Zeon Percent x s Zd Y is d'in", xpercent Ypercent ) 

pscale->xper Cent xpercent; pscale-Y-percent s y percent; 
t; pscale-xxsie E Sr Cuidth; ps Calexy Site s Sr C-heig, 

cal C. Scale ( p. Scale ) 

if c ipinage := 0 ) 
Cipd *te ( i Pi?age 
lipi?m 

iPi?nage Cip. Vindow 

gpi?nage, iPi?age, 0. 
( pscale-xx new p-scale xy-new ) 
) 

:rimage src, dst xper cent, yper Cent ); 
caq-epi . ) ?t Enable access to fraae grabber. A 

C. fset wind tu 

O. 
S75, 447, 
Cliffglidow 

of s 

C. f. set window 

pscale x new pscale Yr'? 
cliff window 
) 

CPPY ( ip i?nag dist 

clip delet ( i pi Aage 
spinage 0. 

ca. Splay 

Q 

if debug node DBGNOPRINTER ) 

wait.tb3b ( ; 
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M 

return c ipinage ) 

M9 -- died - 
Coloninage 

4. 

Create a REDUCED &r :"...F.A.E. image. 
4. 

4 -d- to 0-4- 4 / 

CiP-buffer zoo?a-i?sage ( Src, is , x-percent, ypercent 

cipbuffer tSrc, edst / Src & Dst images of 
int is percent, y per cent a to Shrink/grisu e / 

t X 

A 
templi?nage Cip. Sample Sir C. , , , , 1 ; 
temptinge Cip. Scal ( Sr C, 7, 75 i ) 
teap-image cip-Scale Src, temp-image, ico, 100, , ; }; 

A. 

iPi?age CP-scale ( Sr C, i.e. if age X-ter cant, yter cane, 

return ip.image 
t 

A disasted a d-doo 

air rr back 
4. 

Create a VERTECAU fairror image & copy it back to the original iina.g. 

( et - 8 (0.8-4.88 d 4 A 

Vald fair rr back ( Src, dist ) 

C. p. buffer 0sr C. dist / Sr C Ost images of 

k 
Void cci pairror ( ); 

cc pirror f Sr c, dist 
Caqu ( ; Enable access to frame grabbee. o 
clip. Copy ( dist Sr C 
A 

Ccphairror dist, Sr C ; 
y 

de-detecode 
8 celp ?mirror 
t 

Create a VERTICAL airror image. 
to 40 - - - ------------ 
Void CCi pairror Sr C, dist ) 

cipbuffer Src, edst; / Sr C & Dst images / 

int h. in j, k, 

caGC / Enable access to frame grabber. 4/ 
for h C ( Src height - 1), i s ); i < ( Sre-Xheight) - ) h-- 

P 

for j = Sir C. width - ), k = ( ( Sre-width - ) l; J - , , -- 

litt- ) 
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z SrCrget Src, j, h ) 
distsput dist, k, i ) 

aq-graphics ( ; / Show the LIVE image and message a? 
w 

A - - - - - - - - 
C ciphmirror 

Create a HORIZONTAL arror image. 
----- 404A 
void C. Ciphairror ( Src, dist 

cip-buffer its r c, edst; Z Sr. C. Dstinages to 

int i, j, k, 

ca. Cpl. / Enable access to frame grabeer. / 
for i s ); i . . . s re-: height) - ; ++ ) 

W 

far ( ) ( ( Sr C-width - ), k s (; j x 1 - - - - 

src-. get ( Src, j, i ; 
dist put dist, k, i ) 

caqgraphics (. ); / Show the IWS i?nage and message ? 

f : 8 ft 4 - 99 4 - 0 9000 to 0--000 dose possessssss 
iner of Dec. 33 

t 

Global her declarations. 

be adop-400-4-08---4---4---------000. 98-acetopa A 

?t woffset, yoffset; /* General purpse screen offset values. e. 

har ?ness (8); • General purpose nesia cuffer. 8/ 

A 
as a is a as a 4 is (a 

NENU DECARAONS 

A 

clipbuffer tipaenu is ; fe - Menu nag. f 
cipbuffer tip help a ; A - Help snage. A 

cip-buffer tip-sel-off o f - renu Selection off inage. / 
cgrscreen spicur menu s ); /* - Current renu screen. 8/ 

cgr.Screen mains Creen; 'd enu screer Structus g f 
carscreen tiny screen; 
cqrs creen towr-screen; 

Crscreen helps creen; 
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cgr.Screen copyr. Screen; 

ldefine NOT IN IT - s 
(define MENUPERMANENT O 
define MENUTEMPORARY 

define CENTERED s 
define Y CENTERED s 

int Currenus el; f Current Renu selection. / 
Aenus lection pnenusel ; / X Current Renu Selection. A 

Anuparameters nain Renu is 

?nains Creen, A a greer. A 
O fe - clip A 
O we -- - clip i? 
85, 10, 

O O y Offset of ?nenu in screen. / 
45, ft. Default cursor i? 
CABLACK, .' ( x if 
CAG. WHITE, fi Eff A 
MENUTEMPORARY, 

- * MAIN MENU ". A it. A 
O, O, O, O, O. 4 sig Text. A 

anenuparameters tiny neng 
K 
& tiny Screen, fo - gerr W 
9, /* -X clip M 
, fe s - clip / 

574, 4. 
l a , fe Offset of Aeru in Screr of 

O A fat Crsor A 
CAGBACK, f( x 4/ 
CAO, WHITE, fe order A 
ENUPERMANENT, 

" ", f itle A 
, , Q A x s ext: A 

in ruparameter S tinyver 

%tov rscreen, fo as grgr / 
f : Cp 0. 

, fe - - - - cap ed 
S7, 
ir al-O Offset if aeru in screen, ed 
t 9, /8 Default cursor DA 

ef 
e r A 
MENUPERMANENT, 
n, ig 6. 
, , , , , , 8 is is xt 6 f 

Taut'. ?nh 9, E., " se v "SEUPM" incide to teach a rew tis 't. . . ; 
hanutes, it in f it E7. " Use Y. "E.T." And to altar the sett. ". . ; 
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in-tart Anh.3 s 10, 9, " Use V"PRINVaod to print automatica:, ... ', ; 
genu-text Anh a ( 10, 101. " Use V"SAVEV" nod to save Setup and '... ', 
g 

menu-text ah-5 r ( 10, 22, "Use V"EXITV node to exit the program, , ; 
inenuparameters main help 

c 
helps Creen, f : Scrger / 

O e - - clip i? 
400, 320 
XCENTERED, / Offset of menu in screen. / 
YCENTERED, 

5, ceful t cursor f/ 
CABLACK A 4 x 7 
CAGBLINK, Sirr i? 
MENUTEMPORARY, 
* AIN HELP ", Tit. A 
2.?ahi, &fnh, Anh. 3, ...ish, &nh.5, As oxg x t / 

menu-test thi - c. 20, 25, " line 1 " . 
menu text the 20 57, line 2 " ) 
menu text th3 20, 79, " line 3 , ; 
menu text th ( 20, 101, " line 4 ", 
menu text this 20, 123, " line 5 " 

ment para?seters teach-help 
&help screen, A or gren / 
O vs - clip of 
O a six Cip a 
SO), 250, 
x CENTERED, A Offset of menu in Screen fa 
Y CENTERED, 

Default cursor f 
CAGBLACK A x . A 
CAOBLINK, fe order f 
MENUTEMPORARY, 
* no TEACH help yet ". f it / 
9th, Sth, 8th-3, the th. f Text struct pointers. 

menu text ehl 20 E., " If i " . 
menu text eh-2 20 S7, line , : 
anenu text ah-3 2O 3 * line 3 , ; ; 
menu text eh 20 1) , " line 4 " 
aenu text his 20, 3, " line 5 " : 

nenuparameters edit-help 
K 
help. Screen, fe a gren f 
), a clip i? 
O e - - - - clip A 
500, 2S), 
x CENTERED, fe Offset &f Anru in Screen. A 
YCENTERED, 

, A Default curs r A 
CAGSLAC. A 8 x , 
CAGE LINK, a rer - f' 
MENu TEMPORARY, 
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" no EDIT help yet ". 
eh- ie.h.2, eh, 3, &eh-4, seh. 5 

fenu text phi is 20, 35, 
fenu text ph.2 20, t, 
menu text ph.3 s c 20, , 
aenultext phas a c 20, 
innu text ph.5 s 20, c. 

in nupara Aeters print.help is 
c 
helps Creen 
O ... 8 
O is 
500, 250, 
XCENTERED, 
YCENTERED, 
25, 5, fa 
CAGBLACK A 
CAOLNK, 
MENUTEMPORARY, 
" nr INT help yet ". 
th- phs, ph.3 

ar aenu text cr = suy 
?henu text Cr' s s7, 
menu text Cr3 72, 
menu text cre s c l, : 1) 
Aenu.txt r s 

iner uparameters Copyright is 

&copyrscreen, y 
), As 
O, 
2, 5), 
XCENTERED, f 
YCSNTERED, 
85, d e 
CAOBLACX, 4. 
CA.G.WHITE, 
MENUTEMPORARY, 
* ASP-24 *, A 

ph ph. 
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A Tiel W 
A4 ag. x t if 

line . " 
line . " 
ine 
ine 
ine 

screr. A 
clip / 

tip w 
a '. s 

Cff Set of Renu in screen. A 

Default cursor QM 
Ex 9/ 
3rder / 

it 
s : S is of 

" THREE AXIS AGNMEN SYSTEM", : 
Copyright (C) 1387", : 

IPM CORPORATION, : 
, 71 WEST STREET,", 
, MEDFIELD MASS...", : 

so screen ef 
rx . A 
s. ass A. 

Offset of Renu in sergen. 

Default Cursor it.' 
3.x if 
Border ef 

Tit. A 

g 
a 

e 

Cr-1. Cr3, Cr-3, Cr & Crs, sing x t / 
s 

?nenus election ?ensell 10, 30, , O, NOTINIT, " . SETUP ASP-- ", 
menselection ?ense it), et), 3,0, NOT INIT, " . Ef PRINT ", , ; 
annuselection Rensel 3 19, 30, 3, o, NOTINIT, " 3. AUTO PR: ", , ; 
aenaselection ann-Sal- . 10, is 3, O NOTINT, 4. CLEAN STEMCI" 
aenus fiction aensel 5 30, 10, 3, 0, flot. INIT, S. ANTENANCE ". 
manus election hen-Selts 10, 180, 3, 0, NOTINIT, e. EXIT ", : 
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Add-- (-dd-80040 4000 does -----essesses 
9 at W Fig 3 

THREE AXIS AgNMENT SYSTE 
Copyright (C) 1987 . 

PM CORPORATION 
7 WEST STREET, 
MEDFIE MASS, 

bad a did 

CCC print v 
Rgy at 2.3999999 for test only 

gutted. 84 

did the 

Cognex Rev 1.1 - Intermediate Rev. with known bugs. 
to 

MPM upper level & Renus. 

COMMENT CONVENTIONS 

f s. P s' Iapis" or trfer' 

-X s's ' poincar". 

f x - Y - 'pointer to a pointer". 

ABEL CONVENTIONS 

"ip" s? "image pointer ( cipbuffer pointer . 

"sp s) screen pointer ( Crcreen pointer . 

pp.d. six "pointing devic" pointer ( track bai . 

sea-------0004-0-0-0-00---0-4-----4----00-f 

f 

UT LITY & MACROS 

(f 

A ses-------------- 
apa 

e MP entry point. 

-------------------------------00 
viid apad 
K 

int error Caught 
h errorname; 

if c error caught cct catch ( ) at Catch any error / 

if ( error caught CCERRCUIT 

ct throw ( CICERPOU 

ran s :: name error-caught '' 
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Spri. . ( a SS 
"UNRECOVERABLE ERROR - Zs, Press 1 to Restart Systen", error name 1 ; pdflush () 

upri?ept PASS, pess ); 

duap?odels () ; fe Free Andel memory. M 
du?tomen us (); A Free menu memory. 
dumpparallel A Free parallel /O fifs etc. ?he misry. A 

free Ciftbfile-base ; 
Cifts file->base s ); 
CPC Elete ( te?t planage ; 
f Close ciftb fi : ); 
Anpin ( ) 

else 
P 
W 

d 

w 

4 date e s - e 804880 - 40 
apa Sub 

4. 

st MPM hair fift in 

84 as 44844 a sa sea e Qaqat-au-M 

void doSelection(), gett53data (); 
int i Ji 

t error caught 

print f ( " vinMEMORY STATUS AT INITvn" ) 
chp. Stats ( ; 

q 
cexpandstack 4 J 
chpcheck is 1 ; 
aw f's EXPAND BY lex TO AVOID SYSTEM CRASH / 

/8 TEMP SET HEAP CONSISTENCY CHECKING 6/ 

&p?nade MODEMAINMENU 
motion mode is MODESTATIC; 

/ Set level of diagnostic reporting. 8/ 
reposefault s roDETERSE ?t DEFAULT sediua level diag reporting. of 
replacde is MODETERSE; we CURRENT sedium level diag reporting. af 
repunit is ODEMI LS f Report to PC in inches. A 

tripy (error mess, ""); 

pdx s ); pdy s ); pdikey s ); 
cdpw pdx. pdpy &pdy; ppdikey pdikey 

sa.camera (AMERA, SPL TON, IMAGE POSITIVE ); 
, 8 nt flags ea flag n it 
/0 General purpose an 'unct in o' it it 
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?t PERMANENT GENERAL PURPOSE IMAGE et FFER sy 
if ( 9Piaage O ) CiP-delete ( gpinage ), gpinage is 0. 
if ( GP-image O ) gpiaage Cip-create ( 340, 40, s ); 
if ( teapiaage is 0 ) 

CiP-delete ( templinage ); templanage is 0. 
if tenpinage a 0 ) 

W 

teaPiaag Cip-window ( gpinag, tap. Aage, O, 

/ Init Coma channe is 2 & 3. / 
fe in it menus. M 

In it geometry structs & pointsrs. ow 

Conan init ( ) 
Aenuinit ( ) 
gee?nin it ( ) 
W 
test pseudo ( ) ; 
VA 
parainit ( ; ?' Init parallel I/O channels. A 

pdikey 

fe - CHECK THE WARIOUS DP SWITCHES 84 f 
i Cread dips () 
j is Cior addips wVp () 
printf ("VBXSW s x VPSW 8 xyn", i, j) 
get dip () A Test Cognex back panel DP suitches. A 

set-camprac CAMERA-1, SPIT-2N, MAGE POSITIVE) 
if ( debug mode DBGNOPRINTER ) 

Step init ( ) f init stepper notors. V/ 
X 

Searinit ( ) ?t Init Search structs & pointers. 8/ 
iPinit ( ) ?t Init i?nage processing / 

W 
optioninit ( ); 

A. ?t Init hardware options f 

aakenenu ( ?nainaenu ) . 
menu. Rain ( ) f's Display/Re-display main menu. W 
Caq. Cpus ( ) Me Enable access to frame grabber. A 
Cgridisplayinage ( 

- iPS&n, fe gr / 
Cagialage, st A. 
Paanusel -xx, to x off / 
paenusel - ', 's y off f 

) 
mainmenu. Screen-X cursor x s pinenus et x0 t 35 
nannanu. Screen->cursory a p-menu-selyo 
cgrprintf main Renu. Screen, "s", p-menu-Sel-text 
Caqgraphics / Display the IWE i?nage ar tenu. of 
Curaenuse b - d. Init Current aeru saic tiu sw 

pdflush () ; 
w 
while ( ' (pdikey as 1 & Cuffnenus El Es E 
f 
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while ( (pdikey is 1 & surfaenus all as ) ) 
K 

if ( 

error-caught C st-catch ( IOERRATTENTIN 
( error-caught a cct catch ( SEARERR NOT FOUND 

) 

Ane nunain c f Display /Re-display sal infu (f 
caq-cpu m /* Enaole access to frame graber. f.' Crdisplay i?nage 

iP.S. lon, f src of 
Caqi?age A st 
Penise xx) / x off y 
P-Renu Sel-xy, ?o y off / 

ft ?nag of 
) 

Cat-graphics Display the LIVE image and menu. 
cur-faenu-sel In it current aenu sectin. 
if ( Cta read plbugitimer ) : 3 stoo 

P 

ct? begin pbutiner 
print f : " Resetting Sug ris Ryn 
bigfit'. ' 

- 

get-tb3-data ; ' ' sid 3 but in trackbal ev 
if pdikey as pdikey s is 3 ) .) 

- 

d-selection Ener major op node. / 
?nake?hnu ( inal menu ); 
fRerunnin ( ) Redisplay aain Renu. e. 
PROGEXIT TEST 
next-selectin ( caqimage, -1) A fift. A 
'. 

else if ( pdikey as 

next selection caq?rage, O W . . . ifs as 

el S. 

if ( Cta read ( p, but her ce. 

Ctable gif" Sugiti?ner 
print f : " a setting BUG TIMER\n" 
bug.r.link t'. '; 

get-tb3-data ( ; Saad 3 button track Sall of 
if ( C pdikey ss :: pdikey sa - ) ) 

P 

do-Selection f ; / Enter aajor op acd. af 
?hakeaneru ( ?nainnenu ) ; 
menu ?nain Redisplay main nenu. e. 
PROGEXIT_TEST 
next-Selection ( Caqimage - A fift. A 
v. 
al 

else it pdikey s an 

next-selection CalAage, 0) A0 ns a 
w 
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cc tend c SEARERRNOTFOUND ) 
cetend ( IOERRATTENTION ) 
t 

t 

dumpparallel ( ); /* Free parallel ports & fifs aenory, s/ 
for a side to 4.04. 

Save setup. 

Systefa Save to Save the inspection environment to the 
Cognex 000 floppy disk. 

speed a de 44 4-40f 
void Savesetup () 
K 
?t User Ressage - new disk fest for Muser-correct wrong disk. 

Test for user-correct write protect User message - enter Setup naae. Of 
at Clean aemory and Save system. User Ressage - Remove & label Cognex disk. 

A M 
w 
A. 

a hiddle 4 
t probe teach. 

sa as as a 84ad 40 d44, 4/ 
void probe teach plprobe 

probe parins ep-probe; ?t -- probe struct. A 

cipbuffer Peon back () 
cipbuffer tapCip 

clearness ( ; 
steamera ( p.probe-scanara, SPTOFF, IMAGE POSITIVE ); 
wild Setup () 

if ( ! (P. probe-XAdl.) ) 

pprobes gain Canode->gain; 
pprobe-Xoffset a caqnde ->ffset 

pscale-Xxsie s board x; pScale-XylS is boardy 
cal CScale ( PScale ) i. 

if ( ' (pprobe-?hdl.) ) 

ptp a trinodel set X training parameters. 
cifist. Vindau' ( , i. bardx board.Y. Cliffgwindow 
nevgainoff new off, new gain2 
pprobe-ind a traodel p.probe-andl, TRUE 

or 

PPr-de-Sgain Cachod gain; 
p.prberxsoffset s caqihade-offset; 
p.tp s strinogel Set x training parameters. 8/ 

Cif Set window PScalex-new p-scale-yne, C. ff.: ; 

new gainoff ( new aff2, new gain ; 
ppr:be -. Sindl a transdel piprisbes. Sind, RU ; 
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cif-set-window ( 0, 0, 575, 447, Ciff gwindow 
if (P. probe sadl) && (pprobe-sand) ) 

is 

PProb- >Sea-paras s k?ay normsearch 
c3-search ( p probe-?hdl., p. probe, SEASHOME ) 
V 

else if (p.probes Xsmdl.) ) 

P.Prab-i Sea-paras &nynor a search 
C3-search P-probe Sandl, p-probe, SEASHOME 

t 

f4000-0-0--d-: 
digometry. 

d 

t4 - 0 80-based be 
ld digenetry ( p.probe, p.prbe 

probparns fpprobel, p.probe; 7 x probe strict. e. ' 
k 

ar terror na ne; 

A as a -- - a TEAC CREE MODELS FOR GEOMETRY CACULATIONS - - - - - - - - sy 
pit s k traodel; f Set X training parameters. A 
prote teach ( p.probe 

p.tp a transdel; f's set X training paranters. P/ 
probe teach ( p.probe.2 ) 

f - - - - - - a GEOMERY CACULATONS as - a -s / 
if debunode 's DEGNOPRINTER ) 

( 
opinode a MODE GEOM 
if 

( error caught is cct catch ( IOERRATTENTION 
; : ( error caught t catcatch ( SEARERRNOTFOUND ) 

sprintif c error aess, 
"UNRECOVERABLE ERROR - is, Press 1 for MAIN MENu.", error fans; 

uprompt ( FASS, error mess 
cct throw ( GEO ERR NOT FOUND ); 

els 
cal cigeometry f at Cal C fail pixel 3: t, et a ste 
cc tend ( SEARERR NOTFOUND ) 
cCtend OERRATTENTION 

&p is PODETEACH; 

set camera ( CAMERA, SPLITON, IMAGE POSITIVE 
4. 

ye to dd 400 1 0 - d.d. 

di tit. 
f 

it s 68 at 800 do so soda so. 8 

is it it 
A. 
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model edit c 
Clear prompt ( ; 

A d 4 44- -- eat aud 
print it. 

44484-4-----------ee-eaf 
Void print it ( ) 

int error Caught 

if ( error-caught s cct catch ( IOERRATTENTION ) ) 
W 

realignit (); / We back to "ho?te" location ( if nodels found sy 
cct throw ( IOERRATTENTION ) A NOT ERROR is VIN ATTENTION S a? 
A 

else 

if ( error caught cct catch ( S2ARERR NOTFOUND ) 

Sprintf error AneSS 
ERROR - CAN'T FIND ALIGNMENT TARGET, Press to continue." 

- uprimpt ( PASS, er reness ; 
sprintf error-?ness, 

Print had up remove board ther Press for MAIN ENU. " . 
uprampt ( PASS, error ?ness ); 

else 

print. Sub () 
cc tend ( SEARERR NOT FOUND ) 

cc tend c IOERRATTENTION ; 

-east-4--------------- 

tea Chit . 

sea add --- d - - - - - - - 

void teach it ( ) 

irt error caught; 
har terrorname; 

f 
error-caught a cct-catch ( GEO-ERR-NOT FOUND 

:: error caught ect catch GEOSRRADiOTCR 

sprint f ( error Aness, 
"UNRECOVERABLE ERRCR - is, Press 1 for MAIN MENU. ", errorname i: 
prompt ( PASS, error-?ness ; 

else k 
teach sub ( ; 
cetend GEO ERR-6ACOTCR 
cetend ( GEDERR NOTFOUND 

t 

's so see so seed-e 000 
8 teach sub . 

s 



Re. 34,615 
151 152 

de 80400004-08 se/ 
v is teach sub ( ) 
p 

void gettb3data 
int r 
int error Caught; 

u.ARSS ( NOOP, 
"CO YOU REALLY WANT TO TSACH 1 to continue : to ext 

pdf us ); 
while ( ( pikey as 1 

K 
get-tb3-data ( ); / Read Cognex 3 button trackball sy 
if c pckey E. & ) 

else if ( pdikey is . ) 
K 
break 
X 

else if c ( pdky s 
K 
opmode s ODEMAN-MENU, 
break 

- 

set camera ( CAMERA, SPLITCN, IAGE POSITIVE ); 
Clearness ( ) 
sprint f ( aness, 

"OFFSETS x s Z. 4f Y s 21.4f Theta is Z1. 4f to continue", 
editoffsetail. x, editoffset. Aily, edit.8ffset. nil. t ) 

upronpt c. PASS, Ress ) 

- duap. Rodels ( ); A Free Ansel fre?nory. A a 

uprompt ( NOOP, 
"Feed board, align pries, then press 1 to enhance inages.") 

vidset up ; 

manual align ( i ; 

Ca G. P. Enable access ta frame grabber of 
ca. Constant ( CAOPASS ; / Clear screen Da 
a graph CS ?t Show the LS are assa of 

supr:mpt ( NOOP, 
"To define alignanent targets, Press 1." 

ptp s : tri-nodel; a Set X training parameters. 
probe teach P. probl 

p.tp s & trandel; if set training carameters. 
probe teach p-prob. 

A so ea as ess as se - so a seas so a a f 

set: anara 3A1ERA, 3FL2, IMAGE POSITIVE 
A 

up rampt PASS, 
"Set ghts focus to w w Stencil. Press when cone." 

d 
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uprompt PASS, 
"Turn board lights off, Set stencil lights focus, to continue" 

tlantial align c 1 J 

set-camerac CAMERA, SPLT-OFF, IMAGE POSITIVE 
doge?hetry ( p.prob. p.prb. . ; 
Widsetup(); 

error caught s - ; 
while error caught ) 

if ( error-caught CCt-catch IOERRATENTION 
if arrr caught s - ) 

P 

str Cpy ( error ?ness, 
" REPEATING stencil to board alignac. ". 
). 

uprompt ( NOOP, error mess 
V 

else K 
uSerial ign 
pd-flush ( ); 
cCtend ( 10ERRATTENTION 

w 

A 4-bed de 004 

do Selection. 

Major Operating nodes - upper level. 
al 

a had 4- 4 busius A 

void doselection () 

suit Ch ( curfner usel 

Case : 
p.mcide s MODETEACH: 
sea rif it ( ; it. In it search strics . . . . . . s. 

f 
if pdikey ss 

teacht & earn a new alignment tr; :ss. 
ge 

Set-Camera ( CAMERA, SPLIT-9, IMAGE POSIT:/E 
A 

Seloffset a ; 
e/ Skip curs r to Print nic. of 

break; 
se : 

: Pande a MODEECT; 
es: tilt ; ... O E PRINT set . 
Set-Camera ( CAERA, SPON, AGES: T:... 1 
Curmen usel is ; it free :... 6. 
break 

Case 3: 
prode s MODE PRINT A s stic PST : - 
print: t t i ; 
sacaanera . CAERA, SPL tice, age scS: T: , ; 
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Curnensel a 3; A For sit A 
break 

CaSO st 
op. Rod MODECLEAN 
if (p-prob- - ne. J & Prist - singly 

ck (PProbs ?ad) & (P. prob-...sindi) ) 
Clarit (); 

else 
upron pit ( NOCP, 

"Setup required before clean, 1 to critinue." 
?t 

curfeenusel A Force exit. If 
break 

case SS 
epanca a MODEMAINTAIN 
Alaintain it ( ) 
currenus 5 
break 

Case e: 
f 

dump models ( ) 
topmode MODE EXIT 
Cur?enu-Sell a 5 

f 
printf( "Vnvn ??? Menu selection s ??? Ynvn" ) 
break 

t 
d 

M-seed a deed 0 - 0 08080 - - - - - - - - - dest sessesses 
8 print, w F, 9 
4. 

THREE AXS ALIGNMENT SYSTEM 
Copyright (C) 1997 

MP1 CORPORATION 
WEST STREET, 

EFEO ASS. 

be dated 4000d4 4-4 48 004 edits a 

cipbuffer 8 templifrage s ); Me Ifrage work buffer of 

woff, yoff, taff; 

vd g3t', nanual ) 

double Ranual 

tf f is manual ptaxis-rps t ROUNDUP ); 
stepper ( p, taxis, ( (toff), 3000 

w 

vcid dox manual 

double thanial 
P 

f f is manual / X axis - nps ROUNDUP) 
stepper ( p. x-axis, aff, 099 

4. 
t 

visid dy manual 
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double manual 

Yef ( (c. nanual / py-ass-: nps ROUNDUP ) 
stepper ( Ply-axis ( (yoff), 10000) ) 

f 

At 800 000 to abs 

bug reint 
t 

Reinit parallel carts - Cognex INT bug. 
4 seas - 

void bug reinit ( ) 
w 

Ctgrelease ( . ) A release the io in f 
Ctgirit 

fe line . A 
RISINGEDGE, ?t polarity / 
200, f' bore time f 

f fit r tie A 
f frequency filter / 
it phase filter / 

in parallel w - INTERRUPT ACTICN ROUTINE a? 
) ; - 

Ctirelease ( 3 ); f'? release the io in 7 
Ct girl t . 

a d 1 if t. A 
RISINGEDGE, ft pillarity 

f bounce time of 
?t filter tan A 
/ frequency filter of 
/ phase filter f 

in parallel f 9 s - INTERRUPT ACTION ROUTINE 
) ; 

ct release ( 3 ); f release the is in 9/ 
Ctg. it . 

f i? . A 
RISINGEDGE, ff polarity 
i (), / bounce t?in f 

fter the M 
'• frequency filter of 

2 it praise filter i? 
insparallel a - : INTERRUPT ACTIC ROUTE 

48 8d. i44 ed. 40 d ded d 

8 prints ub. 

a PRINT E. 
The ASP - Provides an "... t. align" signal to the vision systein 

> &n PLC-5. Each ti?se p in 2 is received the ASP-34 is aligned by 
g the vision Syste? ts: the current board and a PLC-cle signal enables 
s the ASP-34 to begin printing. 

a sasa as a 4808 04 - ef 

wild print. Sub () 
A. 

Vld Print-sub’. align-it (), realignitt ; 
double rts le . ; 

C2buffer phal fi?hage; 
C; i3 it fidge, P. Cie; 

rauced ris 
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... double X-CEN, Y-CEN TVii ceNTER FOR PSEUDO INVERSE : . . . . . 
pprobt-Xgoodsearch s FALSE 
PProbl2-goodSearch FALSE; 

pfudge fudges 
fudge. p. i is 0; 
fudge. p. f is 0; 

if c ( !pprobi-sand ) ( p.prb- and ) ) 

uproapt c. PASS, "ERROR - No SEARCH MODEL Press to continue." 
. 

else if c pedkey is 
f 
As 

Capu ( ) /* Enable access to frame graster. 
A 

caq constant ( CAGPASS ) ?t Clear screen a 
Caggraphi C.S ( ) / Show the LIVE image and essage a 

uness ( PASS, "AWAITING PRINT CYCLE"); 

alignkstate a FALSE 
- while alignok State TRUE ) 

test attention ; 

/ RESETTING INTERRUPTs 1,2,3 ONCE PER HOUR / 
if ( C targad pbugitimer ) > 3600000 

Ctate gir ( p bug...t?ner ) 
print f : " Resetting BUG TEgyr" 
bug renit () ; 

iness PASS, "PRINT CYCLE IN PROGRESS" 

while ( ( openode as MODEFRINT ) 

test attention?. 

We --------- rsssssssssssssses ------------- 

if debugaode ss DEGNOPRINTE: 

Sosa back MAGE canage, E, to 
A s so a passes assess - a sa e s - - - - - - - - 

print-2Sub DEGNORMAL ; / search & cale far bath press 
f as as as a ( . . . . . . . . . . . . . . . . . . . . . 

g 

f . 
Prs. god Search sat RUE) 

: "P.Prab - godsearch is a TRUE) 

it f all gri in , Y, , , o 



t 
d 

realignit 
t 
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alignok state a FALSE 
ulaass ( PASS, "AWAITING PRINT CYCLE") 

/ Wait for align-ok flag frcan parallel input interrupt... ." 
while ( alignok. State is TRUE ) 

t2st attention(); 

At RESETING INTERRUPTs 1, 2, CNC pes. HOUR / 

if ct?m read ( p.bigtimer ) : 300000 

tin begin ( p. bug ti?ser 
print f ( " Resetting SUG TIMERVn" }; 
bug reinit (); 
V 
A. 

up to as e o same so sor a on a o os up o a a so as as as a so o an a o or e o . 

realign: , ; /* M:ve to "home" location (if indels f:urt. •. 
- a sa- - - - so so a a s - a - so so so a a - - - - - - - - - - - - - - 

u?ness f PASS, "PRINT CYCLE FROGEE 
4, 

A sve back to "hane" lic Catin ( : dig furs. 8. 

post-8-40-4444 
alignit 

ALIGN THE STENCE OR SLSCRSEN TO THE CURRENT ARO, 
d4 dawdd 4 did - 

V ad all gnit ( ) 

tf f is 
plpseudo-stheta - editoffset. nil. ) / pass - mps 1 - FC.? 

Stepper 

f f s ( 

pitaxis, ( - ?taff ) , 50000 ); 

: PP Sudo. Cffs. edit::ff Set. T: . . . . / t-s: s - nes. . . .'; 'P 
y a 

stepper plwaxis, t-x.off. , 300 ; 

yff s (. 
plpseudo- Coff Sy edit.ffset. al... y / Yak: Sr. in as 1 + FNCUP 

Stapper ( Pyaxis, - (yoff 3, 10000 

. 
( toff K 

... tiff w 
) & ( x&f f < 50 ) .% yeff to 
) & ( xiff > -5) ) 3& ( yiff > -ss) 

as ested 4dd 

e real ignit 
4. 

1&ve back to "ho?he" l.c. Catin. 
00000000004-04 - A 
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Void realignit ( ). 
C 
if c ( p prob->good search s s TRUE 2.3 ( P-probl2-Xgoodsearch ss. TRUS 

C 
stepper ( p taxis, t& ff ) , toooo ) 
stepper ( p. x-axis, ' ( xoff 1, 1 Joo ) 
Stepper ( Pyaxis, ::ff , 1000 ); 
V 
A. 

W4 - 4 44044 as 
print.2sub 

t 

t and level of PRINT MODE. 
s Search & Math for BOTH probes. 
- 4000000+0-4- 
void print2Sub ( anode ) 

int a?hed; ?' Model node - p53-NORMAL or EG class. 
V/ r 

void print.csub . . ; 
doub- P1-APP-A, P-NPP-ly P-PP- -nitply; 

prints ub ppr:bl, A?node : 
print. 3 Sub pp rob, inade : 

capulse out ( , 1, 1 ; / PS align done -100 ns 4 / 
cio-pulse put , , 10 ; a P align done.- 0) as a 

f assessessee eodee -88088-8004 4448 ed 88000000000 egosoeeeeoo of 
PSEVOO-(NVERSE COORONATE TRANSFORM aw 

as a 100 a 44404 ess a 4- 4 - 0-0 0-444 - 4: 144 - 14 - 8.44 - 4 adapas 

print f ( " -- COORDIMATE TFANSFORM -\n"); 
4 

iO TE : For screen correct only, Sub x diff, Add y diff. 
A. 

pSC in it i. p. pseudo 
and escal e s FF; 

if spinde ss (CDEPRINT ) 

c5 Cadd ( 
pprobi bart. Pixx p.prob-baspp. x), 
(pprobl .bcrt. Cix of PProb. tapp, y, 
( pprobl S. Cart. pix. & P. probles diff. pix. x 
st plprobi ... ban pp. x), 

p.probl - b. Cart. Pi X. Y PProbi diff. Pix y 
p-probi bApp. Y), 

plpseudo 
) ; 

pSC add ( 
(pprob2b. Cart. Pixx Prob. b?app. x), 
(pprob2b. Cart. p. ix. y P. prob2b.mpp. y, 

p.prob, b. cart. Pixx p.probdiff. pi. A 
a p-priobbin pp. x) 
( pp reb. O.Cart. Pix Y Pprobl2 diff pix. Y 
8 p.probl2 bin pp. y) 
ppSeudo 
) 



else 
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else if c anod is a DBG CORRELATE ) 
{ 
pSC add ( 

( ( p probi Scart. pix. x ) p.probi ?pp. x), 
cc piprab-i Scart. pix.y ) p-proD. Sin pp. Y), 
(c p-prob- bc art. pix. x p.prob! - bmpp. x), 
( ( PProb. sbcart. pix.y ) p.prbi - Capp. y, 
pp Sud 

ps Cadd 
( p.prb's cart. pix. x ) p.prob2-mpp. x), 
( PProby Scart. pl.x.y p.prb2-mpp. y), 

( ( p.prob3->bcart. pix. x ) p.probl2-bmpp. x), 
C. P. Prob. b. cart. Pix.y p-prob-bapp. Y', 
PP Sudd 

- 

pS Chuu 
(pprob1 xScart. pix. x p.prbi - inpp. x), 
(pprobl Scart. Pix, y R p probi - Anpp. y, 

pr:t. Scart. Pix. 4 t PProb. diff. pix. x 
prot. ?pp. x 

( prob. Seart. pi. PPrs. ... if f. ix.y 
* p.prb . App. / 
plpseudo 

ps Cadd 
(PProbs cart. Pix. x 
(p.prb.-S. Cart. p. ix. Y 
( . pp reb. 2XS cart. Pix. x 

p.prob. App. x), 
p-probs scar. pix.y 
p.prob? anpp. y), 

PP Sudo 

w 
A. 

dage:?m P. pseudo 

shou-geom ( P_pseids ; 
printf " -- TRANSFORM DONE --vn" ); 
A 

'sapegas 800-404480000 - 
o print.3Sub 
4. 

t Crd level of PRINT OE. 
Search & Math for NE probe. 

se-eeee-eee-tettt? 

... int godcorrelate; 

void print.3Sub ( p. Probe A-?hod 
probe.par?n's approbe a -y 
int anode 

int toff 

PProb?ht P. s. 1, 
PProb-2-?pp., y, 
t pp rob- diff. pix. v. ) 

t pp rob-diff. pl.x.y 

probe struct. A 
/ Midl and - 

DeGNORMAL, DEG CORRELATE / 
A Theta of Set in Rotar St. q 
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int code 

set-case rac p-probe-X camera, SPLIT-OFF, IMAGE POSITIVE if ( ! (P. probe-ds andl) ) 
c r 

Canodes>gain p-Prote gain 
Ca?node Xoffset a P-probe-yoffset 

cif-set-Vindow ( o, o, .575, 7, Ciftgwindou ) 
A to as to an as a as . . . . . A. 

find/save current model position. / 
is a as a -s a -- to is as a so sees so -e- if 

P-Prot-tSea-paras &ny normsearch 1- - - - -- 

C3-search p-probe-Yindl, p.probe, SEACURR, ) 

repfacde repuefault A Diagnostic rPorting to default inc. 

f* CALCULATE ANGULAR DISTANCE HYPOTENUSE FROM ope POSION M 
P-Probe-trig. Plrt3 rt-initic p-probe-strig. prta 
P-probe trig. p-r t3->SIDEA t ( fabs ( p probe-xdiff. pix. 
PProbe-trig. P_rt3-SIDE-5 fabs ( p-probe -:diff. pix. J); 
rt-solve ( p probe-Xtrig pirt3 ); 

printf ("FINALwn") 
f CALCULATE OFFSET ANGLE FROM MODE POSITION. 
P-Probe rig. P-rt rtin it p-probe->trig. prt.4 
P-pro-. trig. Prt4-XSIDEs is P-probe trig. p-rts->HYPOTENUSE 
P-probe trig. pred-YSIDEA a 

( p-probe-strig. prt3-'-HYPOTENUSE / 2.0 
rt-solve ( p-probe-strug. prts ) 

toff (2.0 ( ( (P. probe-trig. prt 4-xAACUTE / P-t-axis-saps) -ROUNDUP 
if C probe x diff. ix. x : ). O 

toff s ( - toff 
t 
A 

f 
printf 

"\n stees TANG s ::f TOFF s zdvn, 
P-Probes trig. Pr t&-AACUTE, toff 

, be 8800000-base 
user align. 

s 

4. Correlate stencil to board Sing user defined undug, 
48 

988 4-04-444-4-0s spy 
Vid use ral ign 
s 

double P-PP-' P-PP-Y, p.mpp. x, pinppy; 

f 

st-camera ( CAERA-1, SPLITON, IMAGE Positive s 

set-camerac CAPERA-1, SPL: T-cFF, IMAGE Positive 
Wid. Setup(); 
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W 
uproapt ( PASS, 
SENCIL TO BOARD ALIGNMENT ress to continue. " ); 

Apro?apt c. PASS, 
"Define STENCIL targets using trackball. Press i to cantinue. " ) 

uprompt & PASS, 
"Press 2 to Site box, Press 2 in to move box, to :::tinue." 
Cifset window - - , , , 0), Ciff gwindow : 

set camera ( CAMERA-1, SPLITOFF, IMAGE POSITIVE 
findeenter ( &pprobl - scent ); 
test attention (); 

sat camera CAMERA, SPLIT cFF, IAGE POSITIVE ); 
find center ( &pprob--S-cent ); 

set camera ( CAMERA, SPLITON, AGE POSITIVE ); 
caq. m der: gain s pp rob gain; 
can:de-38ffset s p prob: ‘ffset; 
a 

up rampt PASS, 
Set lights & f: cus to view board. Press when done." 
A 

irrempt f PASS, 
"Remove Stani ights, Turn board lights cn & focus Press 1 to contin: " , ; 

up rampt PASS, 
"Cefine BOARD targets using track tal. Press 1 to continue. 
(A 
uprempt PASS, 
"Press to Sie box, Press again to nave box, 1 to continue. " i ; 

set camera ( CAMERA-1, SPLITOFF, IMAGE POSITIVE ); 
ance.gif pp rob gain; 

caq. made X3ff Set is p-probi . offset; 
f:rd centar ( , ppr:51 - b. cent ; 
tes attent in ( ) ; 

set camera CAMERA-3, SPITOFF, MAGE POSITIVE ); 
cander gain p-prot-2 gain 
caq. mcde-offset s P. prob--offset; 
find ceriter c & p-prob2b cent ; 

As 
De compensate the MPP values for probe angle. 

a as to u uses as who is a a 4 v 

d 

prt s r to; 

prt s rtinit C prt 
pre-XAACUTE is p-prob- - prote-angle; 
pre-xHYPOTENUSE is p-probi - app. x; 
rtsolve ( p.rt 
p1.nppx s p r t-SIDE-8; 

prt s r tini t ( Prit ); 
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pre-XAACUTE s p probi-sprobe-angle; 
prt-XHYPOTENUSE p.probi - mpp. y; 
rtsolve ( prt ); 
pappy a prt XSIDE.B. 

prt s rtinit ( prt ); 
pr t-xAACUTE s p probl2-probe-angle 
p-rt-HYPOTENUSE p-prob-2-: app. x; 
rtsolve ( prt ); 
pappx P.T SIDEB; 

prt a rt init ( prt ), 
prt-xAACUTE pprob-3 probangle 
pre-HYPOTENUSE p-prob:-3 app. y; 
rt solve ( prt ) 
pappy s prt-XSIDEB; 

ps Clini t ( 
pSC add 

pp. Seudo ) ; 

( p.probi : Scart. pix. x 
i. p.prb Scar. Pix . A 

4. 
p.probi . Scart. Pixx 
p.probl te?t x 

( ( p.prbi - Scar. Pix y 
+ i. pp rob - b. cent. Y 

ppSeido 
) 

ps add ( 
p.prob2-Scart. 2 x x . 

( Piprob-scart. pix.y 

( p.prbs. Cart. Pixx 
- i. pp rob Scent. -6 

( p.prob. Stift. i.i./ 
* p.prb . . . . . . 

plpseudo 
); 

3:en Pipseudo 

Fitwigeon ( PPSEudo : f 
taff s ( plpseudo-stheta 
Stepper ( p, taxis ( (toff)), 50000 
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PProbi Scent. x ) pr: - . Acc. . . . 
PProbl 5-cent y p.probi - 'App. 
* Pprobl app. x) 
t prob. Xapp. x) 

probl fipp. Y. 
p.probl anppy J 

scent. x 
Scent. y ) as 

p.probl2-Xmpp. x. 
p.prob3-mpp. x) 

a ptaxis-aps ) 0 ROUNDUP) 

xoff s ( ( p.pseudo->Coffs. X / Praxis-?aps ) + ROUNDUP ); 
stepper ( p. x-axis, c (xoff' ', 100 

yoff s ( ( p. pseudo->Coffsy . py.... is 
stepper c pyaxis, ( (yoff ' ', '90 

V 
A. 

Wesseedeo 0008080808 00 
f findical Steps. 
e 

s Calculate maxinu? Se of a : war g with distir to seen probes. 

! ; 
-: nps ) + ROUNDUP ) 

l &ve. 

t pip: 
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Meso de-f 

Vid findical-steps ( p-probe 
P probparns •ppr:-be; e - probe struct. A 

, double diff, Ydiff; /. Difference of cat::ns . . . 
du * rat. Yrat Ratio if nax to the ts. 8 

f disible brog bry /* Flat values f:r re-v sis. e. 

stepper ptaxis, ptaxiS defical steps, 500) 
quik delay (); / TEMP f/ 
pprob-sea parins is k?aynarms earch; 
C3Search ( p probe Sandl p-Pro, SEACURR, ); / Find ST and a positin - 

stepper ( p.taxis, ( ( ' ' ' 2-taxis defical steps: , ), 10cc). 
quik delay TEMP i? 
piprab - sea-par fins s ?hyn ran search; 
c3 search ( p.probe Sind, probe, SEACURR3 Find ND model pts it in e. 

stepper ptaxis, ptaxi S. defits listers, 5000 ); E. S. in P 
q:k delay (); / TSMP a 

x diff s ( fabs ( p probe- diff. p. x. x ); / 4 DIFFERENCE OF LOCAT:CNS : . . . 
Yoiff s fabs ( p.probe-i-diff. pl.x.y )); 

A --- says. Mr M --- sy 
A 4 - - - - - - SOLVE LOCAL TRANGE s - - -s / 
p.probe-Y trig. prt s r tint p-pr:be trig. Prti ) 
pprobe extrig. prt -SIDEA S Ydiff; 
pprobe--trig. Prti - SIDE-9 s Xdiff; 
printf " --- THETA CALCULATION - - -\n"); 
P. taxis-pel delta E rtsilve P. probe-trig. Prti ) 

--- --------------------? --- / 

brd-x s boardx + 100.0 birdly a bardy - i. 

if r diff Ye: if f : 

x rat s ( (575. ( - 'bre's / Xdiff ) 
pitaxis - Cal steps P. tax is . defical Steps x rat 

else 

yrat s ( (488. O - (bridy ) / Ydiff ) , 
ptaxis scal steps p-axis defical steps 8 yr at 

if ( p, taxis->cal steps 2000 

pitaxis->Cal steps it; 

printif c ----------------------- - - - --vn" 
printf f " Theta Cal Steps d\n", pit-axis-scal-steps i 
print f ( " Theta call xdiff s f", xdiff 
print f ( " Theta cal ydiff a f\n", Ydiff 
printf f * Theta call x rat s f", wrat 
print f ( " Theta call yr at a f \n", y rat ; 
print f ( " Theta Cal tdiff f", p. tax is - pedelta ; 
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print f ( " Theta Cal steps is d\n", ptaxis->cal steps ) 
print f ( " ----------------------------vn" ) 
A. 

Pn 

Mudd 80 due to 44d 
o board prote genetry. 

Cal C. lite board geometry for on proce. 

: 
as a 400008080044/ 
yid board probe geometry ( p.probe 

probe paras ep probe; / - probe Struct. 7 

double fabs ( ), rt. Solve ( ), et solve 
vid Soft delay ( ) 

tangle artinit ( ) ; 
etingle e init (. ); 
double x diff, Yoiff A lifferenca sf leat: rs. . . 

8. A 

double new angle, Sign = 1 . ; 

p. x-axis-3?nil delta 0.03 
pyaxis-?mildelta 0.0; 

set camera ( p.probe-X camera, SPLITOFF, IntAGE POSITIVE 
sprint f ( ?he SS 

"se. BOARD GEOMSTRY se Probe Zd be Press to continue ge", 
pprobe - camera ); 

uprompt ( PASS, ness 

sprintf f ?ness, 
"Probe Yd MPP x s zf Y f", 
pprobe - Ca?ner a pp robe b?app. x, p. probe->bapp. / ) 

uprasn p' '. PASS, ?ness ); 

sh'aal it, it be after a O 
set camera, p. probe->camera, SPLITOFF, IAGE POSITIVE ); 
As a 4- 8 PM 
A 4 4 x 4 - U - W 
A 040 d0 / 

p.tp s is traodels 
probe teach ( p probe ) 

at St - training parameters. A 

sprintif c aness 
" Move board fails to the left of Center. to continue 08", 
p. x-axis-XRil delta ) 

uprompt ( PASS, mass ); 

Used to Calculate the board Anil ?per pixel values for sat if trass. 

c3 search ( p.probe->adl, p-probe, SEACURR, ); /* Find 1ST nodel positic, e." 
Sprint f an SS, 

* Mave board Zf mills to the right of Center. 1 to Continue st" 
px-axis->?hi-delta ; 

upra-mpt ( PASS, neSS ); 
c3 saareh (, PProbe-ind, p-probe, SEA-CURR2 ); /s find rid model position 
diff s fabs ( p.prbe- diff. pi: . . . . ; / DIFFERENCE OF CCATICNS . 
diff s faSS , p prote giff. P. A. f 

q 
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M a o or so a so so us us as a os M 
a - - - PROBE E - - as ef 
so us as as a o a so a so so as a - A 

pprobe - trig. prto rtini t ( P-Probe trig. pre: ; 
p.prber 3 trig. pr to-SIDEA a Xdiff; 
pprober trig. prt0-xSIDER a taiff; 
p. x-axis pel-delta rt-53 e p-probe -- trig. pirti) /8 Sil've triarce 8. 
probe - pr:be angle s P-probe. trig. Prti - AACUTE P 

A a - a a a - - - - - - - a as a no as a sas a so. A 
as a SE MPP FOR BOARD as a 
o us as an a so so s so o s - o os as a so f 

P-probe. ban pp. x 2. P-X-axis sail-delta ) / Ply-axis-paldi ta ; 
A a 44 840 A 

et Y - d. A 
A 4-4-8. A 

sprintf f ?ness, 
" - BOARD GEMETRY • Prote Zd to Press to contrus (e." 
p.prbe-X Ca?nera ); 

utritinpt PASS, iness 

sprintf ?ness, 
" Move board if ?hills to the rear of Center. to continue d", 
pyaxis - ?ail delta); 

lupr:?npt C PASS, aness 
c3. Search ( p probe-andi, p. probe, SEACURR1 Find ST model position 0. 

sprint f ( ?ness - 
" Now board if an is t t freft f Centar, to continue 4", 
pyaxis Xfinil delta ) 

prompt ( PASS, ?ness ); 
c3 earch ( p prote-ind, per&be, SEACURR2 ); /* Find 2-D ceal t-sit::r 8. 

xdiff s fabs ( p probe-diff. p. x. x ) ; / DIFFERENCE OF LOCATIONS i & C. 
Ydiff s fabs ( p probe-3 if f. pix. )); 

as as a a as in an as as a as M 

A - - - - PROBE ANGLE - - - - 8/ 
A 9 as a - - - a us - a - - - - so so i? 
pprobe- : trig. pir to a rtini t ( pp rebe - trig. p.rto ); 
Piprisbery trig. pir to-XSIDEA S Xdiff; 
pprobe- trig. prto-XSIDE.8 s Ydiff; P 
pyaxis->pel delta a rt. So Ve . P. probe trig. Prto ?t Sibi we triangle . . 
pprobe-Xprobangle s p probe trig. pir to AACUTE; 

f : - - - - - - - - - - - - - - so se - - - - - - - . 
- - - SE PP FOR BOARD a - 0. 
so us as as up an ea as as ap ou a es up so to to the is a - P - d 

piprabe-jsbmpp. y = ( ( 2.0 p-vak is nil-delta ) / Ply-axis->pel-delta ; 

gpr rit f ( ?he SS, 
"Probe zed MPP x = i f s f". 
p.prbe-x camera, p-pr:2e bin pp. 4, p.prbet?, pp. y ; 

up rampt PASS, ?ness ; 
V P. 

A so a poooooo 08 de 84 - 08 0. 

o “ge: The try. 
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Calculate axis geometry for on Orb. 
is 

80900-toeot 4 sess 
void x-geometry ( p.probe ) 

Probe parins P-Pre; ?’t probe struct. 
W 

suble fiss' rts: I ve titlve ( ; 
W soft-delay ( ; 

ulness PASS, iness ); 

caq-node gain a p-probe- sain 
Caganode-yoffset a PProbes offset; 

Stepper p. x-axis, Pl-axis Scal steps, 50000 
Gutik.delay () A TEMP of 
PProb- Sea-tarns &fny normsearch 
C3-search ( p.probe - Sind, P-Prote, SEACURRi ) vs Find st ?odel posts, e. 

stepper px axis, C - c P-x-axis - cal-steps)), Scoo ) ; 
quik delay (); / TEMP / 
PPrab-i > sea-parms sayrora search 
C-search p-probe-sand, P-Probe SEA-CURR2 ); / Find D and PCSition 4, . 

PPer P-x-axis, pc-axis-scal steps, toolbo ) A back to hone sy 
Culk delay ( ) A TEMP A 

'. 

th99-004484-passases 
Ygenetry. 

- 

d . Calculate Y axis geometry for sne probe. 

tet---04-800-sease/ 
void y-genetry ( p.probe ) 

Probe paras PProbe X probe struct 
-- 

dube &S3' r t-solve ( ), et solvec ) 
Wid Soft delay ( ) 

uness c PASS, ngs 

Caq-eeded gain a p-proba - sain 
caq-node->offset is p-probe-saffset 

PPer Ply-axis P-Y-axis-scal steps, stood ) 
quik delay () TEP / 
P. Prob-i Sea-paras s anymoral search 
C3-Search ( p probassadl, PProbe, SEACURR, ) 8 Find ST nod PSitri e ' 

stepper pyaxis, - V Plf-axis cal-steps))), tooo 
quik.delay ( ); / TEMP a 
PProb- Sea-par?as a myrorasa arch 
SP-search P-Probe. Sind p-prots, E3AcRR ... Find No hde & St. o 
Steaper pyaxis, P-Y-A is Cal Steps, ti) back tit Pine sy 
Sist-sel ay" . ; A TEMP 

f the 8800 bedded seassess 
probe geometry. 
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Calculate geometry for sne probe. 
{ 

( 10 0-0-0 seasef 
wid proegei?ne try ( p.prata 

Preparns pr:ble; a t , crite stree. 

te fabs . rts: we . , 
WD s: faelay ( ; 

tangle trtin it 
et-angle tetin: t ( ); 
dule x diff, Yoiff; 

f 

3suble newingle sign a 1. ) 

print f ( "48 PROEE GEOMETRY () as \n"); 

sprint f ( ?ness, 
" PLEASE DON'T TOUCH PRINTER, 
pprobe -> camera J 

set camera ( p.prbe- camera, S.CF AGE POSITIVE ); 

g is a 
?'s 64 as X 4 as 

840 

A 
- A 
? 

x-geometry ( P-probe ; 
Xiff s ( fabs ( p proba-diff. pix.x y); 
Yoiff s fabs ( p.probes diff. pix.y )); 

as a as as as a as as as as 
A a - PROBE ANGE s - - - 

4/ 

4 as as as as as sess s as ss of 
pprobe-trig. Prt) rtir" cr:ts tig. prt) 
pprobe - trig. p.rto->SCEA 2 aff; 
p.prbe-Xtrig. p.r to-XSIDE.8 s (1 
printf (" --- PROBE ANGLE - - - - , , ; 
p. x-axis->pel delta s rts: . . . . : Be - "rig. pr to 
pprobe - probeangle is porte f : . Pre - AACUTE; 

as a s as as a as a o as apaa aso as a an an a e s so sers Q 
f : - - - PXELASTEP as 

- - - DSANCE OVE IN MS ess 
A 4 - a fpx. e - A 
A - - - - a - as a as a a as a s as a sea as as so es e A 
A - - - - FOR STENC is e M 
pixaxis - pps s ( x diff p. x-axis, cal-steps 
pax is - "fnil delta 2 - 
pprote - anpp. x s , p: axis ?ni-sets (diff 
8 sa e SE MPP R OARD as a a 

A 8 
ppr-be-, tripp. , s , 477:3; 

/ Difference of leans 

182 

(f 

ets: we 

Calculating geometry - probe Zd, axis X", 

A 4 DIFFERENCE OF LOCATIONS , , s? 

at Salve tes. - 

... is a steps tra N is -- as 

ppr:-be-binop. . . . .tribe int2. . . . . p-scale- fiver cart i ; 
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M4 he 440-4. A 
W 8. Y 10 A 
A 400000. A 

Sprint f ( mess, 
" PLEASE ON T TOUCH PRINTER, Calculating geometry prote d is S ''" 
pprobe X Canera 

Yge inet r ( probe 

diff fabs ( P-probe diff. Pix. x : ); / DIFFERENCE cF ccarics 
Yaff s ( fabs ( p probe- diff. pl.x.y )) 9. 4. 4. 

A a s a so as so is an oa as so so 
/ a as PRCBE ANGLE so v 
W a sess a to 4 us saaaa W 

p-probe-strig. p-rt rt-init( p-probe-strig. prts ) 
pprobe-Xtrig. prts-SIDE.8 s Ydiff; 
pprobe-Xtrig. prts->SIDEA a Xdiff; 
printf (" --- PROBE ANGLE ---\n"); 
pyaxis spel delta s rt Solwe ( p probe-strig. Prti ) a Solve triangi 
pprobe-sprobe-angle s p probe-strig. p.r.t5->AACUTE; 

F. 

a sa e - - - do an us as as a - 4 0 to P ob as a (A 

wn as a PXEASEP as / 
we --- DISTANCE. MOVED IN MILS --- / 
/ - - - MILWPIXEL, o as a U/ 
W4 - a as as a - - - - a so or a o a sooooooo- as s (f -- 
A se - FOR STENC -a - A 
pyaxis->pps ( Yodiff f ( 2 pyaxis->cal steps )); 
PY-axis sail delta ( ( 2 Ply-axis scal step pyaxis-saps ); 
pprobe Xapp. Y is c pylaxiS-XAnil delta / Yi ff ) 

f as a SET MPP FOR BOARD ooo / 

M 
pprobe-Xbmpp. y = 0. 465715 
pprobe-X brapp. Y S ( p.probe-appy ( . ) pscale-Xfypercent ); 
A 

printif (" x inpp s if " ppr&be ?nipp. x ) ; 
print f ( " Y ?npp s f \n", p.prbes appy 
print f ( " x dapp s f ", pprobe dapp. x 
print f (" Y dapp s f \n", p.probe-xdapp. y ) 

. 4 - - - - - - - - - - - - - - - - - a passe - a -- as a - - - - - - - - 
f a PROBE ANGE CONPENSATION - x , Y MP? A 

- - - a so a a as or so as as up up an as a co on no p is sees as as as as a qA 

new angle fall prote. Probe-angle 
... do 

if t eangle - 5.0 

new-angle s t 2.0 new angle ; 
w 
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prt a rtini t c prt ); 
P-rt 'AACUTE s new angla 
Prti SIOSB s p probes. d in pp. x; 
P-Probe bar. pp. x s r tissive prt J 

P-rt a rtin it "c prt 
P-rt AACUTE a new angle; 
Plrt SIDE.8 s p pr:ba - dimpp. y; 
PProbe ban pp. y = r t-solva ( prt ); 

Prt r tinit ( p.r.t. ) 
Prt AACUTE a new.angle; 
prt-:HYPOTENUSE s p probe-xdapp. x; 
rt.So we prt 
pprober brmpp. x s prt --SIDEA 

prt r tinit ( p.rt ) 
prt AACUTE s new-angle; 
s.r.t-HYPOTENUSE s p probe- drapp. Y. 
rt solve prt ); 
ppr:ber bin pp. y = p.r.t. - SDEB; 

w 

printf (* X bapp s Zf ", PProbe bapp. x ); 
printf (" Y binpp f \n", p. probes»b?appy ); 

M a a as as a map as as a us as a so uses an os e o 
/ - TEMP - TEMP - TEMP - TEMP - TEMP - / 
W s - - - - - as a a as as us as a so supoo as so as a oa. A 

P. probe-Xbmpp. Y is o. 465715; 
pprobe-X brapp. x s O. 4727.8; 
t 

f - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - s/ 

As - TEMP - TEMP - TEMP - TEMP - TEMP - of t 
' (- - - - - - - a - - - - - - - - - - - - - - as a -a - - - - - - - - - a M 

A BACKLASH IN IS PA 

a 400 a 48 du 
8 (0. A de A 
e 8888-00000040 A 

sprintf mes 
PEASE ... T TOUCH PRINTER, Calculating SCALE - pr:ce is, is is 

pprobe-X camera ; 
u?ness ( PASS, ?ness ; 

frctical steps ( piprabe 'i 

terntf f ?ness, 
in PLEASE DON'T TOUCH 9 NF, Calculating ge?netry p': t , 
p.prbe-' camera ; 

uness . PASS, ?ness ; 
stapper tax is, pt.a. s. cal-steps. 5) 
c. delay ( ; / e TEP / 
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p-Probidsea-paras ?aynora-search; 
C3-search P-Frobe. Sindl, P-pr:be, SEACURR1 ); / Find ST and ps: - . 
stepper ( Pit-axis, ( ?plit-axis-scal steps), otoy 
cuik.delay (); /8 TEMP / 
plp rob sea-par?n's &?ayn ran search 
C3-search ( PProbe Sindl, p-probe, SEACURR2 ) / Find ND ?incide p3s its of 

St Peer P. tax is taxis. Cal steps, SOOO) A k to hone 8/ 
quik delay ( ); /* TEMP a? 
quik delay () / TEMP a 
quik delay () W TEMP f 

diff ( fabs ( p-probe diff. pix. x ) ); / DIFFERENCE OF LOCATIONs . . . 
Ydiff s ( fabs ( p.probe-x diff. pix.y )) 

M or up as on as a -- a as a - - - - - - - - - - - as s - - a as - - - - - - - 4A 
W . . . LOCK N STENC HOME COORONATES w 
With an an as a a as a as so as so a so a a a W 

P-probi sea-parms s &my-nara-Saar ch 
cc search ( p.probe-XSindl, p.probe, SEASHOME ) 
pprobi ->Seaparas &fny ?horn Search 
c3 search ( p.prob-XSad 1, p. probe, SEASHOME ); 

MO ess SLVE LOCAL RIANGLE ess M 
pprobes trig. Prti rtirit ( p.prob-trig. prt ); 
pprobe-Xtrig. prt-XSIDEA a Ye:ff; 
pprobe-Xtrig. prti ->SIDE.8 s xdiff; 
print f ( --- THETA CALCULATION - - -n") 
ptaxis Xpel delta - rtsolve probe - trig. Prti ) ; ?t Solve triangle ef 
W - - - so son so easo as to a da es as do a de p r s an as a s as a de V/ 

w - - - THETA PART 2 - - - / 
A NOTE : THETA MPS ACT ALLY DEGREES PSR SEP A 

A 4 - - - - SOLVE GLOBAL RIANGLE - so - - - - 
probe - trig. prt rtin'? pr:S - 3 trig. prt.2 ) 
pprobe-Xtrig. Prt-SIDEA is p.probe-trig. prt -xHYPOTENUSE / 2.) ; 
pprobe -2 trig. Prt-YA-ACUTE ' ' pax is - Cal StepS ptaxis - ?ps ; 
pitaxis - pedelta s r.s.l. we prote trig. Prti ) vs Sal we triang o' 
A s - - - THETA PART 2A as - DM 

/s N. c. : MPS IS ACTUALLY DEGREES PER is EP / 

- - - - REaSOLVE GLOBAL TRANGLE - - - - - A 
Wid 

pprebe-Xtrig. Peto is a tint p-probe trig. Peto ; 
ppr:be-trig. pet) - SSC p-proe - trig. p-r-t - HYPOTENUSS; 
pprobe-strig. peto-ANGLE-C ... ', -t-a% S. cil. Steps . taxi - " : 
ptaxis-pel delta s et-sive p-prote trig. Pet 
of 

as as a is a us w ap as a a up to up a a 4, 

printf ' - as a a as a so use a sess a u or s as oup o o so es a v.n" 

did 880 - d. 4 - d. 100 000 d - 
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t cart. Signs. 

s 
Force proper ariti?net C Signs for each quadrant. 

as to be 404 - - - - - - - A 

.. 

y s 
if ( 

x S 
f 

y s 
if 

4. 

void 

k . 
if ( 
y s 
if . 

x 
if ( 
y s 
if ( 

duble x, y; 

cart 5igns () 

2.prb. S.-Cart. pix. x; 
& 0.0 ) . pp rob Scart. pix.x s P-Prab SC art. c. x. x; } 
2.prb. Scart. c. x.y. 

C. p-prob- S-: it. Pi: ... y P. prob-scart. pi. y : 

pprobl & Scart. Pixx 
x - O. O. pProbl scart. Pixx p.prb scart pix. x: 
pprobl scart pix. Yi ... 
y: X 0.0 ) ( p probl Scart. Pix.y pp reb. xScart. pix.y 

as a a - - - as so a f 

bcartsigns () 

pr 
w 

pr 
s O. O. K plprobi -, b-cart. pix, y s p probi b-cart. Pix Yi 

E-X 
O ) ( p.probl2-bart. pix. x s p prob2b. Carto Pixx 
2Xbcart pix. R 
O ) ( p.prob- b. cart. pix. Y S P prob2b. Cart. Pix. Yi 

ob. Xbcart pix. 
(). O ) ( p.probi -: Start. pix. x s p prob. sbcart. Pixx 
obl Xbcart. Pix Yi 

A began at 400 -8-4 
t call get metry. 

Calculate the unit measure per pixel values a fid the tea step 
unts of nea Sir for bitt. We probes. 

Conv. ... all linear measurements to uni - areasure pric r to price 
Correlation. 

Salve the blue trangle escribed by the l: Catins of the tus 
vid's protes relati ge to the criter if theta rotation. 

Center of the ta 
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64-444444044404 eq84806 

visid call c.genetry) 

aff save; 
gainsave 

uChar 
uchar 

gadcorrelate is TRUE; 

prompt ( PASS, 
SET Manual Axis at . . . . . . . : : OFF 

sasa sy 

a sa o a s - is a - on as a sea are a 0 

192 

d 

d probe o a a o X probe 
g 

8 O 

d 

4. angle 1 P-pr:b. trig. p.r.t. --AACUTE 
d angle P-pr3C-3-trig. pr: 1-AACUTs 

s side a tr: tr. Pre-HYPOTE:LSE 
4 side ' '. Prob. rig. prt-HYPCs (USE 

OR 
is trib-trig. pri - HYPOTENUSE / 

do Side b sprit - i. p.rt -:HYPOTENUSE / ; ) 
ab 

Press 1 to continue." 

pprobi sydmpp. x s 0.33461; 
pprobi-dimpp. y a 0.3773584; 
pprobl ->bapp. x s 0.38-613; 
P. probi-x bmpp. y = 0.3773554, 

probe.geometry pprobi ) a C probe geometry ti 

is .395-S 

a .335tes; 

probe-geometry ( P-prob- ); / Calc probe 3 geometry / 

set camera ( CAMERA, SPLITOFF, IMAGE POSITIE ); 

fo - - - as a as a a is a - - - - - e o as a s - - a - - - - -W 
W as a - PROBES HETA CENTSR as - - - ev 
We s - as so so as a - a - a - - - - - - - - - - - - - - - - - - - 6/ 

as 

Cal cu late Cartesian Cardinates of the probes in PIXSS 
Cal C Y fro?ta radius then Calc x fran Y. 

d 
v0 

SEC 
































































































