
1                 EP 0 224 901 B1                    2 Description
conveyor surface. A linear diode array that is aligned along the single
line of light on the con- BACKGROUND
veyor detects light from that line by electronic sampling of the lumination
of this linear array. 1. Field of the Invention                      5
Object boundaries are determined and object shape and orientation may thus
be determined. This invention particularly relates to an auto-  Another
patent entitled "Light Collection Appara- mated vision system as described
in the preamble   tus" disclosed in U.S. Patent No. 3,987,301 dis- portion
of independent claim 1, comprising features  closes an apparatus for
detecting the presence of already known from document US-A-3 761 723. A
10  extraneous matter and/or cracks in translucent con- similar apparatus
is also known from document DE-  tainers. The light collection apparatus
incorporates A-14 48 394. This invention particularly relates to  an array
of fiber optics elements arranged to per- an automated vision system for
determining article  form an accurate and controllable method of light
positions during a manufacturing process.          collection. 15      A
further attempt at solving this problem is 2. Description of Related
Information              disclosed in "Device for Detecting the Position of
Web Side Edge" in U.S. Patent No. 4,146,797 Recently there has been
increased interest in   which includes a single light emitting source, a
lens machine vision devices for industrial applications.  to form a beam of
light in the vicinity of a reference This increased interest is attributed
to the in-  20  point and an optical fiber to transmit the light to a
creased research in computer technology. Usually,  photoelectric converter.
The output of the pho- the first step in vision analysis by a machine
vision  toelectric converter is used to determine when the device is the
conversion of analog pixel (picture  edge of the web has been detected.
element) data into digital data for processing by a   The present invention
has been embodied in computer. Historically, several different types of  25
an apparatus to provide vision information for a devices have been used.
Most commonly used in      manufacturing  environment. An object of the
early applications were the vidicon video tube cam-  present invention is
to provide a non-complex vi- eras that produced analog video signals. More
re-  sion system that indicates the location and posi- cently solid state
cameras or cameras using        tioning of an article used in manufacture.
charge-coupled devices (CCD) have been used.  30      A further object of
the present invention is to The use of the vidicon cameras and the solid
state  provide a vision apparatus that provides a digital cameras is
discussed in Chapter 2 of Machine       output without having to perform
analog to digital Vision for Robotics and Automated Inspection, Vol.  data
conversions. I - Fundamentals, by Richard K. Miller, published     A
further object of the present invention is to by Technical Insights, Inc.,
Chapter 4 entitled   35  provide a vision apparatus that allows variations
in "Model Machine Vision Systems" and Chapter 9       optical resolution.
entitled "General Methods to Enable Robots with Vision to Acquire, Orient
and Transport Work       SUMMARY OF THE INVENTION Pieces" of this
publication disclose different tech- niques used in the prior art to detect
and determine   40  In accordance with the present invention a vi- the
position of different objects.                 sion apparatus for detecting
the presence of an A common technique used by these prior art      object
as the object passes across a lighted sur- vision systems is to take an N
by M array repre-   face is provided. The apparatus of the present senting
the pixel elements of a view of the object  invention comprises the
features as set out in in- and produce data representing this N by M array
45  dependent claim 1. Further embodiments are set for analysis by a
computer. As should be appre-    out in the dependent claims. ciated by
those skilled in the art, such an analysis usually requires extensive
computer resources and  BRIEF DESCRIPTION OF THE DRAWINGS time to complete
the analysis. Therefore, the use of vision systems in real time computer
operations for  50  The novel features believed characteristic of support
of manufacturing processing has been       the invention are set forth in
the appended claims. limited.                                           The
invention itself, however, as well as a preferred One early attempt to
solve this problem is     mode of use will best be understood by reference
disclosed in U.S. Patent No. 4,105,925 entitled   to the following detailed
description of an illustra- "Optical Object Locator" which discloses a
device   55  tive embodiment when read in conjunction with the for
determining the position and orientation of an  accompanying drawings,
wherein: object on a conveyor by the use of two planes of     FIGURE 1 is a
top view of a work station surface light that intersect in a single
transverse line on a  including the ends of optical fiber bundles com- 2
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optical fiber arrays in accor-  attached computer can determine the center
of the dance with a preferred embodiment of the       article and further
can direct a robotic arm to the present invention;
article to pickup the article wherein the article will FIGURE 2 is a
symbolic view of a single bundle  be grasped in a known orientation. of
optical fibers forming a single linear arrays of   5  FIGURE 1 illustrates
a work place 10 contain- FIGURE 1 positioned to illuminate an optical
ing two articles of manufacture 12 and 14. In the random access memory;
preferred embodiment these articles of manufac- FIGURE 3 is a symbolic view
of the array and   ture 12 and 14 represent pockets for denim blue memory
of the embodiment of Figure 2 depict-   jeans. The object of the invention
is to provide data ing the illumination of the optical random access  10
representing the positional orientation of these memory when a article of
manufacture is bloc-  pockets 12 and 14. The work station 10 includes king
part of the light transferred to the linear  several linear arrays 16 18,
20, 22, 24, and 26. optical fiber array;                           Each
linear array includes an optical fiber ribbon 28 FIGURE 4 is a symbolic
showing the relative    having a linear arrangement of optical fiber ends,
locations of the optical fiber bundles, linear ar-  15  as shown in FIGURE
2. When the pockets 12 and rays, the work station surface, the lensing
14 are positioned over these linear arrays, light Is mechanism  and the
optical random  access      blocked from illuminating the optical fibers
under- memory of the embodiment of FIGURES 1-3;       neath the pockets.
FIGURE 5 is an exploded view of a camera           FIGURE 2 illustrates a
symbolic view of the enclosure for the optical fiber arrays, the lens   20
linear array 16 including the linear ribbon 28 of and the optical random
access memory of the    optical fiber ends. The optical fibers of linear
array embodiment shown in FIGURES 1-4;                16 are contained
within an optical fiber bundle 30 FIGURE 6 is an isometric view of a
cylinder    which terminates in a second linear array 34 ex- used to
position the optical fiber bundles shown  posing the opposite ends of the
optical fibers to in FIGURE 4 to form a linear array;        25  provide an
optical fiber ribbon 32. The ribbon 32 is FIGURE 7 is a longitudinal
cross-sectional view  optically coupled as illustrated by field of view 36
of the cylinder of FIGURE 6;                   through a lens 40 to an
optical RAM 42 that is FIGURE 8 illustrates the fiber illumination of the
contained within a camera enclosure 38. In the individual pixel elements of
the optical random  preferred embodiment, the linear array 34 is posi-
access memory shown in FIGURES 2-5;        30  tioned on one end of the
camera enclosure 38. The FIGURE 9 is a top view of a work station in
purpose of the camera enclosure 38 is to minimize accordance with another
embodiment of the      the amount of extaneous light to the optical RAM
present invention having four linear arrays per  42. The optical RAM 42
provides binary data on work piece to determine the location and ori-
lines 44 to indicate which of the fibers are receiving entation of the work
piece;                35  light. FIGURE 10 is an illustration of a work
station in  In FIGURE 2, the length of ribbon 28 appears accordance with
another embodiment of the      to be similar to the length of ribbon 32. In
the present invention including three dimensional or-  preferred
embodiment, bundle 30 consists of 256 thogonally positioned linear arrays
for detecting  optical fibers that terminate in a optical fiber ribbon the
location and position of a three dimensional  40  32 that is 2.56 inches in
width. Ribbon 28, which is work piece; and
the work station end of bundle 30, is also 2.56 FIGURES 11 A, B, and C are
flowcharts for the  inches wide (i.e., 100 fibers per inch). However, by
software used to access data from the optical  varying the spacing of the
optical fibers in the work random access memory shown in FIGURES 2-5.
station, the apparent resolution of the optical fiber 46 system can be
changed, even though the appear- DETAILED DESCRIPTION OF THE PREFERRED
ance of the fiber ribbons at the camera enclosure EMBODIMENT
always remain the same. 1 inch = 25.4 mm. FIGURE 3 schematically
illustrates the illumina- In the preferred embodiment, this invention is
tion of a portion of an optical fiber ribbon 28. The applied to a work
place for manufacturing articles  60  optical fiber ribbon 28 includes a
length 45 of of clothing. The articles of manufacture are cloth  which only
portion 46 receives light. Since the material which are essentially two
dimensional in  optical ribbon 28 is located in the surface of work nature.
However, it should be understood, that this  place 10, light above the work
place surface irra- invention is also capable of detecting the positional
diating down upon the work space surface is bloc- orientation of an article
having three dimensions.  55  ked by work piece 12 from all but portion 46
of the The purpose of this invention is to provide digital  optical fiber
ribbon 28. As a result, only a portion data indicating the edge locations
of these articles.  48 of the optical RAM 42 is illuminated through the For
articles of known shapes and dimensions, an  lensing system 40. This action
indicates one edge 3    
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12. In a similar manner the other  were in grooves 144. edges of the work
piece are located. Thus, by         In an alternative embodiment, the
matrix plate using the three optical fiber ribbons of the arrays  120 of
FIGURE 5 is replaced by a solid plate that 16, 18 and 20, the position of
work piece 12 upon  includes selectively drilled holes to receive individ-
- work space 10 is determined.                  5   ual optical fibers.
Once these fibers have been FIGURE 4 illustrates the coupling of the
optical  assembled in their respective holes, the optical system of a
preferred embodiment of the present    fiber bundle is sealed and fixed to
the matrix plate invention. Specifically, a work space 100 includes 6  120
in a conventional manner that will not interfere linear arrays 106, 108,
110, 112, 114, and 116 each  with the light transmissivity property of the
individ- positioned on the work space surface. Work pieces   l0  ual
fibers. 102 and 104 are illustrated at a position above the   FIGURE 7
illustrates a longitudinal cross-sec- linear arrays as the work pieces
travel across work  tional view of cylinder 140 of FIGURE 6 showing space
100. Each of the linear arrays 106-116 are  the optical fiber arrangement.
Reference fibers 151 coupled to an optical fiber bundle 118 that termi-
and 152 are provided in their respective grooves nates in an array matrix
120. The matrix 120 in-  15  143 and 142. Intermediate optical fibers 153
and cludes several linear optical fiber ribbons 121-126,  154 are provided
in two separate layers. As shown, shown in Figure 5, corresponding to each
of the    eight fibers 153 lie in spaced apart grooves 144. linear arrays
106-116 of work place 100. A lens 132  Eight fibers 154 are each positioned
between two provides a field of view 128 to transfer light from  of fibers
153 on ridges 156. The purpose for this the array matrix 120 to an optical
random access   20  configuration of optical fibers is explained by refer-
memory 134.                                        ence to FIGURE 8. FIGURE
5 more clearly illustrates the linear       FIGURE 8 illustrates one aspect
of a preferred ribbons 121-126 within the array matrix 120 which
embodiment of the optical random acess memory is, in FIGURE 5, exploded
from the left most end of  134. Optical memory elements 160 are positioned
the camera enclosure 130. It should be appreciated   25  in two rows upon
the surface of the optical random that the camera enclosure 130 is a light
sealed    access memory 134. The specific topology of op- structure that
enables only the light from the linear  tical random access memory 134
requires that a ribbons 121-126 to enter the interior portion of the
linear optical fiber array such as that of FIGURE 7 light enclosure 130 and
illuminate the surface of  illuminate circular portions 162 and 164 of
memory the optical RAM 134.                          30  elements 160. This
illumination occurs by focusing FIGURE 6 illustrates a cylinder 140 used to
individual light elements onto portions 162 and 164 assemble the linear
optical fiber ribbons 121-126.  of the array, as illustrated at FIGURE 8.
Light Cylinder 140 includes two relatively large circum-  striking a
particular memory element 160 will cause ferential grooves 142 and 143 and
several relatively  the capacitor of that element which is initially small
circumferential grooves 144. The larger  35  precharged to discharge. Thus
initially, the optical grooves 142 and 143 receive relatively large fibers
random access memory elements exposed to light (not shown) that serve as
locational reference fi-  are refreshed, as in a conventional computer dy-
bers. Smaller fibers (not shown) are positioned in  namic random access
memory. The remaining ele- grooves 144 as light transmitting fibers. A
longitudi-  ments not exposed to light maintain their charged nal channel
145 is provided along a portion of the   40  state. periphery of cylinder
140 to receive a mold (not      To access the data in the optical random
ac- shown). When the fibers are in place in grooves    cess memory, the
memory is addressed by col- 142, 143 and 144, the mold is assembled by way
umn and row in a conventional fashion. As those of channel 145 underneath
and above the fibers in  skilled in the art can appreciate, the positioning
of grooves 142,143, and 144. Epoxy is injected under  45  the optical
fibers 153 and 154 is critical to the pressure into this mold to seal the
relative positions  focusing of the emitted light from the ends of the of
the fibers in grooves 142, 143, and 144 relative  optical fibers onto
memory elements 160 in FIG- to one another. After the epoxy has hardened,
the  URE 8. Typically, the spacing 166 between the mold and fiber bundle
are removed removed from     illumination of area 164 and 162 is on the
order of cylinder 140. The mold is then removed from the   so   8 X 10[err]
inches. optical fiber ribbon assembly and the ends of this    In a
preferred embodiment the height 170 of a ribbon assembly are appropriately
machined and     memory cell 160 is 4 x 10[err] inches and the width
surfaced by conventional means to permit recep-    of each cell 160 is
about 5 x 10-[err] inches. The tion or emission of light. The epoxied fiber
bundle  illumination of these elements is provided from is then assembled
in a linear array structure at the   55  optical fibers that are 10 mills
in diameter. In this work place or at the matrix plate, the reference
preferred embodiment the optical random access fibers which were in grooves
142 and 143 serving   memory requiring such a focusing arrangement is as
the means to locate the optical fibers which   the IS32 Optical RAM by
Micron Technology of 4    



7                 EP 0 224 901 B1                    8 Boise, Idaho. The
camera lens is preferably a      and the reading of the memory contents is
too 16mm lens having an F stop of 1:1.4. The aperture  long, all the memory
elements will discharge of the lens Is opened to 1.4. The lens is
preferably  whether they are exposed to light or not. However, positioned
as shown in FIGURE 5 between the       if this time between the write
operation and read surface of optical RAM 134 containing and the   5
operation is too short, all the memory elements matrix array 120, to focus
each fiber optic end    would still be 1's even if they were exposed to
upon a respective one of the random access mem-    light, i.e. they had not
had enough time to be ory elements, as shown in FIGURE 8.
discharged. Therefore, the microprocessor used in FIGURE 9 illustrates
another embodiment of     the present invention is required to perform a
con- the present invention having four linear arrays 202,  10  vention
calibration to determine the appropriate ex- 204, 206 and 208 on a work
station 200 to deter-   posure time. mine the center of work piece 210. Yet
another        Another functional requirement to be performed embodiment of
the present invention is shown in    by the microprocessor is that of
determining when FIGURE 10. Linear arrays 302, 304, 306, 308, and   a true
edge has been detected. This requirement is 310 are provided in a three
dimensionally ortho-  15  present because the work pieces involved in the
gonal relationship to permit the invention to deter-  specific application
of this invention are pieces of mine the position and orientation of a
three-dimen-  cloth whose edges may be frayed or contain lint. sional work
piece (not illustrated).               Therefore, the microprocessor also
performs a con- In a preferred embodiment, the optical random  ventional
algorithm to determine, if in fact, the edge access memory 134 is connected
to a micropro-   20  detected is in fact the true edge. cessor (not shown),
preferably a Motorola model       Referring to FIGURE 1 1A, the
microprocessor 68701, which provides dynamic refresh in scanning  begins
execution at the start position after either a the data of the optical RAM.
This microprocessor   reset signal is received or after power up. The first
also provides data to an external host computer    function accomplished is
the initialization of the concerning the location of the work piece being
25  Input/Output ports. Next, the executed software ini- processed. This is
accomplished through a serial   tializes the serial Input/Output ports for
communica- RS-232 communications port or by a parallel port.  tions with
the host computer. As previously ex- When not accessing the data, the
microprocessor    plained, this invention may or may not be used provides
refresh signals to the random  access     with a host computer. In an
embodiment employing memory.                                       30  a
host computer, this computer would perform a FIGURES 11 A, 11 B, and 11 C
detail a functional  robotic function based upon the positional informa-
flowchart of the software executed by the micropro-  tion provided by the
invention. However, this inven- cessor of the present invention. It should
be under-  tion may be used without a host computer to stood that the
essential function of the micropro-  display positional data to an operator
on an oper- cessor is to access and read the optical random   35  ator
display. access memory and to provide an output to either      Next, the
software determines which cameras an operator display or a host computer as
to the  the invention is to access and what mode the edge locations of the
work pieces in a work station.  invention is to operate in by reading
externally set Generally speaking, the function is that of deter-
switches. Specifically, the invention may operate mining which of the
fibers within a line have been   40  off a single scan line from eight
separate cameras exposed to light and which have not in order to    or,
alternatively, operate eight scan lines of a single locate the edge of the
work piece on each of the   camera. In the preferred embodiment, a single
arrays on the work station surface that have been  camera is used to read
eight lines that are pro- optically coupled to the optical RAM through the
vided to the camera enclosure. Specifically, the optical fibers as
previously discussed.       45  control words used to determine the camera
and The use of the IS32 OPTIC RAMTM by Micron       mode operations are
"CAMSW" and "MISCSW". Technology, Inc. requires the microprocessor of
The software then clears all the optical RAM mem- this invention to perform
not only the read task but  ory locations. to perform what is termed
"setting the exposure       The auto-white calibration algorithm (setting
ex- time". Simply, the operation of this optical RAM   so  posure time) is
next performed and involves the requires that the RAM locations receive a
"1" and  scanning of the memory elements representing pix- then after some
time, to be termed "exposure       els to determine if they are all white
after they have time", the RAM is read. This optical RAM is config-  been
refreshed and all exposed to light. This cali- ured so that the individual
memory elements that   bration algorithm starts at the maximum value that
have been exposed to light will lose their charge,  55  has been set by a
constant in software, which in i.e. these elements will transition from the
"1" to a  the preferred embodiment is approximately 100 "0" stored value.
As those skilled in the art should  milliseconds. According to the
auto-white calibra- appreciate, if the time between the writing of a "1"
tion algorithm, all pixels of the line are scanned. If 5    



9                 EP 0 224 901 B1                    10 all pixels have
discharged, the exposure time is   has transitioned and then reads the next
20 pixels. decreased. This operation continues until at least  If there is
an additional transition within the next 20 one pixel does not transition.
Then the exposure   pixels, the new transition point is stored and then
time is increased by approximately eight percent. It  the next 20 pixels
are read. This process continues should be understood that the auto-white
calibra-   5   until 20 pixels are read without an additional transi- tion
sequence is performed when all the scan lines   tion. This 20 pixel
overscan technique is included are exposed to light.
to determine if the proper edge has been detected The auto-white
calibration sequence is illus-   and not merely a piece of thread or a
piece of lint. trated in FIGURE 11A as including the NXTCAM,
Additionally, this same loop will provide an average AUTOLIN, and WHSEEK
subroutines as illustrated.  l0  if a mode is selected that includes 4 scan
lines The auto-white sequence is exited along the LED-   located at each
array location on the work station. SON line as shown wherein the LED's on
the         In other words, instead of a single line of fibers, 4 operator
display are turned on.                    lines of fibers are located
parallel to each other and Referring to FIGURE 11B, the software enters
the 4 lines in the camera are each individually the idle loop at 2A wherein
the 1 second timer is  15  addressed to determine where the edge is for
that tested and if the 1 second timer has timed out, the  line. The edge
data for the 4 lines is then averaged timer is restarted and all the camera
scan lines are  to provide the edge location. refreshed. If the 1 second
timer is not timed out,     After all the camera lines have been scanned,
these steps are skipped and then the test switch is  the results are output
to the operator display and, if read to determine if a request is present.
If a   20  a host computer is present, this information is request is
present, the presence of this request   provided to the host through the
communications signifies that there is no host computer connected  port.
The software then loops back to node 2B and the operation of the invention
and the micro-  which is illustrated in FIGURE 11 B. processor software is
performed providing output      By operating in this manner, the edge line
data only to the operator display and not to the   25  information is
provided for determining the location, communications port. If the test
switch request line  position and orientation of a work piece on the work
is not present, then, conversely, there is a host  place or work surface.
computer present and communications must be           The preferred
embodiments described above established during the first loop as shown by
the  utilize optical fibers to receive the light and transmit next decision
step. This next step determines if the   30  it to an optical RAM. However,
it is understood that host has sent an "A" which is to be acknowledged  the
present invention also includes the use of by the microprocessor. The A
command by pro-       photocells or other light receiving devices which
tocol is the first command from the host to estab-  can generate electrical
signals directly for interact- lish communication with the microprocessor.
If a   ing with a conventional random access memory in message has not been
received, then the software  35  accordance with the present invention. It
is ex- loops through the idle loop again. Upon the second  pected that the
claims of the present application time through, again, the host message is
examined.  cover this variation. The software will remain in a loop until a
message    Although the invention has been described with has been
received. If the message received is a    reference to specific
embodiments, this description "D" then the sequence is started. However, if
nei-  40  is not meant to be construed in a limiting sense. ther the "A"
command of the "D" command are        Various modifications of the
disclosed embodi- not received at the appropriate times, a no ac-    ments
as well as other alternative embodiments of knowledge "NAK" is sent to the
host via the com-   the invention will become apparent to persons
munications port.                                  skilled in the art upon
reference to the description Given that all the communications with the
host  45  of the invention. It is therefore contemplated that are properly
established, the software then ex-    the appended claims will cover any
such modifica- ecutes along the GO line as shown in FIGURE 11 B   tions or
embodiments that fall within the true scope by first loading all edge
answer registers with "FF"  of the invention. (hexidecimal). The "FF" is
the default condition for the registers, i.e. all "1's". The camera switch
50  Claims "CAMSW" and mode switch "MISCSW" are then read and a camera scan
is next initialized. Each of  1. An apparatus for detecting the position
and the scan lines of the cameras are then individually    orientation of
an object as the object passes read as shown. If all the lines are white or
black,    across an illuminated surface, the apparatus the next camera or
camera scan line is read. If the   55  comprising: lines contain both black
and white information then the edge is determined. The algorithm for deter-
a plurality of linear arrays (16,18,20) of light mining the edge determines
which pixel location        conducting fibers, each array including fibers
6    



9                 EP 0 224 901 B1                    10 all pixels have
discharged, the exposure time is   has transitioned and then reads the next
20 pixels. decreased. This operation continues until at least  If there is
an additional transition within the next 20 one pixel does not transition.
Then the exposure   pixels, the new transition point is stored and then
time is increased by approximately eight percent. It  the next 20 pixels
are read. This process continues should be understood that the auto-white
calibra-   5   until 20 pixels are read without an additional transi- lion
sequence is performed when all the scan lines  tion. This 20 pixel overscan
technique is included are exposed to light.                             to
determine if the proper edge has been detected The auto-white calibration
sequence is illus-  and not merely a piece of thread or a piece of lint.
trated in FIGURE 11A as including the NXTCAM,      Additionally, this same
loop will provide an average AUTOLIN, and WHSEEK subroutines as
illustrated.  10  if a mode is selected that includes 4 scan lines The
auto-white sequence is exited along the LED-   located at each array
location on the work station. SON line as shown wherein the LED's on the
In other words, instead of a single line of fibers, 4 operator display are
turned on.                   lines of fibers are located parallel to each
other and Referring to FIGURE 11B. the software enters   the 4 lines in the
camera are each individually the idle loop at 2A wherein the 1 second timer
is  15  addressed to determine where the edge is for that tested and if the
1 second timer has timed out, the  line; The edge data for the 4 lines is
then averaged timer is restarted and all the camera scan lines are  to
provide the edge location. refreshed. If the 1 second timer is not timed
out,    After all the camera lines have been scanned, these steps are
skipped and then the test switch is  the results are output to the operator
display and, if read to determine if a request is present. If a   20  a
host computer is present, this information is request is present, the
presence of this request   provided to the host through the communications
signifies that there is no host computer connected  port. The software then
loops back to node 2B and the operation of the invention and the micro-
which is illustrated in FIGURE 11 B. processor software is performed
providing output      By operating in this manner, the edge line data only
to the operator display and not to the   25  information is provided for
determining the location, communications port. If the test switch request
line  position and orientation of a work piece on the work is not present,
then, conversely, there is a host  place or work surface. computer present
and communications must be           The preferred embodiments described
above established during the first loop as shown by the  utilize optical
fibers to receive the light and transmit next decision step. This next step
determines if the   30  it to an optical RAM. However, it is understood
that host has sent an "A" which is to be acknowledged  the present
invention also includes the use of by the microprocessor. The A command by
pro-       photocells or other light receiving devices which tocol is the
first command from the host to estab-  can generate electrical signals
directly for interact- lish communication with the microprocessor. If a
ing with a conventional random access memory in message has not been
received, then the software  35  accordance with the present invention. It
is ex- loops through the idle loop again. Upon the second  pected that the
claims of the present application time through, again, the host message is
examined.  cover this variation. The software will remain in a loop until a
message    Although the invention has been described with has been
received. If the message received is a    reference to specific
embodiments, this description "D" then the sequence is started. However, if
nei-  40  is not meant to be construed in a limiting sense. ther the "A"
command of the "D" command are        Various modifications of the
disclosed embodi- not received at the appropriate times, a no ac-    ments
as well as other alternative embodiments of knowledge "NAK" is sent to the
host via the com-   the invention will become apparent to persons
munications port.                                 skilled in the art upon
reference to the description Given that all the communications with the
host  45  of the invention. It is therefore contemplated that are properly
established, the software then ex-   the appended claims will cover any
such modifica- ecutes along the GO line as shown in FIGURE 11 B   tions or
embodiments that fall within the true scope by first loading all edge
answer registers with "FF"  of the invention. (hexidecimal). The "FF" is
the default condition for the registers, i.e. all "1's". The camera switch
50  Claims "CAMSW" and mode switch "MISCSW" are then read and a camera scan
is next initialized. Each of  1. An apparatus for detecting the position
and the scan lines of the cameras are then individually   orientation of an
object as the object passes read as shown. If all the lines are white or
black,   across an illuminated surface, the apparatus the next camera or
camera scan line is read. If the  55  comprising: lines contain both black
and white information then the edge is determined. The algorithm for deter-
a plurality of linear arrays (16,18,20) of light mining the edge determines
which pixel location       conducting fibers, each array including fibers
11                EP 0 224 901 B1                    12 



having one end disposed for receiving the illu-    nals in response to
varying amounts of light mination from said surface, said fiber ends
exposure upon the elements. being located so that at least one array is at
least partially obstructed by said object from  5. An apparatus according
to any one of the said illumination;                         5       above
claims 2 to 4 wherein said arrays each include four parallel lines of fiber
ends and each of said arrays including fibers (153,154)     wherein said
computational means includes having an opposite end portion positioned lin-
means for averaging the edge location indica- early relative to the
opposite ends of the other  tions of said four parallel lines for each
array fibers of said array, said arrays collectively  10  for determining
the edge locations. forming an array matrix (120); 6. An apparatus
according to any one of the optical sensing means (42) having a plurality
of   above claims wherein each array is positioned individually addressable
light sensitive ele-     in the surface of the work area and wherein at
ments (160), each of said elements being re-  15   least one array is
orthogonally positioned rela- sponsive to one of said fiber opposite ends
tive to at least one other array. (153,154) of said arrays forming said
matrix to generate an electrical signal; and             7. An apparatus
according to claim 1 wherein said object corresponds to a planar work piece
computational means for responding to said  20     and said computational
means includes means electrical signals emitted from said elements      for
computing the location of a work piece (160) for generating data signals
indicative of    center for a predetermined work piece dimen- the presence
of light at said fiber ends,          sion. characterized In that
25  8.  An apparatus according to claim 1 wherein said computational means
includes means for said fiber opposite ends (153,154) of said ar-
providing said data to an external device. rays forming said matrix (120)
being positioned contiguously to illuminate said optical sensing  9. An
apparatus according to claim 1 wherein means (42) whereby said matrix is
physically  so   said electrical signal from said optical sensing separate
from said optical sensing means;          means includes binary data. said
optical sensing means (42) being an op-   10. An apparatus according to
claim  1 wherein tical random access memory; and                    said
fiber array opposite ends (153,154) and 35      said optical sensing means
(42) are contained said computational means scaning and ad-
within an enclosure (38). dressing each of the elements in the optical
random access memory device and, in re-        11. An apparatus according
to claim 10 wherein sponse to said electrical signals emitted from
enclosure further includes optical coupling said elements, generating data
signals indica-  40  means (40) for transferring and collimating light tive
of the position and orientation of said       from said opposite ends to
said optical sensing object on said surface.
means. 2. An apparatus according to claim 1, wherein      Revendlcatlons
said object corresponds to a planar work piece   45 (12,14) and said
computational means includes  1. Dispositif pour d6tecter la position et
lForienta- means for computing edge locations of said         don d'un
objet alors que cet objet traverse une work piece.
surface dclairde, le dispositif comprenant: - une multitude de reseaux
lin6alres (16, 3  An apparatus according to claim 2 wherein  50
18, 20) de fibres conductrices de la lu- said means for computing said edge
locations            mibre, chaque reseau comportant des Hi- includes an
algorithm for determining false             bres ayant un bout disposd de
manibre A edge indications from said addressed element           recevoir
l'Mclairage en provenance de la- signals.
dite surface, lesdits bouts des fibres 55           6tant situps de fagon
qu'au moins un 4. An apparatus according to claim 2 wherein
reseau soit au moins en partie empech6 said means for computing said edge
locations            par ledit objet de recevoir ledit 6clairage; includes
means for calibrating the element sig-      - chacun desdits r~seaux
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fibres (153, 154) ayant un bout oppose   5. Dispositif selon l'une
quelconque des revendi- place lineairement par rapport aux bouts
cations 2 & 4 prec~dentes, dans lequel lesdits oppos~s des autres libres
dudit reseau,      reseaux comprennent chacun quatre lignes pa- lesdits
reseaux constituant collectivement   rallbles des bouts de fibre et dans
loquel ledit 



une matrice de reseaux (120);        6       moyen de calcul comporte un
moyen pour - un moyen de detection optique (42)           faire la moyenne
des indications sur les em- comportant une multitude d'6l6ments
placements des bords donn6es par lesdites (160) sensibles a la lumiere,
adressables    quatre lignes parallbles pour chaque reseau
individuollement, chacun desdits e1-        afin de determiner les
emplacements des ments r~pondant a l un des bouts oppo-  io   bords. s~s
des fibres (153, 154) desdits reseaux constituant ladite matrice pour
produire  6. Dispositif selon l'une quelconque des revendi- un signal
6lectrique; et                     cations precedentes, dans lequel chaque
re- - un moyen de calcul pour repondre aux-        seau est plac4 dans la
surface de la zone de la dits signaux dlectriques emis par lesdits  15
piAce manufacturee et dans lequel au moins 6l6ments (160) afin d'engendrer
des si-      un rdseau est placd porpendiculairement par gnaux de donn6es
representatifs de la        rapport au moins a un autre r~seau. presence de
la lumlbre au droit desdits bouts des fibres;                        7.
Dispositif selon la revendication 1, dans lequel - lesdits bouts opposes
des fibres (153,  20   ledit objet correspond a une piace manufactu- 154)
desdits reseaux formant ladite ma-      ree plane et ledit moyen de calcul
comprend trice (120) etant places de maniere conti-   un moyen pour
calculer l'emplacement du con- gue pour eclairer ledit moyen de detec-
tre de la pibce manufacturee pour une dimen- tion optique (42), d'oD il
r6sulte que ladi-  sion pred~termin~e de la pibce. to matrice est separee
physiquement du-  25 dit moyen de ddtection optique;          8. Dispositif
selon la revendication 1, dans lequel - ledit moyen de d6tection optique
(42)        ledit moyen de calcul comprend un moyen 6tant une memoire
optique & accbs di-        pour foumir ladite donnee & un dispositif exter-
rect; et                                     no. - ledit moyen de calcul
balayant et adres-  30 sant chacun des 6lements du dispositif &  9.
Dispositif selon la revendication 1, dans lequel m~moire optique a accbs
direct, et en        ledit signal electrique provenant dudit moyen r~ponse
auxdits signaux 6lectriques 6mis     de d6tection optique comprend une
donn6e par lesdits 6lments, engendrant des si-     binaire. gnaux de
donnees representatifs de la  35 position et de l'orientation dudit objet
sur  10. Dispositif selon la revendlcation 1, dans lequel ladite surface.
lesdits bouts opposes des reseaux de fibres (153, 154) et ledit moyen de
d~tection optique 2. Dispositif selon la revendication 1, dans loquel  (42)
sont contenus & l'interieur d'une enceinte J'   ledit objet correspond a
une piace manufactu-  40  (38). r~e plane (12, 14) et ledit moyen de calcul
comprend un moyen pour calculer les empla-    11. Dispositif selon la
revendication 10, dans le- cements des bords de ladite piace manufactu-
quel l'enceinte comprend en outre un moyen r6e.
de couplage optique (40) pour transferer et 45      collimator la lumibre
provenant desdits bouts 3. Dispositif selon la revendication 2, dans lequel
oppos~s dudit moyen de detection optique. ledit moyen pour calculer lesdits
emplace- ments des bords comprend un algorithme pour   Patentansprlche
determiner des Indications fausses sur les bords en provenance desdits
signaux des 414-  5o  1. Eine Vorrichtung zum Erfassen der Position ments
adress~s.                                   und der Ausrichtung elnes
Objokts, wenn das Objekt sich Uber elne beleuchete Oberflache 4. Dispositif
selon la revendication 2, dans lequel  bewegt, wobel die Vorrichtung
umfalt: ledit moyen pour calculer les emplacements des bords comprend un
moyen pour 4talonner  s5    eine Vielzahl linearer Reihon (16, 18, 20) von
les signaux des elements en reponse aux           lichtleitenden Fasem,
wobei jode Reihe Fasem quantit6s variables de l'exposition de la lumib-
mit oinem Ende, welches fOr den Empfang des re tombant sur les 6l6ments.
Lichts von der Oberflache vorgesehon ist, ant- 8 8111 ii111111 HE11 11111
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16 hMlt, wobei die Faserenden so angerodnet          nen elne Einrichtung
zum Kalibrieren der Ele- sind, daB wenigstens eine Reihe wenigstens
mentsignale in Reaktion auf sich andernde Be- 



teilweise durch das Objekt von der Belichtung     tr~ge der Lichtexposition
fUr die Elemente ent- abgeschnitten ist; und
halt. 5 >--    wobei jede der Reihen Fasern (153, 154) mit    5. Elne
Vorrichtung nach wenigstens einem der einem entgegengesetzten Endteil
enthalt, wel-     AnsprUche 2 bis 4, wobei die Reihen jeweils ches linear
relativ zu den entgagengesetzten      vier parallele Linien von Faserenden
enthalten Enden der anderen Fasern der Reihe angeord-       und wobei die
Berechnungseinrichtung eine net ist, wobel die Reihen zusammen eine Rei-
10  Einrichtung zum Mittein der Randpositionsan- henmatrix (120) bilden;
zeigen der vier parallelen Linien far jede Reihe zum Bestimmen der
Randpositionen enthalt. eine optische Sensoreinrichtung (42) mit elner
Vielzahl von individuell adressierbaren licht-  6. Eine Vorrichtung nach
wenigstens einem der empfindlichen Elementen (160), wobel jedes   75
vorhergehenden AnsprUche, wobel jede Reihe der Elemente auf elnes der
entgegengesetzten      in der Oberflache des Arbeitsbereichs ange-
Faserenden (153, 154) der die Matrix bilden-      ordnet ist, und wobei
wenigstens eine Reihe den Reihen reagiert, um ein elektrisches Signal
orthogonal relativ zu wenigstens einer anderen zu erzeugen; und
Reihe angeordnet ist. 20 elne Berechnungseinrichtung, zum Reagieren     7.
Eine Vorrichtung nach Anspruch 1, wobel das auf die von den Elementen (160)
ausgesende-       Objekt einem  ebenen Werkstack entspricht,j ten
elektrischen Signale und zum  Erzeugen        und wobei die
Berechnungseinrichtung eine von Datensignalen, welche die Anwesenheit
Einrichtung zurn Berechnen der Position einer von Licht an den Faserenden
anzeigen, da-  25     Werkstickkmitte fUr eine vorbestimmte Werk- durch
gekennzelchnet, daB die Fasergegen-         stUckdimension enthilt. enden
(153, 154) der die Matrix (120) bilden- den Reihen aneinandergrenzend
angeordnet        . Eine Vorrichtung nach Anspruch 1, wobei die sind, um
die optische Sensoreinrichtung (42)      Berechnungseinrichtung eine
Einrichtung zurn zu beleuchten, wodurch die Matrix korperlich   so
Bereitstellen der Daten fUr eine exteme Ein- von der optischen
Sensoreinrichtung getrennt      richtung enthalt. ist; 9. Eine Vorrichtung
nach Anspruch 1, wobei das daB die optische Sensoreinrichtung (42) ein
elektrische Signal aus der optischen Sensor- optischer RAM-Speicher ist;
und           35      einrichtung Bindrdaten enth~It. daO die
Berechnungseinrichtung jedes der Ele-  10. Eine Vorrichtung nach Anspruch
1, wobei die mente in der optischen RAM-Speichereinrich-
Faserreihengegenenden (153, 154) und die op- tung abtastet und adressiert
und, in Reaktion     tische Sensoreinrichtung (42) innerhalb einer auf die
elektrischen Signals, die von den Ele-  40  UmhUllung (38) eingeschlossen
sind. menten ausgesendet werden, Datensignale er- zeugt, welche die
Position und Ausrichtung     11. Eine Vorrichtung nach Anspruch 10, wobei
die des Objekt auf der Oberfliche anzeigen.           UmhUllung ferner eine
optische Kopplungsein- richtung (40) zum Obertragen und Kollimieren 2. Emne
Vorrichtung nach Anspruch 1, wobel das  46    von Licht aus den Gegenenden
auf die opti- Objekt einem planaren WerkstUck (12, 14) ent-     sche
Sensoreinrichtung enth~ilt. spricht, und wobei die Berechnungseinrichtung
eine Einrichtung zum Berechnen von Randpo- sitionen des Werksttckes
enthalt. 50 3. Elne Vorrichtung nach Anspruch 2, wobei die Einrichtung zurn
Berechnen der Randpositio- nen einen Algorithmus zurn Bestimmen fal- scher
Randanzeigen aus den Signalen der adressierten Elements enth~lt.
56 4. Eine Vorrichtung nach Anspruch 2, wobei die Einrichtung zum Berechnen
der Randpositio- 9              I 1111111 III 1111 1Hil   11 1111l    


