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[57] ABSTRACT

An apparatus for monitoring and determining the dis-
tances of points on a surface from a reference axis in-
cludes a light source, such as a laser, for projecting a
main beam of light of relatively small diameter along an
axis. A device, such as a diffraction grating, is provided
for splitting the main beam of light into a plurality of
discrete fractional beams of light. A further component,
such as a diverging lens, angularly displaces the frac-
tional beams relative to each other so the beams extend
along a common plane towards a position for an object.
Light reflected from the surface is projected onto a
linear photodetector, the positions where the reflected
fractional beams strike the linear photodetector being
related to the distance from a reference axis to the
points on the object where the fractional beams are
reflected. Preferably there is a light gathering device
such as a converging lens system for gathering the frac-
tional light beams reflected off the object and for pro-
jecting real images thereof onto the photodetector.

21 Claims, 5 Drawing Sheets
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APPARATUS FOR DETERMINING THE
DISTANCES OF POINTS ON A SURFACE FROM A
REFERENCE AXIS

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.

FIELD OF THE INVENTION

This invention relates to an optical device for deter-
mining the distances between a reference axis and a
plurality of spaced-apart points along an object.

BACKGROUND OF THE INVENTION

In the past many optical devices have been developed
for determining the distances between a reference axis
and points on an object and thereby deriving data on,
for example, the thickness or shape of the object. One
such device is found in U.S. Pat. No. 4,221,973 to
Nosler which discloses a device employing optics for
determining the position of a log in a plywood mill.
Light from a laser is reflected off of the object and
focussed onto a photodetector array by a lens. The
distance from a reference axis to the point where the
light is reflected on the log and thereby the diameter of
the log, can be determined from the position where the
light strikes the photodetector array.

Apparatuses are also known for monitoring and de-
termining the instantaneous thickness of a moving strip
of planar material simultaneously at several different
positions. Such a device is disclosed in the U.S. Pat. No.
No. 3,671,726 to Kerr. Here, light from a single source
passes through a plurality of prisms, each of which
reflects part of the light at right angles from the original
beam towards the strip of material. The light from each
prism strikes the object and is reflected towards a detec-
tor unit. Thus a plurality of detector units are required,
one for each prism. Other such units employing a multi-
tude of detector units have used an arc lamp and a plu-
rality of optical fibers extending from the lamp towards
the object.

An object of the present invention is to provide an
apparatus capable of instantaneously determining the
distances of a plurality of points on a moving strip from
a reference axis while employing a minimum number of
components for increased economy and reliability as
well as ease of installation. It is a further object to pro-
vide a device capable of measuring closely spaced-apart
points to provide more precise data on the object.

SUMMARY OF THE INVENTION

According to the invention, an optical apparatus has
light projecting means, such as a laser, for projecting a
main beam of light of relatively small diameter along an
axis. There is beam splitting means such as a diffraction
grating, positioned along the axis for splitting the beam
into a plurality of discrete fractional beams of light. A
diverging lens angularly displaces the fractional beams
relative to each other so the fractional beams extend
along a common plane towards a position for an object.

A photodetector array is positioned to receive the
fractional beams after the fractional beams are reflected
off the object.

Preferably there is light gathering means such as a
converging lens for gathering the fractional light beams
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reflected off the object and for projecting real images
thereof onto the photodetector array.

The photodetector array may be a linear charge cou-
pled image sensor. In one preferred form of the inven-
tion, the image sensor is divided into a plurality of adja-
cent zones. The light gathering means projects the real
image of each fractional beam onto one of the zones.
The apparatus includes means for scanning each of the
zones sequentially to determine the position of each of
the real images within each of the zones.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a simplified, partly diagrammatic side view
of an optical apparatus according to an embodiment of
the invention;

FIG. 2 is an enlarged simplified side view of one of
the photodetector arrays of the apparatus of FIG. 1;

FIG. 3 is a block diagram of the circuitry employed
for analyzing data for said device; and

FIG. 4 is a block diagram of the circuitry employed
in the System Controller module;

FIG. 5 is a block diagram of the circuitry employed
in the data processing module;

FIG. 6 is a block diagram of the circuitry employed
in the monitor module.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows an optical apparatus 4 for monitoring -
and determining the distances of a plurality of points on
a surface 6 of an object 8 from a reference axis 10. In
practical terms the device may be used, for example, for
determining the surface profile and thickness of slabs
sawn from a log in a sawmill. Data relating to the sur-
face and thickness of the slab are used to determine the
proper cutting pattern to yield the highest possible pro-
portion of high grade lumber therefrom. When used for
such a purpose, the object 8 representing the slab would
normally be horizontal with the optical components
located above the slab. The slab is moved widthwise,
that is at right angles to the plane of the drawing, and a
plurality of points 22 along the length of the slab are
simultaneously monitored. The process is repeated peri-
odically as the object moves to provide a profile of the
entire surface of the object. It may readily be seen how-
ever that this is only one specific use for the apparatus
which may be adapted for other similar functions.

The apparatus firstly includes means for projecting a
relatively small diameter main beam of light 12, in this
case an optical laser 14. The main beam of light is then
split into a plurality of fractional beams of light 16 all
extending along a common plane represented by the
plane of the drawing. This is accomplished by a multi-
ple imaging device in the preferred embodiment in the
form of a diffraction grating 18. A diffraction grating is
a known device in the art. Other means could be em-
ployed for dividing the main beam of light, for example
a fiber graticule or a group of optical fibers with adja-
cent ends or a plurality of prisms could be employed. In
the case of the optical fibers, the beam would be di-
rected into the adjacent ends of the fibers, while the
fibers would be arranged to diverge at the opposite end
to split the beam.

After the main beam 12 is divided into a plurality of
fractional beams 16, the fractional beams pass through a
diverging lens 20, serving as means for angularly dis-
placing the fractional beams relative to each other and
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for focusing them on object 8. The fractional beams 16.1
so displaced extend along the common plane of the
drawing towards object 8. The angularly displaced
fractional beams 16.1 strike surface 6 of object 8 at a
plurality of points 22. Apparatus 4 serves to determine
the distance of each of the points 22 from reference axis
10. The angularly displaced beams 16.2 on one side of
lens 20 are reflected off of the object towards imaging
lens 24 which projects real images of the spots of light
at points 22 on object 8 onto a linear photodetector
which, in this case, is a linear charge coupled image
sensor 26. Similarly, the fractional beams 16.3 reflected
on the opposite side of object 8 from lens 24 are re-
flected towards imaging lens 28 which projects real
images of each of the spots of light on object 8 onto
linear charge coupled image sensor 30.

Referring to FIG. 2, this shows an enlarged view of
image sensor 26 in simplified form. The fractional
beams 16.2 form real images 32, 34, 36, 37, 38 and 39 on
the image sensor. The geometry of the apparatus and
the depth of field are such that the six images 32-39 are
always within their respective zones 40, 42, 44, 46, 47
and 49. The distances between axis 10 and each of the
points 22 is determined from the displacement of the
images 32-39 in one direction for example direction S,
in their respective zones. Simple geometry converts the
displacements of the images to the distances required.
The positions of the images 32-39 along the image sen-
sor 26 are determined by scanning the image sensor and
noting the cell location where one of the images is de-
tected. At the end of each zone the process begins again
for the next zone. In this embodiment a single spot of
light occurs in each zone. This permits identification of
each spot in case one spot is not reflected back to the
image sensor due to a discontinuity out of range. As an
alternative the entire sensor may comprise one zone
which is canned to determine the positions of a plurality
of images along the sensor. The positions of the images
can then be related to the distances between axis 10 and
points 22. This embodiment is useful for applications
where, for example, discontinuities do not occur and all
spots are always reflected back to the image sensor.

Imaging lens 28 and image sensor 30 operate in a
similar manner for the fractional beams 16.3 reflected
on the opposite side of lens 20.

CIRCUITRY AND DATA PROCESSING

The data processing system for apparatus 4 is shown
generally at 50 in FIG. 3. The system contains four
modules comprising a system controller module 52, a
monitor module 54, a data processing module 56 and a
scanner head module 58. Variations of the system may
involve a plurality of data processing modules 56 and a
plurality of scanner head modules 58. All modules ex-
cept the scanner head module 58, are operably con-
nected to communicate via a bus system 51.

The purpose of the processing electronics is to re-
ceive reflected light images at the scanner head module
58, convert those light images into electrical signals,
process the electrical signals and cause distance data to
appear on a display. The processing electronics is also
adapted to allow an external computer to read the data.

Control of the overall system is performed by the
system controller module 52. The system controller
module 52 manipulates control signals to the data pro-
cessing module 56 and the scanner head module 58. The
scanner head module 58 interprets these control signals
and issues image signals 57, 59 to the data processing
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module 56. The data processing module 56 then inter-
prets the image signals 57, 59 and stores the appropriate
data in a memory device 102 such as a static RAM,
shown in FIG. 5. This sequence of the issuance of con-
trol signals from the system controller module 52 of
FIG. 3 to the scanner head module 58 and from the
scanner head module 58 back to the data processing
module 56 operates continuously many times per sec-
ond. Should the user decide to observe the data being
stored in the memory device 102 of FIG. 5, the monitor
module 54 will send signals to the data processing mod-
ule 56 which issues data signals back to the monitor
module 54 which then displays the data for the user.
The sequence of events involved in gathering and dis-
playing data from the scanner head module 58 is de-
scribed in greater detail below.

The scanner head module 58 of this embodiment is
shown in FIG. 3. It includes two image sensors 26 and
30, two video amplifiers 62 and 68, and an image sensor
controller 64. In this embodiment image sensors 26 and
30 are linear charge coupled device (CCD) light-sen-
sors (such as NEC uPD799). These devices contain
2048 individual sensor cells. Under control of an image
sensor controller 64, a particular image sensor 26, for
example, is scanned by sequentially causing each of its
cells to produce an output voltage corresponding to the
received incident light. This is typically a very low
level signal and is therefore subsequently amplified by
the video amplifier circuit 62.

The video amplifiers 62, 68 in this embodiment are
two stage wide band operational amplifier circuits.
These circuits amplify the video signals from the image
sensors 26, 30 to workable voltage levels.

Because the main light beam 12 is split into a plurality
of fractional beams 16 as shown in FIG. 1, the signals
generated by the fractional beams striking the image
sensors 26, 30 are relatively weak and must be amplified
by the video amplifiers 62, 68 to increase the signal to
background noise ratio. This is accomplished by detect-
ing the presence of an image sensor signal above a cer-
tain threshold and amplifying all signals above that
threshold. The amplified signal appears as a saturated
video output signal which is either high or low corre-
sponding to the presence or absence of light on the
particular cell being observed. The video output signal
is buffered before being transmitted to the data process-
ing module 56. Each video amplifier 62 and 68 in the
scanner head module 58 transmits a separate signal 57,
59 to the data processing module 56.

The image sensor controller 64 in the scanner head
module 58 is controlled by a clock signal 75 and a sync
signal 77 originating at the system controller module 52.
The clock signal 75 operates continuously. The sync
signal 77 occurs at the beginning of the scan sequence.

When the system controller module 52 issues a sync
signal 77, the image sensor controller 64 in conjunction
with the clock signal 75 causes the image sensors 26, 30
to be scanned. The output of each cell of each image
sensor 26, 30 is sent to its respective video amplifier 62,
68 on every second clock pulse of clock signal 75. The
video amplifiers 62, 68 amplify the incoming signal and
transmit the resulting amplified signals to the data pro-
cessing module 56.

The system controller module is shown generally at
52 in FIG. 4. It includes a clock circuit 74, a sync circuit
76, a zoning circuit 78 and zoning setting switches 80.
The system controller module 52 serves to provide
clock 75 and sync 77 signals to all other modules in the
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system 50 shown in FIG. 3 and also to produce address
and control signals for the storage of distance data.

The clock circuitry 74 generates a clock signal 75 of
approximately 1 megahertz. This clock signal 75 is used
in all other modules of the system. The sync circuitry 76
produces a sync signal 77 which is also used in all other
modules. The sync circuitry 76 has the capability of
accepting an external sync signal 73 from an external
source and using that as the synchronization signal 77.

The zoning circuit 78 accepts clock 75 and sync sig-
nals 77 to produce a zone address 82 and zone control
signals 83. The zone control signals 83 include a first
latch signal (LTHI) 83.2, a second latch signal (LTH2)
83.4 and a reset signal (RST) 83.6.

The purpose of the zoning circuit 78 is to create the
effect of dividing the image sensors into a plurality of
zones. With a knowledge of the number of cells con-
tained in each image sensor 26, 30, the user can set the
zoning setting switches 80 corresponding to the number
to zones he wishes the sensor field to be divided into.

In this embodiment, the user would set the zoning
setting Switches 80 to correspond to six zones. With a
sensor field of 2048 cells, this would result in six zones
comprising 340 cells each with 8 cells unused. Thus,
upon receiving a sync pulse, the zoning circuit 78 would
form a zone address 82 and proceed to count 680 clock
pulses (2 X 340)from clock signal 75. At the end of the
680 clock pulses, the zoning circuit 78 would cause the
appropriate zone control signals 83 to be activated,
thereby controlling functions in the data processing
module 56.

After the control signals 83 have been activated, the
scanning and storage sequence for the first zone is com-
pleted. The zoning circuit 78 would then increment the
zone address 82, count another 680 clock pulses and
then activate the appropriate zone control signals 83
again. This would constitute the scanning and storage
sequence for the second zone. This process would con-
tinue until all six zones have been scanned and their data
stored. After all six are completed the scanning and
storage process is repeated.

The system controller module 52 components com-
municate with other modules of the system by the bus
system 51 shown in FIG. 3. The bus system includes an
address bus 72, a data bus 112, and control lines. Refer-
ring to FIG. 5, the address bus includes an upper ad-
dress bus 114, a lower address bus 113, and the zone
address bus 82. The data bus 112 has sixteen lines and
supports read only operations. The control lines carry
the zone control signals 83, the clock signal 75, the sync
signal 77 and various other control signals such as
power and ground as is known in the art.

The data processing module 56 shown in FIG. §
accepts the zone address 82 from the system controller
module 52 off the bus system 51. The zone address 82 is
received at the data processing module 56 through a
zone address buffer 108. The zone address buffer 108
presents the zone address 82 to the memory device 102.
The memory device 102 is used to store data relating to
the scanning of the image sensors 26, 30.

Data from the image sensors 26, 30 are transmitted to
the data processing module 56 by the scanner head
module 58 shown in FIG. 3. These data may be thought
of as binary data where a “1” represents the occurrence
of the incident light beam on the particular addressed
cell and where a “0” represents no light incident on the
particular addressed cell.
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The binary data from the first image sensor 26 is
applied to a first video detect circuit 90, shown in FIG.
5, on the data processing module 56. The binary data
from the second image sensor 30 is applied to a second
video detect circuit 92, also on the data processing
moduile 56.

The first video detect circuit 90 monitors the incom-
ing binary data for the occurrence of three successive
“1’s”, the occurrence of three successive ““1’s” repre-
senting detection of a valid beam of light incident on the
image sensor 26. Until the first “1” is detected, the first
video detect circuit 90 supplies a count pulse on every
clock pulse from clock signal 75 to a first distance
counter 94. Upon detection of the first “1”, the video
detect circuit supplies count pulses to the first distance
counter 94 at one-half the clock pulse rate of clock
signal 75. After the last “1” of the three successive “1's”
is detected, the first video detect circuit ceases its out-
put of count pulses thereby stopping the first distance
counter 94.

The first distance counter 94 consists of a twelve bit
binary counter. At the beginning of a zone scan, the first
distance counter 94 is reset to zero by the reset line 83.6
of the zone control signals. As the zone scan proceeds,
the first video detect circuit 90 supplies count pulses to
the first distance counter 94. With each count pulse the
first distance counter 94 increments by one. When the
count pulses from the first video detect circuit 90 cease,
upon the occurrence of a valid light beam, the first
distance counter 90 will hold its last count value. This
count value will represent the position of the center of
the incident light beam within the scanned zone of the
image sensor 26 (i.e. the second of the three successive
“1°8”). The count value then is forwarded to a first input
buffer 98.

The input buffer 98 passes the count value from the
first distance counter 94 to the data storage memory
102. The output of the first input buffer 98 is controlled
by the first latch signal 83.2 originating in the system
controller module 52.

In a similar fashion, input data from the second image
sensor 30 is applied to the second video detect circuit
92. This second video detect circuit 92 controls a sec-
ond distance counter 96 which supplies its output to a
second input buffer 100. The second distance counter 96
is controlled in a similar fashion to the first distance
counter 94 and the second input buffer 100 is controlled
in a similar fashion to the first input buffer 98. The
output of the second input buffer 100 is controlled by
the second latch signal 83.4 from the system controller
module 52.

At the beginning of a zone scan, the distance counters
94, 96 will both the reset to “0”. As scan data from each
of the two image sensors 26, 30 appears at their respec-
tive video detect circuits 90, 92, the distance counters
94, 96 will begin counting. Each of the two distance
counters 94, 96 will stop at a different count value de-
pending upon where each respective light beam strikes
each sensor zone as described above. At the end of the
zone scan, the first input buffer 98 will be enabled to
allow distance data from the first image sensor 26 to be
stored in the memory device 102. Immediately follow-
ing, the first input buffer 98 will be disabled and the
second input buffer 100 will be enabled thereby storing
the data from the second image sensor 30 in the memory
device 102.

To facilitate the writing of distance counter 94, 96
data into the memory device 102, a memory write en-
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able signal (WE) 107 is held active. The first and second
latch signals 83.2, 83.4 are used by a read/write control
circuit 104 to derive a chip enable (CE) 103 for the
memory device 102 thereby initiating a memory write
cycle.

The memory device 102 in this embodiment is orga-
nized as sixteen, sixteen bit words. The first eight loca-
tions a are for storing data from the first image sensor 26
and the next eight locations are for storing data from the

second image sensor 30. In this embodiment, only six of 10

the eight locations for each image sensor 26, 30 are used
since each image sensor 26, 30 has been divided into six
zones. Thus each zone within a particular image sensor
26, 30 is assigned a particular memory location into
which a 16 bit word is stored. Each 16 bit word com-
prises one bit representing the first or second image
sensor 26, 30, three bits representing the particular zone
within the image sensor and 12 bits representing dis-
tance data.

Since the scanning process occurs continuously the
sixteen memory locations are constantly updated. Scan-
ning is only interrupted by a memory read operation.

To facilitate a memory read operation, the data pro-
cessing module 56 of FIG. 5 contains an address de-
coder and buffer 106. This circuit has means to select a
module identification (I.D.) number.

Through comparator means residing in the address
decoder and buffer circuitry 106, the module I.D. num-
ber is compared with the upper address bus 114 to pro-
duce a module enable signal 117. This module enable
signal 117 disables a zone address buffer 108 and enables
signals from the lower address bus 113 to reach the
memory device 102. By disabling the zone address
buffer 108, no contention of lower memory address
lines occurs. The module enable signal 117 also acts as
an input to the read-write control circuit 104 which
produces the chip enable 103 and an output enable (OE)
105 signal for the memory device 102.

Upon receiving chip enable 103 and output enable
105 signals, the memory device 102 passes its contents
through an output buffer 110 to the system data bus 112.
The output buffer 110 is enabled by the output enable
signal 105.

Upon a memory read operation as described above,
the process of storing the distance counter 94, 96 values
is disabled. However, the scanner operation and dis-
tance counter 94, 96 control still occurs. When the
memory read operation is finished, the normal scanning
and storage operation resumes. Reading of the memory
device 102 is generally performed by the monitor mod-
ule 54 shown in FIG. 6.

The monitor module 54 includes a display address
selector 121, which is set by the user. The user decides
which image sensor 26, 30 and which zone he wishes to
view. This information is entered into the display ad-
dress selector 121 by thumb wheel switches or other
such means. The display address selector 121 forms an
eleven bit display address 125 representing the user
input data.

This eleven bit display address 125 appears on an
address display 128 which in this embodiment is a three
digit, seven segment LED display. The eleven bit dis-
play address 125 is also supplied to the input of a com-
parator 123.

The monitor module 54 also includes an address gen-
erator circuit 122. The address generator 122 contains a
twelve bit counter from which eleven bit addresses are
derived. The twelve bit counter is incremented by the
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clock signal 75 to rapidly sequence through all combi-
nations of twelve bit addresses. The output of the ad-
dress generator 122 appears as eleven bits of binary data
which are passed to the upper and lower address buses
114, 113 by an address buffer 124.

The address bus signals are also applied to the above
comparator 123. The comparator 123 uses the display
address 125 as a reference address and compares the
upper and lower address bus 114, 113 values for a
match. Upon a matched address, (i.e. when the address
bus values match the desired display address value), the
comparator 123 sends a signal to a timing circuit 127.
The timing circuit 127 stops the address generator 122
at the current value and hence holds the current value
on the upper and lower address buses 114, 113 for a
pre-determined time, this time being dependent upon
the access time of the memory device 102 in the data
processing module 56.

The timing circuit 127 also supplies a sample and hold
signal to a data latch circuit 126. While the above ad-
dress bus value is being held and hence the memory
device 102 being accessed, the sample and hold signal
keeps the data latch 126 in the sample mode. In this
mode, the data latch 126 receives data from the data bus
112 through a data buffer 129. Upon expiration of the
pre-determined time described above, the timing circuit
127 causes the sample and hold signal to switch, thereby
causing the data latch 126 to hold the input data. The
data held is presented to a data display circuit 130. The
data display circuit 130 in this case is a three digit seven
segment LED display. Thus the contents of the mem-
ory device 102 are displayed on the data display 130 of
the monitor module 54. The address generator 122 then
resumes sequencing through all combinations of twelve
bit address. Data is held on the display until the next
time the address generator 122 presents the desired
display address and the display is updated.

In summary, referring to FIG. 3, the scanning process
begins at the system controller module 52. Upon receipt
of a sync signal 77, the zoning circuit 78 of FIG. 4
presents zone addresses 82 to the memory device 102 in
the data processing module 56, shown in FIG. 5, by
way of the bus system 51. At the same time, the distance
counters 94, 96 in the data processing module 56 are
reset and started. At the same time, scanning of both of
the image sensors 26, 30 at the scanner head module 58
of FIG. 3 is started.

As the scanning process proceeds, binary zeros from
each image sensor 26, 30 located in the scanner head
module 58 are transmitted to respective video detect
circuits 90, 92 in the data processing module 56 shown
in FIG. 5. As binary “0’s” are received at each respec-
tive video detect circuit 90, 92 count pulses at the clock
frequency of clock signal 75 are transmitted to the first
and second distance counters 94, 96 respectively. Upon
detection of light on a particular cell, the image sensor
receiving that light will send a binary “1”.

Assuming the first image sensor 26 receives the light
beam, three successive binary “1’s” will be sent to the
first video detect circuit 90. Upon receipt of the first
*17, the first video detect circuit 90 will cause the first
distance counter 94 to receive count pulses at one-half
of the clock frequency of clock signal 75. After the third
of the three successive binary “1’s” is detected, the first
video detect circuit 90 will cease its output of count
pulses. The first distance counter 94 will then stop
counting and present its count value to the first input
buffer 98.
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A short time later assume, for example, that the sec-
ond image sensor 30 at the scanner head module 58 of
FIG. 3 receives light on three consecutive cells thereby
transmitting three consecutive *“1’s” to the second video
detect circuit 92 of FIG. 5 in the data processing mod-
ule 56. In the same manner described above, the second
video detect circuit 92 then causes the second distance
counter 96 to stop counting and present its output to the
second input buffer 100.

Upon completion of the scan of the first zone, the first
latch signal 83.2 will cause the first input buffer 98 to
present the contents of the first distance counter 94 to
the memory device 102. The active first latch signal
83.2 will cause a first memory write operation to occur.
This write operation will store a 16 bit value represent-
ing the first distance counter 94 contents and image
sensor 26 information.

After the data from the first distance counter 94 is
stored, the first latch signal 83.2 will go inactive and the
second latch signal 83.4 will go active thereby enabling
the second input buffer 100 presenting the contents of
the second distance counter 96 to the memory device
102. The active second latch signal 83.4 being con-
nected to one address line of the memory device 102
causes the memory address to increment. At the same
time, the active second latch signal 83.4 causes a second
memory write operation to occur. This second memory
write operation will store a sixteen bit value represent-
ing the second distance counter 96 contents and image
sensor 30 information. Thus the data from the first zone
of each image sensor 26, 30 of FIG. 3 is stored in mem-
ory device 102 of FIG. 5. In a similar fashion, the data
from the second, third, fourth, fifth and sixth zones of
each image sensor 26, 30 are stored in the memory
device 102. Upon completion of the scanning and stor-
age process for all six zones of each image sensor 26, 30,
the entire sequence is started again.

At any time during the scanning and storage process,
the user may select particular image sensor 26, 30 and
zone data he wishes to view. This is done by entering a
sensor and zone selection on the display address selec-
tor 121 on the monitor module 54 shown in FIG. 6.
When the user has made his selection, the appropriate
address will appear on the address display 128. The
address generator 122, then sequences through all possi-
ble eleven bit addresses. When the current address from
the address generator 122 matches the display address
125, the timing circuit 127 is started this causes the
current address from the address generator 122 to be
held on the upper and lower address buses 114, 113 and
causes the data latch 126 to go into the sample mode.

While the addresses are being held on the upper and
lower address buses 114, 113, the address decoder 106
will of the data processing module 56 causes the lower
address signals 113 to appear at the memory device 102
of FIG. 5. At the same time, the zone address buffer 108
is disabled. Also at the same time, the memory device
102 receives a chip enable 103 and output enable 105
thereby presenting its contents through the output
buffer 110 to the data bus 112. Data appearing on the
data bus 112 passes through the data buffer 129 in the
monitor module 54 of FIG. 6 to the data latch 126. The
data latch 126 receives the data and presents it to the
data display 130. Upon the expiration of a pre-deter-
mined time, the data latch 126 holds the data and hence
the display data is held. After the data latch 126 is in the
hold mode, the address generator 122 is restarted and
the display sequence begins again.
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The circuit described above is by way of preferred
example only. Other circuits could be devised to ac-
complish the same purposes.
The above embodiments relate to a main beam of
light split into fractional beams extending along a plane.
Alternatively, the main beam could be split into more
fractional beams to produce a grid-like pattern of spots
of light on the object. In this case the photodetector is
two-dimensional rather than linear.
What is claimed is:
1. An optical apparatus, comprising:
light projecting means for projecting a main beam of
light of relatively small diameter along an axis;

beam splitting means positioned along the axis for
splitting the beam into a plurality of discrete frac-
tional beams of light;

means for angularly displacing the fractional beams

relative to each other so the beams extend along a
common plane towards a position for an object;
and

photodetector array means having a plurality of pre-

defined zones positioned to receive respective indi-
vidual fractional beams after the fractional beams
are reflected off the object.
2. An apparatus as claimed in claim 1 wherein said
plurality of zones are adjacent each other.
3. An apparatus as claimed in claim 1 wherein said
zones are arranged in a row on said sensor.
4. An apparatus as claimed in claim 1 wherein said
zones are arranged contiguously on said sensor.
5. An apparatus for monitoring and determining the
distances of points on a surface of a strip of material
from a pre-determined reference axis, comprising:
means for projecting a stationary light beam of small
diameter along an optical axis towards the surface;

means along the axis for dividing the stationary beam
into a plurality of angularly spaced apart smaller
beams directed towards the surface and extending
along a common plane intersecting with the surface
to produce a plurality of linearly spaced apart spots
of light on the surface;

first means for gathering reflected light from the

points on the surface and projecting real images of
the spots onto a straight line along a first photode-
tector plane; and

first linear photodetector means having a plurality of

pre-defined zones positioned along the line extend-
ing along the first photodetector plane to receive
respective individual images of the spots, the first
linear photodetector means providing a quantified
signal output representing the positions of the im-
ages in respective zones along the line representing
the positions on the strip surface where the spots of
light occur relative to the reference axis.

6. An apparatus as claimed in claim 5, further com-
prising means for scanning the zones of the image sensor
sequentially to detect the positions of the real images of
the spots of light within each of the zones.

7. An apparatus as claimed in claim 6 wherein the
zones have a plurality of cells and the means for scan-
ning the zones of the image sensor comprises an elec-
tronic circuit for scanning the pixels in each zone until
a center cell corresponding to the center of the real
image of the spot within the zone is located.

8. An apparatus for monitoring and determining the
distances of points on a surface of a strip of material
from a predetermined reference axis, comprising:
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means for projecting a stationary light beam of small
diameter along an optical axis towards the surface;

means along the axis for dividing the stationary beam
into a plurality of angularly spaced-apart smaller
beams directed towards the surface and extending
along a common plane intersecting with the surface
to produce a plurality of linearly spaced apart spots
of light on the surface;

first means for gathering reflected light from the

points on the surface and projecting real images of
the spots onto a straight line along a first photode-
tector plane;
first linear photodetector means for determining the
positions of the real images of the spots along the
line extending along the first photodetector plane,
the first linear photodetector means including a
linear charge coupled image sensor having a plural-
ity of adjacent onmes, each said zone being posi-
tioned to receive the real image of one of the spots
of light, the first linear photodetector means pro-
viding a quantified signal output representing the
positions of the images along the line representing
the positions on the strip surface where the spots of
light occur relative to the reference axis.
9. An apparatus as claimed in claim 8, wherein the
means for projecting is a laser.
10. An apparatus as claimed in claim 8, wherein the
means for dividing is a fibre grating.
11. An apparatus as claimed in claim 8, wherein the
means for dividing is a diffraction grating.
12. An apparatus as claimed in claim 8, wherein the
means for gathering is a converging lens system.
13. An apparatus as claimed in claim 8, further com-
prising second means for gathering reflected light from
the spots on the surface and projecting real images of
the spots onto a straight line along a second photodetec-
tor plane; and
second linear photodetector means for determining
the positions of the real images of the spots along
the line extending along the second photodetector
plane, the second linear photodetector means pro-
viding a quantified signal output representing the
positions of the images along the second line repre-
senting the positions of the strip surface where the
spots of light occur relative to the reference axis;

the first means for gathering and the first linear pho-
todetector means being positioned to gather and
detect smaller beams reflected to a first side of the
stationary light beam and the second linear photo-
detector being positioned to gather and detect
smaller beams reflected to a second side of the
stationary light beam.

14. An apparatus as claimed in claim 8, further com-
prising means for scanning the zones of the image sensor
sequentially to detect the positions of the real images of
the spots of light within each of the zones.
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15. An apparatus as claimed in claim 14, wherein the
means for scanning the zones of the image sensor com-
prises an electronic circuit.
16. An optical apparatus comprising:
light projecting means for projecting a main beam of
light of relatively small diameter along an axis;

beam splitting means positioned along the axis for
splitting the beam into a plurality of discrete frac-
tional beams of light;

means for angularly displacing the fractional beams

relative to each other so the beams extend along a
common plane towards a position for an object;
photodetector array means positioned to receive the

fractional beams after the fractional beams are re-
flected off the object, the photodetector array
means having a plurality of adjacent zones;
light gathering means for gathering the fractional
beams of light reflected off the object and for pro-
jecting the real image of each fractional beam onto
a different said zone; and

means for scanning each of the zones sequentially to
determine the positions of each of the real images
within each of the zones.

17. An apparatus as claimed in claim 16, wherein the
beam splitting means is a fibre grating.

18. An apparatus as claimed in claim 16, wherein the
beam splitting means is a diffraction grating.

19. An apparatus as claimed in claim 16, wherein the
light gathering means is a lens system.

20. An apparatus as claimed in claim 16, wherein the
photodetector array means comprises a linear charge
coupled image sensor.

21. An apparatus for monitoring and determining the
distances of points on a surface of a strip of material from
a pre-determined reference axis, comprising:

means for projecting a plurality of angularly spaced

apart beams of light directed towards the surface and
extending along a common plane intersecting with the
surface to produce a plurality of linearly spaced apart
spots of light on the surface;

first means for gathering reflected light from the points

on the surface and projecting real images of the spots
onto a straight line along a first photodetector plane;
and

first linear photodetector means having a plurality of

pre-defined zones positioned along the line extending
along the first photodetector plane to receive respective
individual images of the spots, the zones being posi-
tioned and dimensioned so that each said image im-
pinges upon a different said zone, whereby the point on
the surface corresponding to each beam of light can be
determined from the zone upon which each said image
impinges, the first linear photodetector means provid-
ing a quantified signal output representing the position
of each said image in its respective zone along the line
representing the position on the strip surface where
each said spot of light occurs relative to the reference

axis.
* x x * %



