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(57) Abstract

A large area scanning system (10) for use in scanning very large documents includes a table (12) and scanning mechanism

(16) on which is located a scanner head

(14). The scanner head includes an illumination mechanism and a camera for receiving

light reflected from a document on the table. The scanning system (10) is characterized by a controller (18) which initially scans

the document in a series of strips (106)

and generates therefrom reformatted data in the form of a sequence of scan lines. To in-

crease operating speed, the controller (18) provides for data compression with bilevel data.
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A LARGE AREA DIGITAL SCANNER
TECHNICAL FIELD

The present invention relates to optical scanning
systems and more particularly to optical scanning systenms
adapted to scan large surface areas.

BACKGROUND OF THE INVENTION

In the past several years optical scanning systems
have become generally known in the art. These systems are used
to digitize either text or two dimensional images. The
digitized signals are then stored in a computer memory for
later access. Scanning systems typically are one of two types.
Flatbed or sheet fed scanners are adapted for use with computer
peripheral equipment and scan with a camera in a raster fashion
relative to a flat image to generate corresponding digital
signals. Smaller, hand held scanners are manually moved
relative to an image and generate digital signals in much the
same manner.

Both of these types of scanners enable photographs
and documents to be digitized for use with a computer.

However, known scanning systems are burden by two fundamental
limitatjions; poor accuracy and low signal integrity. While
flatbed scanning systems provide inherently greater accuracy
and signal integrity, there are still limitations with respect
to the quality of the image due to variations in the distance
between the document being scanned and the camera. However,
the most fundamental limitation is the limit and the size of
the document which can be scanned accurately. For example, it
is simply not possible with known systems to accurately scan
blueprints having dimensions on the order of several feet.

It would be advantageous to have a scanning system
which would accommodate documents of over a very broad range of
sizes. It would be further advantageous to have a scanning
system which would scan large documents with maximum accuracy.

The present invention is drawn towards such a scanning system.
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SUMMARY OF THE TINVENTION
An object of the present invention is to provide a

system capable of digitally scanning a very large document.

Another object of the present invention is to provide
a highly accurate large area scanning system capable of
interfacing with a larger assembly of digital equipment.

Another object of the present invention is to provide
a digital scanning system characterized by high optical
resolution.

Still another object of the present invention is to
provide a digital scanning system of the foregoing type that is
characterized by software selectable optical resolution.

Another object of the present invention is to provide
a digital scanning system of the foregoing type that is
characterized by great depth of field.

According to an aspect of the present invention, a
system for use in scanning large areas includes, a table having
an upper surface with a length and a width, a scanning
mechanism affixed to the surface for moving thereabout in
response to control signals, and a camera attached to the
scanning mechanism that includes an array of photoelectric
elements each receiving an optical image from the surface and
each generating signals indicative thereof. An illumination
mechanism is configured with the camera for illuminating the
surface optical images. A controller receives signals from the
camera and includes a mechanism for generating scan signals for
the scanning mechanism to move the camera across the table
surface width in a sequence of scan strips each having an
approximate extent equal to that of the photoelectric element
array. There is both a mechanism for sampling the camera
signals and a mechanism for formatting the sampled signals in
signal arrays corresponding to the scan strips. The present
system also includes a mechanism for configuring the sampled

scan signal arrays in a sequence of scan lines extending across
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the table surface width and a mechanism for compressing the
signals in the scan lines into a data format of reduced size.

According to another aspect of the present invention,
a controller for use in controlling illumination in a scanning
system having a scanning mechanism configured with a camera and
a mechanism for controllably illuminating a surface, the
controller controls the surface illumination in accordance with
a method including the steps of providing drive signals to a
lamp to increase optical intensity therefrom; measuring signals
from an optical feedback device indicative of optical input to
the camera; measuring camera output signals and determining the
camera mechanism optical saturation. The method also has the
steps of computing signals corresponding to a selected
magnitude of the lamp drive signals at camera optical
saturation; providing signals to the lamp to generate a known
percentage of camera saturation; comparing the required lamp
setting with signals from the optical feedback device and
adjusting the lamp drive signals should the illumination not
equal the set magnitude.

According to yet another aspect of the present
invention, in a scanning system having a camera receiving light
from a surface and providing output signals indicative thereof,
with the camera including a plurality of photoelectric elements
each having a respective signal gain, a controller for use in
compensating for variations in the signal gain and surface
light in accordance with a method including the steps of
providing the camera elements with light having a minimum
intensity; generating camera output signals indicative of the
minimum light intensity, with each of the elements providing a
respective minimum light intensity signal; providing the

minimum light intensity signals to a signal subtracter
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the elements minimum light signal from itself, thereby
generating a corrected minimum light intensity signal. The
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method further includes the steps of generating camera output
signals indicative of the maximum light intensity, which allows
the camera to operate at a fixed percentage below camera
saturation with each of the elements providing a respective
maximum light intensity signal; subtracting, for each of the
elements, the camera minimum light intensity signal from the
corresponding maximum light intensity signal and generating a
difference signal therefrom computing, for each of the
elements, a gain adjustment factor whose magnitude is dependent
on the respective element difference signal magnitude and a
desired maximum signal magnitude and multiplying, for each of
the elements, the selected light intensity signals by the gain
adjustment factor to generate a corrected maximum signal whose
magnitude corresponds to the desired maximum signal magnitude.

According to still another aspect of the present
invention, a controller for use with a scanning system having a
camera receiving light from a surface and generating therefrom
camera output signals having a plurality of pixels, the '
controller includes a video processor receiving the camera
signals and generating digital video signals of more than two
bits per pixel; a mechanism for displaying to an operator for
the purpose of optimum threshold selection a visual image on a
display corresponding to the digital video signal and a
mechanism for interactively changing the threshold bifurcation
of the video signal while viewing the results. Once the
desired threshold is achieved it is sent to the video processor
to perform (during normal scanning) threshold bifurcation of
the digital video signal into a bit corresponding to minimum
and maximum levels of optical intensity.

According to still another aspect of the present

invention, a controller for use in controlling illumination in
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ining system having a scanncr configured with a camera an

a surface illumination apparatus controls illumination of the

surface in accordance with a method that includes the steps of
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providing drive signals to a lamp to increase optical intensity
therefrom to a maximum value, measuring camera output signals
corresponding to a saturation thereof and providing signals to
the lamp corresponding to a selected reduced magnitude of the
lamp drive signals at camera saturation. The method also
includes the steps of measuring the camera signals at the
reduced magnitude lamp drive signals and adjusting the lamp
drive signals should the camera signals not be reduced in

magnitude by a selected amount from the saturation magnitude.
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RIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a simplified schematic illustration of a
large area scanning system provided according to the present
invention.

Fig. 2 is a simplified schematic illustration of a
portion of the system of Fig. 1 used for illumination.

Fig. 3 is a diagrammatic illustration of an algorithm
executed by the controller of Fig. 1 in maintaining optimum
illumination.

Fig. 4 is a simplified illustration showing a portion
of the controller of Fig. 1 used to provide black signal
compensation.

Fig. 5 is a simplified illustration showing a portion
of the controller of Fig. 1 used to provide white signal
compensation.

Fig. 6 diagrammatically shows the uncompensated and
compensated dynamic range of the camera of Fig. 1.

Fig. 7 is a simplified illustration of a portion of
the controller of Fig. 1 used in video signal processing.

Fig. 8 is a top view of the scanning system of Fig. 1
showing the relative movement of a camera across a table
surface in the system of Fig. 1.

Fig. 9 is a schematic illustration showing the
operation of a threshold selection mechanism in the system of
Fig. 1.

Fig. 10 is a simplified diagrammatic illustration of
a video processor associated with the controller provided
according to the present invention.

Fig. 11 is a simplified top plan view of the table
surface of Fig. 8 showing the location of several documents
scanned by the system of Fig. 1.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to Fig. 1 there is shown in simplified
form a large area scanning system 12 provided according to the
present invention. The system includes a scanning table 12
having an active scanning surface of approximately 48" x 148",
A scanner head 14 which includes a camera and illumination
optics is configured with a scanning mechanism 16 which is
preferably of a gantry type. The preferred scanning system
includes elements from the Gerber Model 278 Scanner. As such,
it comprises a device, including motors, gears and the like for
moving the scanning mechanism along the length of the table and
a similar device for moving the scanning head across the table
width, both in response to control signals. Both the scanning
mechanism and the scanner head receive signals from controller
18, as detailed hereinafter. In sum, the controller provides
signals to control the operation of the camera and illumination
mechanism 23 in the scanner head. In addition, the controller
generates control signals for the motors associated with the
scanner mechanism for moving the scanner head relative to the
table surface 20.

The controller receives signals from the scanner head
indicative of the image as well as signals from a photoelectric
feed back sensor used in controlling the illumination of the
surface. As detailed hereinafter, the controller processes the
received signals and stores them in either memory 22 associated
with the controller and displays a digitized image of the
scanned document on work station display 24. Further, the
controller provides signals to a local area network or
equivalent as indicated schematically at line 26 for use by
other computer equipment. The system 19 also includes a linear
encoder 28 positioned on the scanning mechanism extending along
a scan axis 30. Those skilled in the art will note that some
tables such as the Model 278 table sold by the assignee of the
present invention typically provide a rotary linear encoder and
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determine the actual position of the scanner head along the
scan access by mechanism of software algorithms. However, with
the present invention the use of these known software
algorithms to determine scanner head position along the scan
access is too slow. Consequently, a linear encoder, such as
encoder 32, is used to directly measure the scanner head
position along the scan axis.

Unlike the prior art, the present invention provides
for improved uniform illumination of the document to be
scanned. The present scanner head, a portion of which is shown
in Fig. 2 contains an illumination mechanism preferably
comprised of a plurality of optical fiber elements extending
out of the Figure. The fiber optic elements are arranged in
two arrays 34 and 36 juxtaposed about a CCD camera 38,
preferably a Fairchild CCD 143 linear array having 2048 13 x 13
micron elements on 13 micron centers with an approximate
overall length of 1 inch.

An optical source (not shown) is remotely located
from the camera to provide illumination at an intensity in
accordance with received control signals. The optical source
for the fiber-optic illumination mechanism of the preferred
embodiment is a Tungsten halogen lamp which can be color
filtered in order to improve the contrast on difficult to read
documents. In the preferred embodiment the lamp is driven by a
DC power supply which is modulated from the controller to
select a desired image intensity. The scanner mechanism also
contains the requisite drive electronics to locally control the
operation of the illumination mechanism components.

The image on a document 4@ is transmitted from the
table through a linear graded index lens 42 such as a SELFOC
lens sold by the Nippon Sheet Glass Company. The preferred
lens is telecentric which makKes it highly immune to the
accuracy problems caused by variations in table flatness. The
lens is characterized by its ability to provide to the camera
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only light reflected off that portion of the image which lies
in registration with the camera. Secondly, the lens 42 has
good depth of field to ensure image fidelity throughout the
scan. The preferred lens also possesses high contrast and is
extremely compact.

A photoelectric device such as diode 44 is also
included to generate a feed back signal to amplifiers 46 and
48. In the preferred embodiment, the illumination intensity is
selected to be approximately 90% of the CCD’'s element’s
saturation level in accordance with an algorithm 50 outlined in
Fig. 3. When the system is initially energized and the scanner
head positioned over a white surface (blocks 52,54), the
controller will present signals to the illumination mechanism
to raise the lamp intensity to its maximum (block 56). The
controller measures the output of the camera elements or a
subset thereof at block 58. Next, the lamp power is lowered
incrementally and the camera element signal values are
monitored (blocks 60,62). In the preferred embodiment, the
center 2000 camera elements are monitored for an element signal
decrease of at least 5 counts from the levels initially
measured. The 5 count decrease corresponds to CCD element
output signal levels have fallen below saturation (blocks 63,
64). Thereafter, the light intensity is measured by the
photodiode (block 65) the output signal from the photodiode is
used to maintain the optical output of the lamp at the computed
level (block 66) by adjusting lamp drive power when necessary
(block 67). This optical output level is thereafter defined to
constitute "full" illumination. Although the 90% value is
preferred, another value may be chosen depending on the
application and on the target document.

The present system has a calibration process which is
characterized by the above referenced saturation detection
scheme and black and white signal level compensation detailed

hereinbelow. Referring now to Figs. 4 - 6 there is
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schematically shown portions 68, 70 of the controller of Fig. 1
respectively used for black and white signal level
compensation. With the present system there are a large number
(2048) of optical elements in the preferred camera, each having
various "0" or base signal levels and each with different
signal gains. The present invention provides for signal
compensation to ensure that signals which fall within the
dynamic range of the CCD array contain information, and
likewise eliminate any situation where information could lie on
or beyond the dynamic range limits.

In Fig. 4 there is shown the portion 68 of the
controller of Fig. 1 which generates compensation for dark or
"black” signal levels. As noted above, the output of each
element should be uniform for the darkest portion of the
document to be scanned without illumination, that is the
document portion which corresponds to a black or dark image.
This is graphically represented in Fig. 6 as curve 72.

However, given the various signal offsets for each of the
elements, the initial signal level comparison between the
different CCD elements more closely approximates curve 74 in
Fig. 6.

Referring again to Fig. 4, at block 76 video signals

taken from the darkest portion of the surface to be scanned are
initially received. These signals are provided both to random
access memory (RAM) 78 and simultaneously to subtracter 80.
The output signals therefrom corresponds to a true "@" signal
level as indicated by curve 72 in Fig. 6. A similar situation
exists for the CCD element output signals at a selected
"maximum" for the whitest image at full illumination below CCD
saturation, as demonstrated by curve 81, Fig. 6.

Gain compensation by the present invention is

1€é Lo Tiy. 5. Afier the saturation

monstrated by refere
detection algorithm has been completed, video signals from the

whitest or brightest portion of the document image with full
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illumination are received at block 82. These signals are
provided to subtracter 84 which also receives signals from RAM
78. As noted above, these signals correspond to the video
signals for the respective CCD elements from the darkest
portion of the surface without illumination. The output
signals from subtracter 84 correspond to the difference signal
magnitudes of each of the respective elements between that
element’s maximum white and minimum black signals.

The controller computes a gain factor at block 86 for
each element to adjust the gain of the element such that the
maximum light intensity at some level below CCD staturation
will yield a preselected maximum output signal. The algorithm
executed by the controller ensures that the maximum signal
output by the CCD element for the whitest portion of the
surface at full illumination corresponds to the maximum gain
available. In the preferred embodiment the algorithm
computation is as follows:

255 + video signal = X
where X equals the gain factor for signal compensation for each
CCD element. The gain factor signals are presented to RAM 78
to overwrite the contents thereof. The gain factor computed
for each CCD element is input to multiplier 87 to generate an
output signal (curve 88, Fig. 6) on line 90 corresponding to
the normalized "white" output signal.

The present controller also provides for a signal
threshold selection. As is known, scanning using a full 8 bit
grayscale generates a substantial volume of data; a problem
that is magnified by the very large documents which are to be
scanned by the present scanner. As seen schematically in Fig.
7, the present controller includes a computation assembly 92
having a workstation 122 and a grayscale processor card or
f“ll © 4

. - . -
aquivalent 24 for ] ¢ bit grayscale information
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from video signals 96 presented via buffer 98.
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In a threshold selection mode, the controller
requires the operator to select defined areas of approximately
one inch square to be scanned and shown on display 24 in full
grayscale. To this end, the controller includes a separate
hardware path, 8 bits per pixel, as detailed hereinafter. The
operator manually selects a threshold which is used by the
workstation to bifurcate the 8 bit grayscale information for
each pixel. This bifurcation is performed by the workstation
such that, an 8 bit video pixel acts as an index into a table.
The table locations are filled with values such to produce
either a black or white level pixel. The operation changes the
threshold by moving the bifurcation point in the look up table.

Once the operator has selected a threshold value via
a keyboard entry (block 99), the workstation will directly
recompute the full 8 bit grayscale information to a binary
representation as detailed above. This will be displayed
directly to the operator for approval or further selection.
Once the operator is satisfied with the threshold selection it
is down loaded to the video processor board and used for normal
scanning to produce bhilevel images. This provides substantial
savings, in the data storage and manipulation capacity which
would otherwise be needed, and improves the response speed of
the present systen.

As schematically shown in Fig. 8, the preferred
camera 38 comprises a linear array 102 of photoelectric
elements 104, such as a CCD array, extending over a length of
approximately one inch. The output signals from the array then
are equivalent to a one inch by 13 micron section of the scan
surface. In the preferred embodiment, the length of the array
is oriented to the table length, with the controller programmed
to move the array across the table width at a selected rate
while sampling the caiera elemenis accordingly. Bach scan 126
contains image data over approximately one inch of the table

length. The surface is preferably scanned in only one
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direction. The controller includes an algorithm for
"stitching" the signals from adjacent scans to ensure the
pixels are in registration and that no image gap or overlap
occur.

"Mini-raster" format is the term used to describe
the present data format of the sampled camera signals. At each
sample interval the video signals comprise image information
for a particular strip of the surface parallel to the table
edge. The signals provided to the controller, therefore, have
local coordinate information pertaining to that strip in that
scan. A scan comprises a sequence of strips extending the
table width. This data format is different as compared to a
raster format wherein each point on the table surface has a
unique pair of coordinates and the camera signals are received
in scan lines.

The present system is characterized by a software
selectable resolution. The highest possible accuracy is
delivered with the preferred system having resolution
capabilities of between 200 and 1200 DPI (dots per inch). Once
the user has selected the desired resolution, changes are
accomplished as follows. The CCD array is advanced from right
to left in Fig. 8 and from a lower to an upper portion
sequentially. It is preferred that a single pass scanning
technique be used. Signals from the CCD array are then
provided to the controller which generates therefrom pixel data
in mini raster format comprising a X and Y position vector and
a value for intensity for that pixel at that scan position.
Note that an effective pixel is formed by integrating the
signals from a select number fractions of adjacent CCD elements
in the array as determined by the selected resolution. For
example, a 200 dots per inch resolution will have 6 times the
number of CCD element signals integrated thain will a resolution
of 1200 DPI. Resolution is varied in the scan direction by
varying the speed of the advance of the camera with a constant
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sample rate. Therefore, the camera will be advanced across the
surface 6 times more quickly for a resolution of 200 DPI then
for 1200 DPI.

One point of departure of the present invention over
the prior art is the capability of the present system to
accommodate cameras having different spatial frequency. For
example, the preferred camera has 13 micron (0.00051 in.)
square elements for use in a strip 1 inch in width. However,
the present controller allows for conversion to an English
spatial frequency by a correction in the integration
computation rather than require the hardware to conform.

Referring again to Fig. 7, the camera regquires a
transfer clock and pixel clock signal provided by clock 108.
The transfer clock signal controls the integration time of the
sensor and the pixel clock signal controls the read out rate of
the video data from the sensor. The sensor provides odd pixel
information on Channel A and even pixel information on Channel
B (lines 110 and 112). The pixel signal information is
provided to the video signal buffer which amplifies and removes
any DC offset from the signals provided on the CCD video
channels. The two channels are also summed and digitized. The
8 bit signals are then sent to the video processor. In the
preferred embodiment the video processor comprises a single
VME6U board which conforms to the known VME bus specifications.
In addition to performing the video threshold function noted
above, the video processor performs the following functions;
pixel compensation, digital resampling and integration for
various resolutions, and generation of bilevel video signals
after the threshold selection process. A direct memory access
(DMA) controller path is provided to supply dgrayscale data
through the CPU directly to the work station 122 only during
the threshold selection

process,
Fig. 9 is a simplified schematic illustration of a
portion 124 of the controller used during the threshold
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selection process. The full grayscale data from the user
defined areas reside in a controller memory portion 126
associated with the workstation. The full 8 bit wide data then
has 255 states, indicated at 128. Each pixel has a signal
value associated therewith, such as values 130, 132. A look up
table 134 with pointer 136 is also provided. Prior to entry
inté the threshold selection mode, the data is provided to the
look up table also in full grayscale. However, once the
threshold selection mode is selected, the look up table is
programmed to have all signals below the selected threshold to
be output to the display as "black" and those above to be
output as "white". In Fig. 9, the pointer, i.e. threshold
setting is set at level 140, with "hlack"” and "white" being
indicated by "00" and "ff", respectively. The video pixels act
as indexes into this table. In the preferred embodiment, a
histogram of grayscale magnitudes and their occurrence
frequency in the defined area are shown to the operator.
Selection of an 8 bit threshold level shows the operator in
real time the effect on the grayscale information stored in the
work station and indicates the information content of the data
of the subseguent scan.

After the threshold has been selected and sent to the
video processor, the 8 bit video data signals are, as shown in
Fig. 10, compared in a digital comparator 138 with the
threshold level indicated at 14@. Again, all those pixel
signals having a value below the selected value will be
processed as a "black" pixel, while all those signals whose
value exceeds the threshold will be processed as "white".

A data formatter 114 is provided and is preferably
comprised of a single VMEé&U board which conforms to the VME bus
specification. The data formatter provides motion control and
pixel reformatiing. For motion control, a ciock signal is
presented on line 116 for the two axis motors in the scanner

mechanism to position the scanner head. Position counters
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which are read by the controller indicate the actual position
of the scanner head. All X axis (table length) and Y axis
(table width) moves of the scanner head other than the actual
scanning of the camera are performed elsewhere in the
controller. The data formatter also reformats the video
signals (now bilevel) to convert the CCD array scan signals
into actual raster data in scan line format. An entire strip
of bilevel pixel data at the commanded resolution is received
and stored by the data formatter. Once the data formatter
memory has been loaded with signals corresponding to a
particular scan of a particular strip, the memory is read in
the scan direction line by line during the scan head retrace
cycle, this read operation completes the image reformatting.
Data stitching is also accomplished by the data formatter.
Stitching the data in the work station is an extremely involved
process due to the volume of data. Consequently, bilevel data
is used to simplify computation in the preferred embodiment.

A signal compressor 118 is provided and is comprised
of a single VME6U board that conforms to VME bus
specifications. This portion of the controller receives the
raster data signals from the data formatter and performs a run
length encoding data compression process (RLS) thereon before
passing these compressed signals onto a central processing unit
(CPU) 120. The RLS format is an efficient data compression
code which minimizes the document transmission time and file
size. 1In the preferred embodiment the central processing unit
comprises a Motorola Model 147 processor on a single VME6U
board. This CPU is a double high VME module with a 68030 CPU.
This CPU provides a small computer system interface (SCSI) bus
controller with direct memory access (DMA), floating point
pProcessor, tick timer, watch dog timer, and time of day clock
7ith a battery backup. The CPU periovrms scanner
calibration, overall scanner control and supplies the pixel

data to the controller work station such as personal VAX (P-
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VAX) marketed by the Digital Equipment Corporation. The
reformatted data is compressed into a run length encoded short
(RLS) code, blocked and transmitted to a remote computer by
mechanism of a small computer system interface (SCSI) bus.
Once on file in the controller work station the RLS data file
can be reprocessed to alternative formats such as the CCITT
Group 4 data format. The work station 122 includes a model
97008 work station with video monitor having the following
functions; 1) selectable scan resolution (scanning speed is
implied); 2) file naming capability; 3) CCITT format (Group 4)
optional format; 4) interactive threshold setting from scanner
display; and 5) storage on magnetic tape. Access to video
signals for real time processing (composite video 75 ohm
impedance) is provided at the scanner head.

Similarly, although the invention has been shown and
described with respect to a preferred embodiment thereof, it
should be understood by those skilled in the art that various
other changes, omissions and additions thereto may be made
therein without departing from the spirit and scope of the
present invention. For example, the present system includes
the capability of scanning several smaller documents in
sequence as shown in Fig. 11. Documents 142 - 146 are located
on the table surface. The controller determines the
coordinates of the extent thereof and advances from one to the
next at the completion of each scan. Further, the present
invention includes the capability of software selectable zoom
for display. The controller can display very large areas by
the simple selection for display of selected scan lines (i.e.,
every third line). Zoom is accomplished by adding to the
display the deleted information or a portion thereof.
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Those skilled in the art will also note that the
present invention encompasses scanning systems wherein the scan
strips are lengthwise and those scanning systems wherein the

scanner head is configured to sample the document in a
bidirectional manner.
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CLAIMS

1. A system for use in scanning large areas
comprising:

a table having an upper surface with a length and a
width;

a scanning mechanism located on the surface for
moving thereabout in response to control signals;

a camera means attached to the scanning mechanism and
including an array of photoelectric elements each receiving an
optical image from the surface and generating signals
indicative thereof;

an illumination means configured with said camera
means for illuminating said surface optical images; and

a controller receiving signals from said camera means
including;

a means for generating scan signals for said scanning
mechanism to move the camera across the table surface width in
a sequence of scan strips each having an extent equal to that
of said photoelectric element array,

a means for sampling said camera means signals, a
means fgr formatting said sampled signals in signal arrays
corresponding to said scanstrips,

a means for configuring said sampled scan signal
arrays in a sequence of scan lines extending across the table
surface width and a means for compressing said signals in said

scan lines into a data format of reduced size.

2. The system of claim 1 wherein said compressing
means further compressing said data into a run length encoded
short (RLS) data signal format.
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3., The system of claim 1 wherein said controller
further comprises a work station having a display for
displaying to an operator signals corresponding to a subset of

said scan lines.

4. The system of claim 3 wherein said controller
further comprises a means for continuously varying the size of
scan line subset displayed by said work station.

5. The system of claim 1 wherein said scan mechanism
further comprises an encoder means for providing signals
indicative of the position of said scan mechanism about said

table surface.

6. The system of claim 1 wherein said iliumination
means further comprises fiber optic means for directing light
on to a selected portion of said table surface.

7. The system of claim 1 wherein said camera means

further comprises a linear array of camera elements.

8. The system of claim 7 wherein said camera elements

comprise a charge coupled device (CCD).

9. The system of claim 1 wherein said illumination

means further comprises a telecentric lens.

10. The system of claim 1 wherein said controller
selects a resolution magnitude by generating integrated camera
means signals comprised of integrated camera element output
signals of selected adjacent ones of said camera elements.
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11. The system of claim 1 wherein said controller
samples said camera means output signals as said scanning

mechanism moves said camera means across said table width in a

single direction.

12. The system of claim 1 wherein said controller

further comprises a means for sequentially scanning a plurality
of documents simultaneously configured on said table surface.
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13. The system of claim 1 wherein said camera
further includes a plurality of photoelectric elements each
having a respective signal gain, and wherein said controller
further comprises a calibration means for calibrating the
system including:

an illumination means controlling the illumination of
said surface in accordance with a method comprising the steps
of:

providing drive signals to a lamp to increase optical
intensity therefrom to a maximum value;

measuring camera means output signals corresponding
to a saturation thereof;

providing signals to said lamp corresponding to a
selected reduced magnitude of said lamp drive signals at said
camera means saturation;

measuring said camera means signals at said reduced
magnitude lamp drive signals;

adjusting said lamp drive signals should said camera
means signals not be reduced in magnitude by a select amount
from said saturation magnitude; and

a signal compensation means for use in compensating
for variétions in said signal gain and surface light in
accordance with a method comprising the steps of:

providing said camera elements with light having a
minimum intensity;

generating camera output signals indicative of said
minimum light intensity, with each of said elements providing a
respective minimum light intensity signal;

providing said minimum light intensity signals to a
signal subtracter means at both signal inputs thereto for
subtracting each of said elements minimum light signal from
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providing said camera elements with light having a
maximum intensity;

generating camera output signals indicative of said
maximum light intensity, with each of said elements providing a
respective maximum light intensity signal;

subtracting, for each of said elements, said camera
means maximum light intensity signal from said corresponding
minimum light intensity signal and generating a difference
signal therefrom;

computing, for each of said elements, a gain
adjustment factor whose magnitude is dependent on the
respective element difference signal magnitude and a desired
maximum signal magnitude;

multiplying, for each of said elements, said maximum
light intensity signals by said gain adjustment factor to
generate a corrected maximum signal whose magnitude corresponds

to sald desired maximum signal magnitude.

14. The system of claim 13 wherein said controller
further comprises a comparator means for receiving said video
signals from said camera means and said threshold level signal
and presenting therefrom said maximum level signal should the
magnitude of said video signal exceeds said threshold signal
and presenting therefrom said minimum level signal should said
magnitude of said video signal not exceed said threshold

signal.
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15. A system for use in scanning large areas
comprising:

a table having an upper surface with a length and a
width;

a scanning mechanism affixed to said surface for
moving thereabout in response to control signals;

a camera means attached to said scanning mechanism
and including an array of photoelectric elements each receiving
an optical image from said surface and generating signals
indicative thereof;

an illumination means configured with said camera
means for illuminating said surface optical images;

a controller receiving signals from said camera means
and including a means for selecting scanner resolution by
integrating signals from selectable numbers of adjacent
photoelectric elements and generating scan signals for said
scanning mechanism to move the camera across the table surface
width in a sequence of scan strips each having an extent equal
to that of said photoelectric element array with the speed of
said scan selected in accordance with said selected resolution,

a means for sampling said camera means signals during
said scans,

a means for formatting said sampled signals in signal
arrays corresponding to said scan strips,

a means for configuring said sampled scan signal
arrays in a sequence of scan lines extending across the table
surface width and

a means for compressing said signals in said scan

lines into a data format of reduced size.

16. The system of claim 15 wherein said compressing
o) A
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17. The system of claim 15 wherein said controller
further comprises a work station having a display for
displaying to an operator signals corresponding to a subset of

said scan lines.

18. The system of claim 17 wherein said controller
further comprises a means for continuously varying the size of
scan line subset displayed by said work station.

19. The system of claim 15 wherein said scan
mechanism further comprises an encoder means for providing
signals indicative of the position of said scan mechanism about

said table surface.

20. The system of c¢laim 15 wherein said illumination
means further comprises fiber optic means for directing light
on to a selected portion of said table surface.

21. The system of claim 15 wherein said camera means

further comprises a linear array of camera elements.

22. The system of claim 15 wherein said camera

elements comprise a charge coupled device (CCD).

23. The system of claim 15 wherein said illumination

means further comprises a telecentric¢ lens.

24. The system of claim 15 wherein said controller
selects a resolution magnitude by generating integrated camera
means signals comprised of integrated camera element output

signals of selected adjacent ones of said camera elements.




WO 92/07441 PCT/US91/07512

26

25. The system of claim 15 wherein said controller
samples said camera means output signals as said scanning
mechanism moves said camera means across said table width in a

single direction.

26. The system of claim 15 wherein said controller
further comprises a means for sequentially scanning a plurality

of documents simultaneously configured on said table surface.
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27. The system of claim 15 wherein said camera
further includes a plurality of photoelectric elements each
having a respective signal gain, and wherein said controller
further comprises a calibration means for calibrating the
system including:

an illumination means controlling the illumination of
said surface in accordance with a method comprising the steps
of:

providing drive signals to a lamp to increase optical
intensity therefrom to a maximum value;

measuring camera means output signals corresponding
to a saturation thereof;

providing signals to said lamp corresponding to a
selected reduced magnitude of said lamp drive signals at said
camera means saturation;

measuring said camera means signals at said reduced
magnitude lamp drive signals;

adjusting said lamp drive signals should said camera
means signals not be reduced in magnitude by a select amount
from said saturation magnitude; and

a signal compensation means for use in compensating
for variations in said signal gain and surface light in
accordance with a method comprising the steps of:

providing said camera elements with light having a
minimum intensity;

generating camera output signals indicative of said
minimum light intensity, with each of said elements providing a
respective minimum light intensity signal;

providing said minimum light intensity signals to a
signal subtracter means at both signal inputs thereto for

subtracting each of said elements minimum light signal from

; Jenerating a corrected mindimum light inteasit
g g
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providing said camera elements with light having a
maximum intensity;

generating camera output signals indicative of said
maximum light intensity, with each of said elements providing a
respective maximum light intensity signal;

subtracting, for each of said elements, said camera
means maximum light intensity signal from said corresponding
minimum light intensity signal and generating a difference
signal therefrom;

computing, for each of said elements, a gain
adjustment factor whose magnitude is dependent on the
respective element difference signal magnitude and a desired
maximum signal magnitude;

multiplying, for each of said elements, said maximum
light intensity signals by said gain adjustment factor to
generate a corrected maximum signal whose magnitude corresponds
to said desired maximum signal magnitude.

28. The system of claim 27 wherein said controller
further comprises a comparator means for receiving said video
signals from said camera means and said threshold level signal
and presenting therefrom said maximum level signal should the
magnitude of said video signal exceed said threshold signal and
presenting therefrom said minimum level signal should said
magnitude of said video signal not exceed said threshold
signal.
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29. In a scanning system having a camera receiving
light from a surface and providing output signals indicative
thereof, said camera including a plurality of photoelectric
elements each having a respective signal gain, a controller for
use in compensating for variations in said signal gain and
surface light in accordance with a method comprising the steps
of:

providing said camera elements with light having a
minimum intensity;

generating camera output signals indicative of said
minimum light intensity, with each of said elements providing a
respective minimum light intensity signal;

providing said minimum light intensity signals to a
signal subtracter means at both signal inputs thereto for
subtracting each of said elements minimum light signal from
itself, thereby generating a corrected minimum light intensity
signal;

providing said camera elements with light having a
maximum intensity;

generating camera output signals indicative of said
maximum light intensity, with each of said elements providing a
respecti%e maximum light intensity signal;

subtracting, for each of said elements, said camera
means minimum light intensity signal from said corresponding
maximum light intensity signal and generating a difference
signal therefrom;

computing, for each of said elements, a gain
adjustment factor whose magnitude is dependent on the
respective element difference signal magnitude and a desired
maximum signal magnitude;

multiplying, for each of said elements, said maximum
light intensity signals hy said gain adjustment factor to
generate a corrected maximum signal whose magnitude corresponds

to said desired maximum signal magnitude.
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30. A controller for use with a scanning system
having a camera receiving light from a surface and generating
therefrom camera output signals having a plurality of pixels,
said controller comprising:

a video processor receiving said camera signals and
generating digital video signals of more than two signal levels
per pixel;

a means for displaying to an operator a visual image
on a display corresponding to said digital video signal;

a means for generating signals to said video
processor indicative of a selected one of said levels to
correspond to a level threshold bifurcating said digital video
signal into two levels corresponding to minimum and maximum
levels of optical intensity;

a means for receiving from said operator signals
indicative of one of said levels corresponding to said
threshold;

a means for providing control signals to said video
processor to bifurcate said received video signals in

accordance with said level threshold.
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31. A controller for use in controlling illumination
in a scanning system having a scanning means configured with a
camera means and a means for controllably iliuminating a
surface, said controller controlling said surface illumination
in accordance with a method comprising the steps of:

providing drive signals to a lamp to increase optical
intensity therefrom;

measuring signals from an optical feedback means
indicative optical input to said camera means;

measuring camera means output signals;

determining optical saturation of said camera means;

computing signals corresponding to a selected portion
of the magnitude of said lamp drive signals at said camera
means optical saturation;

providing signals to said lamp to generate an optical
output intensity therefrom corresponding to said selected
portion of the optical intensity at said camera means
saturation;

comparing said camera means signals with signals from
an optical feedback means;

adjusting said lamp drive signals should said camera
means signals not equal said selected portion of said

saturation magnitude.

32. The system of claim 31 wherein said selected
portion of said saturation magnitude is approximately 9%0% of

said saturation value.
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33. A controller for use in controlling illdmination
in a scanning system having a scanning means configured with a
camera means and a means for controllably illuminating a
surface, said controller controlling said surface illumination
in accordance with a method comprising the steps of:

providing drive sigrals to a lamp to increase optical
intensity therefrom to a maximum value;

measuring camera means output signals corresponding
to a saturation thereof;

providing signals to said lamp corresponding to a
selected reduced magnitude of said lamp drive signals at said
camera means saturation;

measuring said camera means signals at said reduced
magnitude lamp drive signals;

adjusting said lamp drive signals should said camera
means signals not be reduced in magnitude by a select amount

from said saturation magnitude.

34. The system of claim 33 wherein said selected
amount from said saturation magnitude is approximately 10% of

the amount needed to achieve said saturation.

73
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