PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5. amn

International Publication Number: WO 91/06065

GO6F 15/70, 15/66 A2 (43) International Publication Date: 2 May 1991 (02.05.91)
1]
(21) International Application Number: PCT/US90/05676 | (74) Agent: STARR, Mark, T.; Unisys Corporation, Township

(22) International Filing Date: 4 October 1990 (04.10.90)

(30) Priority data:
419,270 10 October 1989 (10.10.89) uUs
419,530 10 October 1989 (10.10.89) UsS
419,594 10 October 1989 (10.10.89) US
419,595 10 October 1989 (10.10.89) US
420,779 10 October 1989 (10.10.89) UsS

(71) Applicant: UNISYS CORPORATION [US/US]; Town-
ship Line and Union Meeting Roads, P.O. Box 500, Blue
Bell, PA 19424 (US).

(72) Inventors: KLEIN, Robert ; 33090 Walnut Lane, Farming-
ton, MI 48018 (US). D'AOUST, Robert ; 8354 Ward,
Detroit, MI 48228 (US). GROSSE, Debora, Y. ; 4760
Washtenaw, Apt. B1, Ann Arbor, MI 48108 (US). REA-
SONER, George, E., Jr. ; 732 Waskin Drive, Tecumseh,
MI 49286 (US). WILLIAMS, David, C. ; 2775 Win-
wood, Apt. 187, Ann Arbor, MI 48015 (US). ROPPO,
Antonette, M. ; 7064 Green Farm Road, West Bloom-
field, MI 48322 (US). BRENNAN, Audrey, A. ; 21175
Woodland Glen Drive, Apt. 204, Northville, MI 48167
(US). JENNINGS, Kevin ; 33645 Longwood, Farming-
ton Hills, MI 48024 (US).

Line and Union Meeting Roads, P.O. Box 500, Blue
Bell, PA 19424 (US).

(81) Designated States: AT (European patent), BE (European
patent), CA, CH (European patent), DE (European pa-
tent), DK (European patent), ES (European patent), FR
(European patent), GB (European patent), IT (European
patert), JP, KR, LU (European patent), NL (European
pate .. SE (European patent).

Published
Without international search report and to be republished

upon receipt of that report.

(54) Title: IMAGE DATA PROCESSOR SYSTEM

(57) Abstract . 24
J
An image data processor system includes a f’:/"“’;””’ j 50) -5
plurality of subprocessors arranged in a pipeline for D,g’cﬁm 68, ” OZ;UT‘
carrying out functions of pixel normalization, back- Subprocessor Storage
ground suppression, spot and void removal, image R 120
scaling, and size detection. Processed image data con- Uf
tain useful image formation data and background 74
feature a background suppression scheme used to =66
convert each pixel value to preselected values in a /”Wpd"’; R Sx5x8
smaller range in order to facilitate data processing Eetemal | 10 9’”’30':"9'”” L5
such as compression and scaling. The initially pre- Cam,mq" Controtier / | Assembly
sented image data in the form of an array of multi-bit hputs 70
pixels having plural scale values are filtered. The &4 i
scale value pixels are converted to an array of binary 56 56
pixels in which each pixel is associated with either
background or image formation data. Patterns of pix- 7)2
els are used to transform a center pixel in a manner to l [ ] I
remove isolated spots or voids from the image. Pro- -
cessed imaged pixel data are analyzed to indicate the Itv,:,,m aliza= gz:m’z ,‘?;m o Scaling
size of the document being scanned. Processed image Subprocessor| | Subprocessor| | Subprocessor| | Subprocessor
pixel data permit a scaling processor to change the 7 (; (; }
size of the image for further processing. 58 I : | Go 2 | (g4
78
Functional

? Output




Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

applications under the PCT.

AT
AU
BB
BE
BF
BG

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria
Benin

Brazil
Canada
Central African Republic
Congo
Switzerland
Coie d'lvoire
Cameroon
Germany
Denmark

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Greece

Hungary

laly

Japan

Democratic People’s Republic
of Korca
Republic of Korca
Licchtenstein

Sri Lanka
Luxembourg
Monaco

Madagascar
Mali
Mauritania
Malawi
Netherlands
Norway
Poland
Romania
Sudan
Sweden
Senegal
Sovict Union
Chad

Togo

United States of America




PCT/US90/05676

WO 91/06065
]
IMAGE DATA PROCESSOR SYSTEM
BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to the processing of video

image data and, more particularly, to a method and apparatus

for the processing of video image data associated with a

document imaging system.
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2. Discussion

Financial documents, such as check or drafts, usually
contain a plurality of characters printed in magnetic ink which
are typically read by a sorter which automatically sorts these
documents to a plurality of bins. Prior to sorting, these
documents are physically handled by a plurality of individuals,
each of who enters the dollar amount associated therewith upon
the document by the use of specialized amount entry equipment.
Additionally, these individuals physically enter any
corrections, associated with the reading of the magnetic code,
upon each of the sorted documents.

These prior techniques of wutilizing a plurality of
individuals to  process financial documents, in the
aforementioned manner has proven to be relatively costly and
inefficient in that many of these documents have been 1lost or
destroyed during their physical handling by these individuals.
The speed associated with the processing of the documents is
also limited to the processing capabilities of the individuals

and the particular mechanical amount entry equipment used by
them.

According to the preferred embodiment of the
invention, an image processing apparatus may be created within
a single application specific integrated circuit (ASIC) chip
having a series of pipeline image preprocessors therein which
perform the functions of pixel normalization, background
suppression, spot removal, void removal, scaling, and document
height detection.

-
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The image processing system can be programmably
configured to perform any of the aforementioned functions, and
the subprocessors of this processing system may receive
downloaded program data in order to receive parameters
associated with each of these preprocessors.

Each of the image processors may be arranged in a
pipelined manner with each processor configured to perform a
different processing function on a channel of image data. The
processed images from each of these image processors may then
be used by a plurality of work stations in order to
electronically enter the dollar amount of each of th
documents, upon the acquired processed image, therelb
eliminating the need to physically handle each of the actual

documents.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention, relative to the advantages thereof, reference may be
made to the following detailed description taken in conjuncticn

with the accompanying drawings in which:

FIG. 1 is a block diagram of a typical financial
document sorting system containing image processing apparatus
made in accordance with the teachings of this invention;
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FIG. 2 is a block diagram of the image processing
apparatus of the preferred embodiment of this invention;

FIG. 3 is a block diagram of the storage RAM and
window shift register shown generally in FIG. 2;

FIG. 4 is a block diagram of the input/output
céntroller shown generally in FIG. 2:;

| FIG. 5 is a block diagram of the normalization
preprocessor block shown generally in FIG. 2;

FIG. 6 1is a flowchart detailing the steps
associated with the background suppression preprocessor block
unit shown generally in FIG. 2;

FIG. 7 is a diagram showing the contents of the
window which is shown generally in FIG. 2;

FIG. 8 is a block diagram of the background
suppression preprocessor block shown generally in FIG. 2;

FIG. 9 is a block diagram of the histogram counter
control shown generally in FIG. 8;

FIG. 10 is a flowchart detailing the computation
of a new gradient and threshold which is shown generally in FIG.
6

FIG. 11 is a block diagram of the edge detector
assembly shown generally in FIG. 8;

FIG. 12 is a block diagram of the thresholding
enabler shown generally in FIG. 8;

FIG. 13 is a block diagram of the threshold
selector shown generally in FIG. 8;

FIG. 14 is a block diagram of the remapper shﬁwn

generally in FIG. 8;
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FIG. 15 is a block diagram of the background gray-

level updater shown generally in FIG. 8;

FIG. 16 is a block diagram of the scaling

preprocessor block shown generally in FIG. 2;

FIG. 17 is a flowchart detailing the steps

associated within the scaling processor shown generally in FIG.

16;
FIG. 18 is a block diagram of the document height

detection preprocessor block shown generally in FIG. 2;

FIG. 19 is a block diagram of the spot/void

preprocessor block shown generally in FIG. 2; and

FIG. 20 is an illustration of the image processors

of this invention arranged in a pipelined manner.

DETAILED DESCRIPTION

1. Document S8ystem Overview

Referring now to FIG. 1, there is shown a financial
document sorting system 10 having a typical document sorter 12
which, in the preferred embodiment of this invention, is a model

DP1800 sorter which is manufactured by the Unisys Corporation of

Blue Bell, Pennsylvania.

Sorter 12 contains a track 14 into which a plurality
of financial documents 16 traverse through and reside within, and
further contains a typical magnetic character reader 18 and a
typical magnetic character reader controller 20. Additionally,
sorter 12 contains a document holder 22, a camera assembly 11,
and the image processor 24 made in accordance with the teachings

of the preferred embodiment of this invention.
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Controller 20 is coupled to the reader 18 by signals
on the bus 26, to a host computer 28 by signals on the bus 30,
and to the image processor 24 by signals on the bus 82. The
computer 28 is coupled to an image storage module 34 by signals
on the bus 36 and the image storage module 34 is also coupled to
the image processor 24 and to a plurality of workstations 38 by
signals on the busses 40 and 42 respectively. Additionally,
camera system 11 is coupled to the image processor 24 by signals
on bus 32.

In operation, documents 16 sequentially traverse in
Close proximity to reader 18 which reads a typical magnetic code
appearing each of the documents 16. This code is then sent to
the computer 28, by signals on the bus 30, for storage therein
and to the image processor 24, by signals on the bus 32. As each
of the documents 16 further travels within the track 14, they
pass in close proximity to the camera system 11 which captures
the image of the document 16 and outputs a digital representation
of the image on bus 82 to the image processor 24. This digital
representation comprises a plurality of image pixels having an
intensity represented by a number between 0 and 255. Image
processor 24 then processes this digitized image thereof and
sends this processed image, by signals on the bus 40, to the
image storage module 34 for storage therein. After passing by
the image processor 24, each of the documents are then sorted,
by sorter 10, in the usual way and are held within the document
holder 22.

After a typical block of the documents 16 have been

sorted in the aforementioned manner, the workstations 38, by
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signals on the bus 42 sequentially requests the aforementioned
documelnt images from the storage module 34. These images are
then downloaded to the workstations 38, by use of signals on the
bus 42, along with their associated magnetic code data obtained
from host computer 28.

After these images are captured by the workstations 38,
individual operators electronically enter the dollar amount
associated with each document and electronically resolve any
difficulties associated with the reading of the magnetic code
thereon by entering and storing the needed corrections for each
document image. Each digitized image and its dollar amount and
associated corrections then form a single computerized record
which is then sent to the storage module 34, by use of signals
on the bus 42, where it may be later accessed for use in
automatically placing the dollar amount and corrections upon the
sorted documents 16. Therefore, the aforementioned document
sorting system 10 substantially eliminates the physical handling
of the plurality of documents 16 when the associated dollar
amount is placed thereon thereby increasing the efficiency and
timeliness of the overall document sorting system 10.

Referring now to FIG. 2, there is shown image processor
24 arranged in accordance with the principles of the preferred
embodiment of this invention, and including a random access
storage memory (RAM) 50, a 5x5x8 bit shift register window
assembly 52, a document height detection subprocessor 54, an
input/output controller, a normalization subprocessor 58, a
background suppression subprocessor 60, a spot/void subprocessor

62, and a scaling subprocessor 64.
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Specifically, the document height detection
subprocessor 54 is coupled to the input/output controller 56 by
signals on bus 66 and is further coupled to the storage RAM 50
and to window shift register window assembly by signals on bus
68. The input/output controller is coupled to the storage RAM
50 and to the shift window assembly 52 by signals on bus 70 while
also being coupled to the subprocessors 58, 60, 62, and 64 by
signals on bus 72.

The shift register window assembly is additionally
coupled to storage RAM 50 by signals on bus 74 and is coupled to
each of the subprocessors 58, 60, 62, and 64 by signals on bus
76. Additionally, the subprocessors 58, 60, 62, and 64 are
coupled together by signals on bus 78 which represents a
functional output associated therewith, while the document height
detection subprocessor 54 produces a document height output on
bus 80.

Input video data is coupled to the storage RAM 50 and
to the input/output controller by signals on bus 82 while the
input/output controller further has an input bus 84 which is
coupled thereto and which contains externally placed parameter
data and command inputs which may emanate from host computer 28
through busses 30 and 32 (FIG. 1).

Generally, the normalization subprocessor 58 is used
to correct image data defects associated with such things as a
non-uniform photo-cell responsiveness of the camera system 11 or
non-uniform document illumination across a segment of a document
being scanned during the acquisition of input video data which

is placed upon bus 82 by system 1l1.
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The background suppression subprocessor 60 is used to
eliminate unwanted scenic or patterned background information
from the image of a scanned document, while retaining printed and
written information with the image associated with signals on the
bus 82. The background suppression subprocessor 60 provides for
uniform background, increased image contrast, and increased image
uniformity associated with the video data placed upon bus 82.
The spot/void filtering subprocessor 62 is used to eliminate
small white and dark anomalies which adversely affect the quality
and compressibility of the image represented by signals on the
bus 82, while the scaling subprocessor 64 allows the image to be
scaled relative to the resolution of the image by using one of
a plurality of algorithms. The document height detection
preprocessor 64 finds the highest and lowest points of transition
from the image of the document to the image of the background
thusly finding or identifying the overall height of the document
whose image is represented by signals on bus 82.

The input/output controller is used to receive
externally placed commands and parameter data associated with the
processing of the preprocessors 58, 66, 62, and 64 and is further
used in the normalization function to allow a remotely located
controller (i.e. host computer 28) to sample the input video
signals upon the bus 82. The input/output controller, by means
of signals on bus 72, selects one of the =~ubprocessors 58, 60,
62, or 64 to be activated in response to external command inputs
upon bus 84.

The shift register window assembly 52 is used as a

repository for image pixel data and is used in the performance
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of the various functions associated with subprocessors 58, 60,
62, or 64. In the preferred embodiment of this invention, shift
register window assembly 52 has a dimension of 5x5x8 bits, since
each of ﬁhe pixels associated with the video image upon the bus
82 is up to eight bits in length, and since the operations
associated with the subprocessors 58, 60, 62, and 64 are

performed upon a 5x5 pixel array.

2. S8Storage RAM and Pixel Window Assembly

Referring now to FIG. 3 there is shown further details
of the storage RAM 50 and the shift register window assembly 52
of FIG. 2. Specifically, the storage RAM 50 contains a plurality
of random access memory units 90(a-d), each of which contain a
storage capacity of approximately one column of image data, each
column having 532 addressable storage locations therein. Each
of the column storage locations is capable of storing eight bits
of data therein. .

Each of the random access memory units 90(a-d) is
coupled to an associated multiplexer 92 (a-d) by signals on buses
94, 96, 98, and 100, respectively. Additionally, the storage RAM
50 contains an address generator and read/write controller
assembly 102 which is coupled to random access memory units 90 (a-
d) by signals on bus 104 and to the input/output controller by
signals on bus 106. Controller 56 places typical write enabling
signals on bus 106 to controller 102. Address generator and
read/write controller assembly is coupled to an end-of-scan input
signal 108 from camera system 11 by signals on bus 82 and its use

will hereinlater be explained.

o



WO 91/06065 PCT/US90/05676

11

Further, each of the multiplexers 92 (a=-d) is coupled
to input/output controller 56 by signals on bus 110, which
provides a multiplexer enablement or selection signal, and each
of the multiplexers 90(a-d) are further coupled at another input
associated therewith to the input/output controller 56 by signals
on bus 1l1l2.

Shift window register assembly 52 contains a plurality
of registers 114 (a-e). Specifically, register 114(a) is coupled
to the video input represented by signals on bus 82, and the
register 114(b) is coupled to memory 90(a) and to multiplexer
92(b) by signals on bus 116. Register 114(c) is coupled to
memory 92(b) and to multiplexer 92(c) by signals on bus 118,
while the register 114(d) is coupled to memory 90(c) and to
multiplexer 92(d) by signals on bus 120. Register 114(e) is
coupled to memory 90(d) by signals on bus 122. Video data,
present on bus 82, is also coupled to an input of multiplexer
92(a).

In operation, video data on bus 82 is initially input
into multiplexer 92(a) (along with image processing data, on bus
110, which were originally input to the input/output controller
by signals on the bus 84 of FIG. 2). Multiplexer 92(a) is then
directed by the input/output controller 56, by means of signals
on bus 112, to oﬁtput either the video data that is present upon
the pbus 82 or the image processing data appearing upon the bus
110 =0 the memory 90(a) by signals on bus 94. The data
represented by the signals on bus 94 is then input into memory
90 (a) and is subsequently output therefrom to register 114 (b) and

to the multiplexer 92(b) by signals on bus 116. Additionally,




WO 91/06065 PCT/US90/05676

12

the video data associated with bus 82 is initially input into the
register 114(a) thereby.

The input/output controller 56 then sends additional
image processing data to multiplexer 92(b) by signals on bus 110
and directs multiplexer 92(b) to output either signals on bus 116
or signals on bus 110 to memory 90(b) by use of control signals
on bus 112. This output data from the multiplexer 92(b) is then
output upon bus 96. The data stored within the memory 90(b) is
then output to register 114(c) by signals on bus 118 and is
further input into the multiplexer 92(c). The input/output
controller 56 also sends control inputs to the multiplexer 92(c)
by signals on bus 110 and, as before, directs the multiplexer
92(c), by signals on bus 112, to output either signals on bus 110
or signals on bus 118 therefrom and which ultimately appear on
the bus 98.

Signal data upon bus 98 is input into memory 90 (c)
where it is subsequently output to register 114(d) by signals on
bus 120 and to multiplexer 92(d) upon the same bus 120. The
input/output controller 56 then transmits additional control data
to multiplexer 92(d) by signals on bus 112 and this control data
will cause multiplexer 92(d) to output either signals on bus 120
or signals on bus 110 to the memory 90(d). The output data
associated with the multiplexer 92(d) is placed upon bus 100.

Subsequently, memory 90(d) outputs the received data
upon bus 122 to register 1i14(e). Thus, in the aforementioned
manner, either the video input data originally received upon
bus 82 or image processing data which appears upon bus 110 is

serially shifted through the memory units 90(a=-d) and is

@
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subsequently stored within the window shift register window
assembly (FIG. 2), which is comprised of elements 114 (a-e) of
FIG. 3. This shifting is done into window shift register window
assembly in order to allow the video or control data on busses
84 and 82 respectively to be accessed and used by subprocessors
58, 60, 62, and 64.

The address generator and read/write controller
assembly 102 is used, in the aforementioned operation, to allow
data to be written to memories 90(a-d) by sending a typical
enabling signal on bus 104 thereto. Also, -controller address
generator and read/write controller assembly allows data.to be

written therefrom in response to a signal on bus 106.

Address generator and read/write controller assembly
102 further defines which addresses, of memories 90(a-d), the
received data will be placed within by the use of usual counter
mechanisms. This address definition is also sent to memories
90 (a-e) by bus 104. The end of scan input signal 108, on bus 82,
causes the address generator and read/write controller assembly
102 to note a complete line of scanned data has been received
and, in one embodiment, is used by assembly 102 to resynchronize
and reset its address counters in order to begin generating

addresses for the next line of image data pixels associated with

image signals on bus 82.
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3. Input/output Controller

Referring now to FIG. 4 there is shown further details
of the input/output controller 56 of FIG. 2 as containing a
normalization pointer 130 used for reading data from or writing
data to specific locations within storage RAM 50, a write enable
controller 132, a comparator 136, parameter data registers 138,
data registers 140 and 142, video registers 144, selector control
assembly 146, and bypass multiplexer 148.

Specifically, the data registers 140 are coupled to the
parameter data registers 138 and to the data registers 142 by
signals on bus 150 while receiving input/output data from a
previously mentioned external control apparatus by signals on bus
84. Data registers 140 are also coupled to video registers 144
by signals on bus 152, while video registers 144 are coupled to
the input video data represented by signals on bus 82.

The selector control assembly 146 is coupled to the
normalization pointer 130 by signals on bus 154 and is further
coupled to the parameter data registers 138, to the write enable
controller 132, and to data registers 142 by signals on bus 156,
while additionally being coupled to data registers 142 by signals
on bus 158. Additionally, selector control assembly 146
generates a bypass enable signal upon bus 160 which is
subsequently sent to the bypass multiplexer 148 which allows data
to be sent through image processor 24 without being acted upon
by any of the preprocessors 58, 60, 62, or 64 of FIG. 2. (The
use of bypass multiplexer 148 will be explained in a later

section of this description.)
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Additionally, the selector control assembly 146 is
coupled to signals on bus 84 which comprises input/output write
signal 162, input/output enablement signal 164, input/output
select signal 166, function select signal 168, and input/output
acknowledge signal 170. Additionally, comparator 136 is coupled
to signals on bus 104 (FIG. 3) which carry address information
from the controller assembly 102 and is coupled to the pointer
130 by bus 172, and is further coupled to assembly 146, registers

144, and to controller 132 by bus 174.

In operation, the video data represented by signals on
bus 82 is input into the registers 144 and is stored temporarily
therein, and paramete - data associated with the normalization
preprocessor 58 (FIG. 2) is input to data registers 140 by
signals on bus 84. The output of data registers 140 is coupled
by bus 150 to the parameter data registers 138 and represents
parameters associated with the normalization preprocessor block
58 of FIG. 2. The parameter data registers 138 then place these
parameters upon bus 110, as mentioned earlier. The parameters
associated with signals on bus 110 are output to the individual
memories 90(a-d) (FIG. 2) (by means of bus enabling signals 112
to multiplexers 92(a-d) but are not written thereto until a
signal on bus 104, generated by the write enable controller 132,
is transmitted to the memories 90(a=-d). This will occur only if
controller 56 issues a signal on bus 106 to assembly 102. That
is, the write enable controller 132 must receive a signal upon
buses 156 and 174 which will enable the controller 132 to
transmit the appropriate write enabling signal on the bus 106.

The signal on bus 174 indicates that an address output,




WO 91/06065 PCT/US90/05676

16

which is placed upon bus 104 from the address generator and
read/write controller assembly 102 (FIG. 3), is equal to the
contents of pointer 130. The signal on bus 156 indicates that
the normalization function has been selected by a signal 168 and
that one of the registers associated with the plurality of
parameter data registers 138 has been selected by a signal 166.
If all these conditions are true, then the signal on bus 106
emanates from write enable controller 132 to the assembly 102,
which directs the assembly 102 to allow, by signals on bus 104,
parameter data register outputs on bus 110 to be placed in
memories 90(a-d) in the manner previously described.

The contents of video registers 144 are input into data
registers 140 by bus 152 and are latched into registers 140 only
when signal on bus 174 is activated by comparator 136. This video
data may be output via bus 84 for viewing by users of the image
processor 24. Output signals on bus 72 also contains the select
signal 168 on bus 158 which is used to select one the
preprocessor blocks 58, 60, 62, or 64 of FIG. 2 and also
transmits signals on bus 112 to multiplexers 92(a-d) in response
to signals 166 and 168.

Specifically, as to the input signals 162, 164, 166,
168, and 170 of bus 84, the signal 166 directs the data on bus
84 to a specific entity 50, 52, 54, 58, 60, 62, and 64 (FIG. 2)
within image processor 24 while signal 162 determines the
direction of data (i.e. input or output) relative to the
input/output controller. Signal 164 enables assembly 146 to
begin an input/output operation, and signal 170 is sent by

assembly 146 to acknowledge receipt of data upon bus 84.
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The assembly 146, in one embodiment, comprises a
sequehtial state machine which is enabled by the activation of
signal 164. Next assembly 146 examines the state of signals 168,
166 and 162 to determine which preprocessor 54-64, which register
in the selected preprocessor 54-64, and which direction the data
is directed respectively. The selection and direction are made
over bus 156 and bus 158 to register 142. After selection, the
data is input or output from bus 84 by means of data registers
140. Completion of the cycle is indicated by the activation of
signal 170. If the normalization function is selected by signals
168 then the acknowledgment is held off until comparator 136 has
indicated an address match on bus 174.

The controller 132, in one embodiment, also comprises
a sequential state machine which is enabled by a signal on bus
174 and then examines signals on bus input/output controller and
then places a unique output which directs assembly 102, by
signals on bus 106, to continuously perform read/write cycles.
If the normalization p process is selected, by signal 168,

assembly 102 is directed to only read or write at the address set

by pointer 130.

4. Normalization

The purpose of the normalization preprocessor is to
correct image defects associated with camera system 11.
Referring now to FIG. 5 there is shown a block diagram of further
details of normalization preprocessor block 58 of FIG. 2,
including adders 200 and 202, subtractors 204, AND gates 206 and

208, delay unit 210, unsigned multiplier 212, and remapper 214.
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Also shown is bypass multiplexer 148 which is used to pass data
through image processor 24 without traversing the normalization
preprocessor block 58.

Signals on lines 216, 218, 220, and 222 are used in
conjunction with the logic entities 200, 202, 204, 206, 208, 210,
212, and 214 in order to achieve a test gain and a test bias
which generates a repeatable pattern of data. Specifically, the
gain compensation and the bias compensation values, present on
busses 222 and 218 are calculated in a software routine by the
user of the pipeline such that when the two signals on busses 218
and 222 are combined with signals on busses 216 and 220 the
aforementioned known repeatable pattern emerges on busses 224
and 226.

AND gate 206 is coupled to a signal on bus 228, which
represents a test mode enablement, and to a signal on bus 218.
AND gate 208 is also coupled to the signal on bus 228 and to the
signal on bus 222. The output of the AND gate 206 is input into
the adder 200, along with a signal on bus 216. The adder 202 is
coupled, at its inputs, to an output of AND gate 208 and to the
signal on bus 220. Adders 200 and 202 produce outputs on buses
224 and 226, respectively, which are, in turn, coupled to
subtractor 204 and to unsigned multiplier 212, respectively. The
output of subtractor 204 is coupled to an input of multiplier 212
of bus 232.

The subtractor 204 has a first input thereof coupled
to the video input signals on bus 82. The output of adder 202
is coupled to the unsigned multiplier 212 which produces an

output signal on bus 234 for transmission to remapper 214.
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Remapper 214 then produces, in a manner to be described below,
an output on bus 236 which is sent to bypass multiplexer 148.

Additionally, a signal on bus 238 representing the
presence of a document is also coupled to the delay assembly 210
which produces an output upon bus 240 for transmission to bypass
multiplexer 148. Further, the delay assembly 210 is coupled to
an end-of-scan signal on bus 108 and the bypass multiplexer is
additionally coupled to the video input signal on bus 82. Bus
108 is as coupled to multiplexer 148.

Finally, the input/output controller is coupled to
bypass multiplexer 148 via bus 242 which carries an enablement
signal to select which of the input signals to multiplexer 148
will be passed to the multiplexer output at bus 244 (either
delayed output on bus 240 and output on bus 236 or non-delayed
output on buses 238 and 82, and 108.

Specifically, the gain and bias (and associated
compensation) tables required to perform the normalization
function are input into input/output controller by bus 84. The
input/output controller routes this table data of four tables to
the storage RAM 50 by bus 70 (FIG. 2). Each table is loaded in
a separate storage RAM 90(a-d) (FIG. 3).

Following loading of the tables, values of the tables
are sequentiallf output to window shift register window assembly
and this output is synchronized with the video data on bus 82.
The synchronization of the storage RAM 50 is effectuated by the
end of scan signal on bus 108. That is, a signal on bus 108

identifies the last pixel in a video scan and causes the
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generator address generator and read/write controller assembly
to reset to a predetermined initial address.

The outputs of window shift register window assembly
(i.e., bias storage signal 216, bias compensation storage signal
218, gain storage signal 220, and gain compensation storage
signal 222) are output on bus 70 to control assembly input/output
controller where they can be read by a user of image processor
24.

Entities 200-214 were placed within preprocessor block
58 in order to allow testing of the block while providing for
identical outputs. The testing methodology generally requires
the use of gain and bias compensation signals which, when
combined with the typical gain and bias signals, causes the test
gain and test bias signals to be generated, which is
predetermined to be the same for all of the preprocessor blocks
58, regardless of what channel of data they were operating upon
(i.e., in situations where multiple channels of data are
processed, in parallel, by a plurality of blocks 58). Because
the gain and bias values will be different for each channel, the
user must calculate the gain and bias compensation values by
taking the difference between the test gain and bias values the
user requires, and the actual gain and bias values.

In test mode operation, the signals on the bus 228
enables both the AND gates 206 and 208 and allows the value of
signals on the bus 218 and signals on bus 222 to be respectively
output therefrom. Thusly, the adder 200 adds signal on the bus
218 to the signal on bus 216 and produces this added signal onto

bus 224. The adder 202 then adds the signal on the bus 220 to
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the signal on the bus 222 and produces this output signal upon
the bus 226. The subtractor 204 then subtracts the signal on the
bus 224 from each of the pixel values appearing upon signal on
the bus 82 and produces an output to the unsigned multiplier 212.
The unsigned multiplier 212 then multiplies the outputs of adders
202 and subtractors 204 thereby producing an output signal on the
bus 234 to the remapper 214 which converts the seven bit value
of incoming data into six bit values of gray-scale video and in
one embodiment comprise truly a lookup table. The remapper is
used in order to have the data represent the true actual accuracy
associated therewith.

In normal operating mode, signals on bus 228 forces the
outputs of gate 206 and 208 to zero allowing bias and gain values’
from busses 216 and 220 to pass unaltered through adders 200 and
202 respectively.

Multiplexer 148 allows a user of image processor 24 to
bypass preprocessor block 58 as the need arises. In one
embodiment, this entity 148 is provided in order to allow test

data to pass through block 58 unaltered.

5. Background Suppression

The purpose of background suppression is to eliminate
unwanted scenic or patterned background information while
retaining printed and written information. Referring now to FIG.
6 there is shown a flowchart 300 which represents the generalized
process involved in the background suppression sequence
associated with subprocessor 60 of FIG. 2. Many of these general .

operations associated with flowchart 300 have, in the preferred
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embodiment of this invention been implemented as a pipelined
process in hardware in order to increase the speed associated
with subprocessor 60. Essentially, the background suppression
function begins with an initial step 301 followed by the step 302
which requires the obtaining of a desired video image. This
image is usually placed upon the bus 82 and is input into the
shift register window assembly 52 in the manner previously
specified. Next, step 304 requires the initialization of a
dynamic/fixed threshold ﬁemory which is used to determine if the
threshold will be dynamic or fixed for each of the individual
pixels within the obtained image and is used to store a fixed
threshold (which may be updated--to be explained later) therein
(i.e. a gray-scale background reference).

The next step 306 requires the extraction (from each
of the image pixels within the window assembly 52) of data (to
be later explained). The next step 308, is associated with the
initialization of a variable "P" used for explanatory purposes
only, while the next step, 310 requires the obtainment and
updating of a gradient histogram for each of the pixels of the
obtained image associated with the variable "pP".

Step 312 requires the incrementation of the variable
"P" which represents an index to each pixel in the acquired image
and is followed by step 314 which requires image processor 24 to
determine if a scan of the acquired image line has ended. If a
scan line has indeed ended, then step 314 is followed by step 316
which requires the computation of a new gradient threshold
associated with the portion of the acquired image which has been

inspected. If a scan line has not been ended, then step 314 is
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followed by step 318 which requires a determination, if all the
pixels of the image have operated upon. If all the pixels have
been operated upon, then step 318 is followed by step 310. If
the determination in step 318 is that all the pixels of the image
have been operated upon, then step 318 is followed by step 320
which reinitializes the previously defined variable "P". A
gradient threshold, therefore, has been generated for each column
or vertical scan line of the image at this point.

Step 320 is followed by step 322 which requires the
checking for fixed or dynamic thresholding. Step 322 is followed
by step 324 which requires calculation and selection of the pixel
threshold. Step 324 is followed b. step 326 which requires a
thresholding and remapping of the pi.el, and step 328 is followed
by step 326 which requires the updating of the background gray-
level reference associated therewith.

Step 330 follows step 328 and requires the storage in
the dynamic/fixed threshold memory of the updated background
gray-level reference, and step 332 follows step 330 which
requires image processor 24 to update the previously defined
variable "P". Step 334 follows step 332 and requires image
processor 24 to determine if all of the pixels have been operated
upon. If all the pixels have not been operated upon, then step
334 is followed.by step 322. However, if all the pixels of the
obtained image have been operated upon, then the initial state
301 is re-entered.

In order to fully understand the utilization of the

following steps by the background suppression subprocessor 60 of

FIG. 2, it is now necessary to turn to FIG. 7 which shows a
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typical pixel packing associated with the shift register window
assembly 52 of FIGS. 2 and 3. That is, shift register window
assembly 52 is seen to have columns 438, 440, 442, 444, and 446
and rows 448, 450, 452, 454, and 456. Each intersection of a row
438, 440, 442, 444, and 446 with an associated column 448, 450,
452, 454, and 456 yields a unique pixel value 458 associated with
the acquired image which was represented by signals on bus 82
(FIG. 2). For example, the pixels associated with column 442 are
designated as "Ps", "Pgp", "Pg", "Py", and "Pg".

Turning now to FIG. 8, there is shown a more detailed
block diagram of the background suppression subprocessor 60 of
FIG. 2. Subprocessor 60 includes an arithmetic and control
assembly 460, a histogram counter controller 462, a plurality of
histogram counters 464, a stroke edge detector 466, a
thresholding enabler 468, a threshold selector 470, a remapper
472, and a background gray-level updater 474.

The 5ackground‘suppression.arithmetic/control assembly
460 is coupled to shift register window assembly 52 by signals
on bus 478 and is coupled to the histogram counter controller 462
and to the plurality of histogram counters 464 by bus 480.
Control assembly 460 additionally is coupled to signals 482,
484, and 486 which respectively represent a background reference
update factor, a change in peak percentage, and an exit stroke
gradient threshold value (all of which will be herein explained).
These signals initially appear on bus 84 and are programmably
input from a user of image processor 24 of FIG. 2 to the

controller 56.
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Additionally, the control assembly 460 is coupled to
the stroke detector 466 by bus 488 and to the threshold selector
470, the remapper 472, and to the background gray-level reference
updater 474 by bus 490. Enabler 468 is coupled to the detector
466 by bus 492, to updater 474 by bus 494, and to the threshold
selector 470 by bus 496. The remapper 472 is coupled to the
selector 470 by bus 498 and to the updater 474 by bus 500.

In operation, the histogram counter controller 462 and
histogram counters 464 are used to create a histogram of gradient
magnitudes associated with the acquired image in order to
dynamically process the image knowing frequently occurring
gradient magnitudes that exist therein. The histogram is updated
with each new pixel 458 in the shift register window assembly 52,
in practice. This tailoring of gradients, in a dynamic fashion,
is seen to increase the usefulness of the background suppression
operation. That is, the background patterns with fairly high
contrast could interfere with a typical background suppression
algorithm. The gradient histogram allows the image processor 24
to distinguish between infrequently occurring high contrast
printing and more frequently occurring low contrast background

patterns, and allows these more frequently occurring patterns to

be suppressed.

The control assembly 460 is used to control the
histogram counter controller 462 and counters 464, the stroke
edge detector 466, the selector 470, and the updater 474 while
calculating a plurality of values associated with the imaging
process. The dynamic/fixed threshold memory is contained, in

this embodiment, in assembly 460 and is used to determine if a
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particular pixel 458 within the acquired image will have a
dynamic or fixed thresholding associated therewith while the
thresholding enabler 468 enables either the dynamic or the fixed
thresholding.

- The stroke edge detector 492 signals enabler 468, by
bus 492, when a contrast change has occurred which is caused by
the detection of the leading and trailing edges of printed or
written strokes upon the image. The threshold selector 470 then
computes the dynamic threshold, if it has been previously
selected, or allows fixed thresholding to occur. The remapper
472 readjusts the gray-level associated with the threshold and
pixel 458 in question, based on the threshold selector 470 and
the updater 474 then updates the gray-level or fixed thresholding
reference. As previously alluded to, it has been determined that
the dynamic thresholding has yielded empirically better results
than the results associated with the fixed thresholding due to
the fact that the dynamic thresholding may be modified for
different pixel values rather than-having one single thresholding
value to which all the pixels are represented against.

Referring now to FIG. 9, there is shown further details
of the background suppression arithmetic control assembly 400 and
controller and counters 462 and 464 respectively (FIG. 8).
Assembly 400 is seen to contain a background suppression
arithmetic unit 502 coupled by bus 504 to a comparator 506 and
further coupled by the bus 508 to a divisor unit 510.
Additionally, the divisor unit 510 is coupled to a comparator 512

by bus 514 and is coupled to the counter controller 462 by the
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same bus 514. The dynamic/fixed threshold memory 518 is coupled
to unit 502 by busses 520 and 522.

The dynamic/fixed threshold memory 518 contains two
pieces of data for each pixel position in a channel of data 82
(FIG. 2). The two pieces of data are a dynamic threshold flag

bit (signal on bus 520) and a background gray level reference

(signal on bus 522).
The flag bit, on bus 520, is "set" to indicate that at

the pixel location in a scan, dynamic thresholding should be used
to separate character strokes from background. The value of this
background gray level reference is revaluated for every scan line
of the channel (hereinafter explained). If the flag bit is
cleared, then a fixed or background gray level reference
threshold is used to separate strokes from background data.

The comparators 506 and 512 output signals on the buses
524 and 526 which are input into an AND gate 528. The output of
AND gate 528 is coupled by bus 530 to counter selector controller
462. The counter selector 462 outputs signals on the bus 532
which are input into the histogram counters 464. The histogram
counters 464 place an output signal on bus 534 which is coupled
to the background suppression arithmetic/control unit 502.

In operation, the background suppression arithmetic
unit 502 is used to generate a plurality of quantities associated
with each of the pixels within the window shift register window
assembly 52. These values include a current horizontal gradient,
a current vertical gradient, a current gradient magnitude,
previous horizontal gradient, previous vertical gradient,

previous gradient magnitude, and an average local "gray value.
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All of these aforementioned values are associated with a single
pixel 458 shown in FIG. 7.

The following computational examples are with reference
to pixel "Pg" which is placed within column 442 and row 452 of
window shift register window assembly 52, as shown in FIG. 7.
The current horizontal gradient for pixel "Pg" is defined to
equal the gray-scale value associated with pixel "P," minus the
current gray-scale value associated with pixel "Pg". The
current vertical gradient associated with pixel "Pg" is defined

"to be the current gray-scale value associated with pixel "Pg,"
minus the current gray-scale value associated with pixel "Pg,".
The current gradient magnitude is defined to be the absolite
value of the current horizontal gradient plus the absolute value
of the current vertical gradient. The previous horizontal
gradient associated with pixel "Pg" is defined to be the gray-
scale value associated with pixel "P,;" minus the gray-scale
value associated with pixel "Pg". The previous vertical
gradient is defined to be the gray-scale value associated with
pixel "P," minus the gray-scale value associated with pixel
"P,". The previous gradient magnitude is defined to be the
absolute value of the previous horizontal gradient plus the
absolute value of the previous vertical gradient. The average
local gray value associated with pixel "Pg;" is defined to be a
summation of gray-scale values associated with pixels "P,",
"Dy, "PpM, M"Pg!, "Pi", "Py,", "P,", "P,", "P,", plus two times
the summation of the gray-scale values of pixels "P,", "P;",

"Pis", "Py", "P", "Pg", "Pg", "Pg". This summation is then
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divided by twenty-five to yield the aforementioned average local
gray value.

After these gquantities have been computed, the
horizontal gradient is input to the comparator 506 of FIG. 9 by
signals on the bus 504. A value of zero is also input into the
comparator 506 along the bus 536. The comparator 506 then
compares the value of zero which is defined by the bus 536 with
the horizontal gradient placed upon the bus 504 and, if the value
of the horizontal gradient, as previously defined, is greater
than zero, then comparator S$06 places a logical high value onto
the bus 524. Each pixel 458 has six bits of data associated
therewith at this point, in one embodiment.

The comparator 512 has an input coupled to the bus 514
which is also coupled to the divisor 510. The divisor 510
divides the current gradient magnitude, on bus 508, by three and
outputs the signal onto bus 514. The comparator 512 also has an
input coupled to the bus 538 which is defined to be eight and
compares the value of eight to tpe value upon bus 514. If the
value of bus 514 is greater than eight, then the signal on the
bus 526 is defined to be logically low. If the value upon bus
514 is less than eight, then the signal on bus 526 is defined to
be logically high. The AND gate 528 then outputs a signal on the
bus 530 which is logically high, if the horizontal gradient
associated with the pixel in question is greéter than zero, but
having a current gradient magnitude being less than twenty-£five.
Should these conditions be satisfied, then the signal on the bus

530 is output from the AND gate 528 to the counter controller 462
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and which enables the counter controller 462 such that one of the
plurality of histogram counters 464 is activated.

The counter that is activated is defined by the signal
on bus 532. That is, each of the counters within the plurality
of histogram counters 464 is uniquely addressed by signals on bus
532. Thus, a histogram of values associated with each of the
pixels in the assigned image is built such that the most
frequently occurring gradients that exist within an image may be
defined. Each of the counters within the plurality of counters
464 are addressed by the output of divisor 510. Therefore, the
background suppression steps 301-314 of the flowchart of FIG. 6
have now generally been explained relative to the background
suppression associated with subprocessor 60. In order to detail
the general computation of a new gradient threshold associated
with step 316 of FIG. 6, it is necessary now to refer to FIG. 10.

Specifically, flowchart 550 of FIG. 10 begins with an
initial step of 552 which is followed by step 554 which requires
subprocessor 60 of FIG. 2 (i.e. entity 462 therein) to define a
histogram peak. That is, controller 462 examines all of the
counters within the plurality of histogram counters 464 to
determine which one has the highest value. The counter within
entity 464 with the highest value determines the peak. Step 556
follows step 554 and requires the subprocessor 60 to compute a
cutoff value. This cutoff value is defined to be the value of
the counter (within counters 464 having the highest value)
multiplied by the signal 484 (FIG. 8) which may be programmed by

the user of processor 24.
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Signal 484, 1in the preferred embodiment of this
invention represents a change in the gradient peak and in the
preferred embodiment of this invention is typically 25%. This
value was empirically derived and found to give adequate
separations between background gradients represented by the peak
of the histogram counters 464 and printed character stroke
gradients represented by those gradients exceeding the cutoff
value.

Next, step 558 follows step 556 and requires
subprocessor 60 (i.e., controller 462) to search for the first
histogram counter having contents less than or equal to the new
cutoff value. Step 560 then follows step 558 and reéuifes
subprocessor 60 to compute a gradient threshold select, which is

substantially equal to the following:

(address of histogram counter having highest value X 3) + 1

Step 560 is then followed by step 562 which defines the end of
flowchart 550.

Referring now to FIG. 11 there is shown more detail of
the stroke edge detector 466 of FIG. 8 as containing subtractors
600 (a-c), lookup tables (LUT) 602(a-c) (which may be externally
placed relative’ to the ASIC), comparators 604 (a-c) (which may
also be externally placed), subtractor 606, lookup table 608,
comparator 610, and OR gate 612. Specifically, the background
suppression arithmetic control unit 502 is coupled to subtractors
600 (a-c) by buses 614 and 616 while also being coupled to lookup

tables 602(a-c) by signals on the same bus 616. Subtractors
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600 (a-c) are coupled to the lookup tables 602 (a-c) by bus 618,
while 'lookup tables 602 (a~-c) are coupledvto comparators 604 (a-
c) by buses 620 and 622.

In operation, the stroke edge detector 466 is used to
determine the change in local contrast associated with every
pixel 458 within the acquired image on bus 82. The change in
local contrast is computed both in terms of coming into a
handwritten or printed stroke and exiting a handwritten or
printed stroke within the same pixel. The operation of the
stroke edge detector 466 will now be explained in terms of a
single pixel, that of pixel "Pg" of FIG. 7, but it should be
apparent to one of ordinary skill in art that each of the pixels
associated with window shift register window assembly, and
illustrated in FIG. 6, may be processed in a substantially
similar manner.

Unit 502 (see FIG. 9) obtains the gray-scale values
associated with pixels "p,", "P;3", and "Pgi" from the window
configuration shift register window assembly by signals on bus
478 (FIG. 8). These gray-scale values are then placed upon bus
614 and input into subtractors 600 (a-c). Subtractor 600(a)
subtracts the gray-scale value of pixel "Py;" from that of pixel
"P;" and outputs the difference on bus 618 to lookup table
602 (a). Subtractor 600(b) subtracts the gray-scale value of
pixel "Pg" from that of pixel "P,;3" and outputs the subtracted
value on bus 618 to lookup table 602 (b). Subtractor 600 (c)
subtracts pixel "P33" from the background reference threshold,
which has been fixed and stored within the unit 502, and outputs

the subtracted value to the lookup table 602 (c) by bus 618.
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Additionally, unit 502, by signals on bus 616, outputs
the gray-scale value of pixel "Py" to lookup table 602(a), the
gray-scale value of pixel "P;3" to lookup table 602(b), and the
background gray-scale reference value to lookup table 602(c).

Signals on bus 618 are then used as addresses to access
a local contrast value which has already been stored and which
is assigned to a given change in pixel level value. Upon receipt
of signals on bus 616, tables 602 (a-c) output this change in
local contrast to comparators 604 (a-c) by signals on bus 620.
Additionally, comparators 604 (a-c) also are coupled by bus 622
to lookup tables 602(a=-c), and tables 602 (a-c) output thereto a
stored (empirically formulated) contrast threshold which may be
modified by a user of image processor 24 which, in the preferred
embodiment of this invention, is 35.

Comparatofs 604 (a-c) then compare the change in local
contrast which is calculated by lookup tables 602 (a~c) with the
contrast threshold (i.e., 35) and determine if the changes in
local contrast associated with these lookup tables 602(a-c) is
greater than this threshold. If any of these changes in local
contrast are indeed greater than the threshold, then OR gate 612
outputs a logical one onto bus 624.

The subtractor 606 is used in cooperation with lookup
table 608 and comparator 610 to determine the change in local
contrast associated with exiting from a stroke within the image
in question. Specifically, assembly 502 inputs the gray-scale
value associated with pixels "Pg" and "p." to the subtractor
606 by bus 626. Assembly 502 also inputs to lookup table 608

the background gray-scale reference value associated therewith
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aloné the same bus 626. Subtractor 606 then subtracts the gray-
scale value associated with the pixel "P3" from the gray-scale
associated with the pixel "P3;" and outputs the subtracted value
to the table 608 by signals on bus 628.

Lookup table 608 then calculates the change in local
contrast based ‘upon the background reference gray-scale
associated with signals on the bus 626 and the subtracted signal
on the bus 628 and inputs this, by bus 629, to comparator 610.
This calculation is defined as: [ (P33~Py3) / (Background Reference
gray-scale)] *100.

The comparator 610 then compares the output value
associated with the change in local contrast for the exiting
stroke associated with the active pixel 458 against an
empirically derived threshold contained in table 608. In the
preferred embodiment of this invention it is 25. If, indeed,
this threshold has been exceeded, comparator 610 produces a
logical one on bus 630 indicating change in local coqtrast in the
exiting direction associated with the local pixel 458 from a
printed or written document stroke.

Referring now to FIG. 12, there is shown details of the
threshold enabler 468 of FIG. 8 as containing a NOT gate 650,
an AND gate 652, comparators 654, 656, and 658, a latch 660, OR
gate 662, AND gates 664, 666, and 668, comparators 670 and 672,
and an AND gate 674.

Specifically, AND gate 652 is coupled to the latch 660
by bus 676, while the NOT gate 650 is coupled to the latch 660

and to a first input of AND gate 664 by bus 678.
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The output of OR gate 662 is coupled to a second input
of AND gate 664 by bus 680. A first input of OR gate 662, is
coupled to the output of AND gate 666 by signals on bus 682. A
second input of AND gate 662 is coupled to an output of
comparator 654 by signals on bus 684, and a third input of AND
gate 662 is coupled to bus 630. AND gate 666 has a first input
coupled to an output of AND gate 668 via bus 686 and a second
input coupled to an output of AND gate 674 by bus 688. AND gate
652 has a first input coupled to bus 624 and a second input
coupled to the dynamic thresholding signal on bus 520 which
emanates from *he dynamic threshold memory 518 of FIG. 9.

Comparator 654 has a first input coupled to the gray-
scale value of the active pixel (i.e. pixel "P;") obtained fr
the window shift register assembly 52 by bus 478 and a second
input coupled to the background gray-scale reference signal 690
which is stored in the dynamic/fixed threshold memory 518 of FIG.
9 (and which will be explained later). Comparator 656 has a
first input coupled to the current gradient magnitude via busses
488 and 492 from assembly 460 (FIG. 8) and a second input coupled
to signal 682 which is a gradient threshold associated with an
exit stroke of the active pixel (i.e., pixel "Pg") and which is
empirically defined by the user of image processor 24 and in the
preferred embodiment of this invention, this exit stroke gradient
threshold comprises a value of seven out of a possible range of
0 to 127.

Comparators 658 and 656 have a first input coupled to
the gradient threshold associated with the exit stroke (i.e.,

signal 486) and comparators 658 and 656 have a second input
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coupled via busses 492 and 488 to the previous vertical gradient
associated with the background suppression arithmetic control
assembly 460 (FIG. 8) and the current vertical gradient (by
busses 492 and 489) respectively. The outputs of comparator 656
and 658 are respectively placed on bus 659 and 661 to gate 668.
Comparator 670 has a first input coupled by bus 492 and 488 to
the current horizontal gradient and a second input coupled to bus
692 which carries a logically zero signal. The comparator 672
likewise has a first input coupled, to the logically zero signal
on bus 692 and a second input coupled to the previous horizontal
gradient on busses 492 and 488. The outputs of comparators 670
and 672 are input to AND gate 674 by signals on bus 694.

In operation, the dynamic threshold flag signal on bus
520 is inverted by gate 650, and this inverted signal is then
sent to the input of latch 660. Additionally, the AND gate 652
will cause signal on bus 678, from invertor 650, to be latched
by latch 660 when the conditions at the input of gate 652 produce
a signal on the bus 676 which is logically high. Thus, the AND
gate 652 cooperates with the latch 660 in producing a disabling
signal, on bus 688, for the dynamic threshold select whenever the
dynamic threshold flag signal on bué 520 is logically high and
entry into a printed stroke is docketed by signal on bus 624
going to a logically high state. In other words, dynamic
thresholding is disabled if it has been previously enabled and
a printed stroke, of the image, is being processed requiring no
dynamic thresholding.

The signal on the bus 696 will comprise an enablement

signal for the dynamic thresholding as long as any one of the
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signais on the buses 630, 684, or 682 are logically high and the
enablement flag signal on bus 520 is low. That is, since the AND
gate 664 logically combines signals on the bus 678 and 680, these
signals must be both logically high in order for the signal on
bus 696 to be the same. Therefore, the signal on the bus 520
must be logically low in order for the signal on the bus 678 be
logically high. Additionally, in order for the signal on the bus
680 tc be logically high, one of the signals on the buses 630,
684, and 682 must be logically high due to the operation of the
OR gate 662.

The signal on the bus 630 will be logically high if the
aforementioned output of the comparator 610 (FIG. 11) is
logically high. The signal on the bus 684 will be logically high
if the gray-scale value associated with the pixel in question
(i.e. "Pg") is higher than the background gray-scale reference
value associated with signal 690. The signal on the bus 682 will
be logically high if the signals on the buses 686 and 686 are
both logically high. Therefore, in order for the signal on the
bus 686 to be logically high, the output of both comparators 656
and 658 must be logically high at the same time. This will occur
if the current gradient threshold associated with the pixel in
question is greater than the exit stroke gradient threshold and
if the previous gradient threshold is greater than the exit
stroke gradient threshold as well.

Signals on the bus 688 will be logically high if the
output of the comparators 670 and 672 are logically high. This
will occur only if the horizontal gradient is negative and the

previous horizontal gradient is negative as well. Should the
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signals on the buses 686, and 688 all be logically high, then the
signal on the bus 682 will be logically high and will cause the
dynamic thresholding to be enabled via a logically high signal
on the bus 696.

Referring now to FIG. 13, there is shown details of the
threshold selector 470 of FIG. 8 as containing a comparator 700,
a lookup table 702, and a multiplexer 704. Specifically, the
comparator 700 is coupled to signals on bus 490 (FIG. 8) which
carry the current gradient magnitude and the calculated gradient
threshold. Additionally, the lookup table 702 is also coupled
to a signal on the bus 490 corresponding to the average local
gray value associated with the pixel in questions. .

The comparator 700 places its output signals on bus
706 to lookup table 702 which produces an output signal on bus
708 to the multiplexer 704. Multiplexer 704 has its input
coupled to the signals on the bus 490 and receives an input
associated with the background gray-scale reference value signal
690. The value of the dynamic threshold select signal carried
by bus 490 is coupled to a select port of multiplexer 704.
Multiplexer 704 produces an output upon bus 710.

In operation, comparator 700 compares the values of the
current gradient magnitude to the computed threshold gradient,
and if the current gradient magnitude is greater than or equal
to the computed threshold gradient, comparator 700, produces a
logical one onto bus 706. If the computed threshold gradient is
greater than the current gradient magnitude, then the comparator
700 will produce a logical zero upon the bus 706. The lookup

table 702 will then use the signals on bus 706 and the average
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local gray value associated with the pixel in question to produce
a dynamic threshold associated with the pixel. The contents of
the lookup table 702 are experimentally derived and associate a
threshold value for every average local gray value of the pixel
to be thresholded. In the preferred embodiment of this invention
the dynamic threshold is approximately 102% of the average local
gray value if the signal on bus 706 is a logical "one" and
approximately 96% if it as logical "zero" in order to move the
threshold up in an area having a relatively high contrast.

This dynamic threshold is output to the multiplexer 704
by signals on bus 708. The dynamic threshold select signal on
buses 688 and 696 which are coupled to the bus 496 “hen selects
either a background gray~scale reference value or an output of
the lookup table 702 to be output from the multiplexer via bus
710 as the background suppression threshold to be used with the
pixel in question ("Pg" of FIG. 7).

Referring now to FIG. 14, there is shown further
details of the remapper 714 of FIG. 7 as containing a remapped
lookup table 714 having a first input coupled to the threshold
present upon bus 710 and a second input coupled to the gray-
scale value of the pixel in question which is present upon bus
490. The remapped lookup table 714 then compares the threshold
value present upon the bus 710 with the gray-scale value of the

pixel 490 and produces an output pixel value which is four bits

long on bus 716.
Look up table 714 is used, in the preferred embodiment

of this invention, to threshold each pixel 458 "Py" upon bus

490. This thresholding is used to decide whether to retain the
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pixel's current gray-scale value or turn it to white and
simultaneously remap the pixel from a gréy-scale range of 0 to
63 to a gray-scale range of 0 to 15.

Table 714 is created such that there is a separate
remapping curve for each possible threshold associated with
signals on line 710. Each curve has the following property:

(a) an input pixel gray value greater than * = pixel
threshold is given an output gray-scale value of
15 (white):

(b) an input pixel gray value less than twenty five
percent of the threshold on bus 710 is given an
output gray-scale value of zero (black); and

(c) an input pixel gray value between the above two
levels is given an output gray-scale value between
0 and 15.

This remapping is done to facilitate later ease of compression
and scaling, and provides increased character contrast.

Referring now to FIG. 15, there is shown further
details of the background gray-level updater 474 FIG. 8 as
containing a comparator 720, an AND gate 722, a subtractor 724,
a latch 726, a divisor 728, and an adder 730. Specifically,
comparator 720 has a first input coupled to the computed
threshold value signal on bus 710 and a second input coupled to
the gray-scale associated with the pixel "Py" by signals on bus
490. Additionally, the subtractor 724 has a first input coupled
to the gray-scale value of the pixel "P" by signals on bus 490
and a second input coupled to the background gray-scale reference

value, currently used, by signals on bus 490.
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The dynamic threshold flag signal on bus 520 (which is
coupled to bus 490) is also coupled to AND gate 722 at a first
input thereof. An output of comparator 720 is coupled by bus 732
to a second input of AND gate 722, and an output of AND gate 722
is coupled to the control latch 726 by bus 734. An output of
subtractor 724 is coupled to divisor 728 by bus 736 and an output
of divisor 728 is coupled to a first input of adder 730 by
signals on bus 738. An output of adder 730 is coupled to the
latch 732 by signals on bus 740. Additionally, the adder 730 has
a second input coupled to the background reference gray-scale
value associated with signals on the 490, and the divisor 728 hés
a second input coupled to the background gray-scale reference
update factor on bus 490. The background reference gray-scale
update factor (signal 482) is empirically determined and loadable
to image processor 24 through input/output controller 56. The
new background reference factor is output from latch 726 and
placed on bus 742.

In the preferred embodiment of this invention, the
background reference update factor is determinative of how much
of the difference between the current reference value (on bus
490) and the pixel 458 (i.e., "Pg") will be added to the current
reference value to form a new reference value. It has been
determined that a continued updating of the reference value
yields more accurate results. The preferred embodiment of this
invention uses a value of 4 for the background reference update
factor.

In operation, the background reference gray-scale value

will be updated by the cooperation of the comparator 720,
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subtractor 224, divisor 728, and adder 730. This background
reference gray-scale updated value will be output if a signal on
bus 734 enables this to occur. Specifically, the subtractor 724
will subtract the background gray-scale reference value from the
gray-scale value of the pixel 458 (e.g., pixel "Pg") and output
the value upon the bus 736 to the divisor 728. The divisor 728
will divide the subtracted value by the background reference
gray-scale value update factor which appears upon bus 490 and
outputs this divided value via bus 738 to the adder 730. The
adder 730 will then add the updated value to the current,
existing gray-scale reference value (i.e., signal 482) and
outputs the updated value upon the bus 740 to the input of latch
726. The data will not be accepted by latch 726 until signal on
bus 734 is logically high. That is, in order for the latch 726
to input the updated gray-scale value therefrom, the signal upon
the bus 490 and the signal upon the bus 732 must both be
logically high. This, in turn, requires comparator 720 to
determine that the gray-scale pixel value associated with the
active pixel 458 (i.e., "P;;) appearing on bus 490 must be
greater than the computed threshold value on bus 710.
Additionally the dynamic thresholding signal on buses 490 and
520 must also be logically high. If these two aforementioned
conditions are met, then the signal upon bus 734 is logically
high and allows the latch 726 to output the updated gray-scale

reference value, which is present upon the bus 742, therefrom.
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6. Scaling

Referring now to FIG. 16, the scaling subprocessor
block 64, which is used to modify the resolution of the image
(i.e. by changing its dimension), contains a scan-line counter
772 and a scaling processor 774. The counter 772 is coupled to
an end-of-scan signal on bus 108 (FIG. 3) and generates a single
count for every "end-of-scan" pulse that appears on bus 108,
thereby producing (on bus 776) a running identification of the
columns associated with the acquired image. Bus 776 is coupled
to an input of scaling processor 774. ‘Additionally, the scaling
processor 774 is coupled to row count signals on bus 104 (FIG.
3) and to bus 76. Processor 714 uses the row counts, on bus 104,
and column counts, on bus 776 to correctly place the position of
each of the pixels within the acquired image. The scaling
processor 714 (which may be located off the image processing
chip) uses the column count and row count associated with signals
on busses 776 and 704, respectively, to produce a scaled output.

Referring now to FIG. 17, there is shown a flowchart
800 which details the operation of the scaling processor 774
which, in the preferred embodiment of this invention, is
microprocessor based. The initial step 802, of flowchart 800,
is followed by step 804 which requires the scaling processor 774
to acquire the:row and column counts of buses 776 and 104
respectively. Step 806 follows step 804 and requires the scaling
processor 774 to select pixels of data from the RA! and shift
window register assembly 50, 51, by bus 76, wherein these pixels

are selected based upon the row in column counts on the buses 776

and 104 respectively.
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Step 808 follows step 806 in which the scaling
processor 774 processes the acquired pixels in a scaling usual
manner and then outputs the processed data onto bus 809 (Fig. 16)
to an output multiplexer 148. 1In the preferred embodiment of
this invention, the scaled output value associated with step 808
is a typical median scaled value of the selected pixels. This
is proven to retain edge features better than standard averaging
techniques. Step 808 is followed by step 804. That is, three
columns (i.e. 440, 442, and 444) of pixels and three rows (i.e.
450, 452, and 454) are processed by processor 774 at any instant
of time. Processor 774 then discards the center pixel 458 and
defines four quadrants as being defined by pixels "P,", "P,",
and "Pg"; "Pp", "Pg", and "Py"; "Py", "P,", and "Pg,"; and "P,",
"Py", and "Py" respectively. Each quadrant is then assigned a
single gray-scale value defined as the median of the gray-scale
value of the pixels within each quadrant. Processor 774 then
outputs one gray-scale value per quadrant at a time. .This median
scaling technique has proven to yield substantially sharper

images then many prior scaling techniques.

7. Height Detection

Referring now to FIG. 18, there is shown more details
of the document height detection subprocessor block 54 of FIG.
2 as containing a comparator 820, a 5x1 bit shift register 822,
an AND gate 824, a comparator 826, an AND gate 828, a pulse
generator 830, registers 832, 834, 836, and 838, a comparator

840, a NOT gate 842, and an AND gate 844.

e
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A first input of comparator 820 is coupled to video
input data on bus 82 and a second input thereof is coupled to
input/output controller 56 by bus 846 which carries signals
representing a gray-scale background reference. The reference,
in the preferred embodiment of this invention has a value of 14.
Its purpose is to distinguish between track background and
current image data. The comparator 820 compares the video input
(on a pixel by pixel basis) to that of the background reference
present on bus 846 in order to determine if the pixel is of a
document or background type. If the video input signal on bus
82 is whiter than or equal to the background reference signal on
bus 846, then the comparator 820 issues a logical one upon bus
848 to the 5x1 bit shift register 822. When the 5x1 bit shift
register 822 contains five consecutive values of one therein, a
signal on bus 850 to the AND gate 828 is transmitted. A
document-present signal (emanating from a camera assembly 11 FIG.
1) is placed on bus 852 and is coupled to a second input of AND
gate 828. The trailing edge of the signal upon bus 852 is also
input into pulse generator 830 which causes a single pulse to
emanate therefrom on bus 854 which is coupled to registers 832,
834, 836, and 838.

The output of AND gate 828 is represented by signals
on bus 856 which is coupled to a first input of AND gates 824 and
844. A second input of AND gate 824 is coupled to an output of
comparator 826 by signals on bus 858. The comparator 826 has
inputs coupled thereto which are represented by signals on bus

104 (FIG. 3) and an output of the register 832 which is

represented by signals on the bus 860.
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In operation, when five consecutive bits are loaded
into shift register 822 and the document-present signal upon bus
852 indicates a document is present, then AND gates issues a
logically high command on bus 862 to the AND gates 824 and 844.
The AND gate 824 then will issue a signal on bus 862 as a load
command to the register 832 in order to have the register 832
load the signals on bus 104 which is coupled thereto.

The load command will issue only if the comparator 826
determines that the contents of the bus 104 are greater than or
equal to the contents of the output of the signal on the bus 860,
meaning that the document video image was found at a higher
position than has previously been determined. This load command
on the bus 862 will then cause register 832 to place the current
address (on bus 104) therein. The pulse signals on bus 854 will
cause the contained value on bus 860 to be transferred to
register 836 and cause register 832 to clear. The register 836
will then load the value associated with the signals on bus 860
due to the command associated with the pulse on bus 854 and
output this value on bus 864 as an indication of the height of
the document 16. When the acquired image is captured by a camera
assembly 11 which scans from the bottom of the document to the
top thereof, another technique must be used to determine the
document height.

To determine the document height of the document 16,
when the image acquisition system scans from the bottom to the
top thereof, it is first necessary to couple the address, on bus
104, to invertor 842 whose output is coupled to an input of the

register 834 via bus 866. This value is not loaded into register



WO 91/06065 PCT/US90/05676

47
866 until AND gate 844 issues a logically high command on bus 868
thereto. This logically high command will be issued if the input
on bus 856 associated with the AND gate 824 is logically high,
indicating an occurrence of five consecutive instances of logical
ones in shift register 832 and if the output associated with the
comparator 840 is logically high as well.

Specifically, comparator 840 compares the output of
register 834 on bus 870 with the value of the output of invertor
842 on bus 866. That is, if this inverted value on bus 866 is
greater than or equal to the current address value of the
register 834, then signal on bus 841 is set to a logical one
enabling register 834 to download data.

The pulse signals on bus 854, coupled to registers 834
and 838, and again, in cooperation with signal on bus 841, allows
register 834 to send its output data on signal on bus 870 to the
register 838 and causes the register 838 to load the sent
therein. Register 834 is then cleared to zero. Subsequently,

the register 838 outputs the data upon bus 872.

8. 8Spot/Void Filtering

The spot/void subprocessor 62 is used to fill in voids
(i.e., areas of the acquired image having no gray level value
associated therewith) and filter out spots (i.e. a dark pixel

which is substantially surrounded by white pixels).

Referring now to FIG. 19, there is shown further
details of the spot/void filtering subprocessor 62 as containing
an averager 750, a comparator 752, and a look up table 754 (which

may be externally placed from image processor 24).
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Averager 750 has an input coupled to the storage RAM
50 and window shift register window assembly 52 by signals on bus
760. Averager 750 has an output coupled to the bypass
multiplexer 148 by signals on bus 756. The comparator 752 has
first and second inputs coupled to input/output controller 56 by
signals on buses 758 and an input coupled to the video on bus 82
respectively. An output of comparator 752 is coupled to the
storage RAM and shift register window assembly by signals on bus
760.

In operation, the spot/void filtering subprocessor
block 62 is used to eliminate substantially all isolated white
and black spots, voids, and protrusions from the acquired image.
Initially, video image data is input via bus 82 to the RAM and
shift register window assembly 50, 52 and thereafter to an input
of comparator 752. Comparator 752 then determines if each of the
pixels associated with the acquired image is above a certain
threshold defined by signals on bus 758. This threshold is
loaded through control unit input/output controller 56 and is
empirically derived. In the preferred embodiment of the
invention its value is 14.

This comparison then produces a binary image from the
acquired gray-scale image. This binary image is sent to RAM and
shift register window assembly 50, 52 by bus 760. This binary
bit patterned image is then output via bus 762 to a lookup table
754, which generates a signal on bus 764 to the bypass
multiplexer 148. Additionally, the gray-scale image is sent via
bus 76 to the averager 750 which produces an average value for

each of the pixels 458 relative to the four pixels "Pg", "Py",
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"p,", and "P," surrounding it, and passes this average by bus
756 to the bypass multiplexer 148. Also, the bypass multiplexer
148 has a white value entered into it by signals on bus 766 and
a black value associated with signals on bus 768. The active
pixel 458 (i.e., "Pgx" of FIG. 7) is also input into multiplexer
148 by bus 76.

The lookup table 754, generates output signals on bus
764 which are used to select which of the input signals (i.e.,
signals on buses 756, 766, 768, or 76) that are input to
multiplexer 148 and are placed on bus 770. The signal on bus
770 represents a new pixel value associated with the pixel 458
being processed and lookup table 754 selects the output of
multiplexer 148 depending upon the bit pattern of the image
containing the active pixel 458. If the active pixel 458
represents a spot then white (signal on line 766) is selected
otherwise one of signals on lines 768, 82, or 756 are selected

based upon the empirically derived table.

9. Pipeline Confiquration

Referring now to FIG. 20, there is shown a processing
pipeline 800 plurality of substantially similar image processors
24 (a-d) arranged in a pipelined configuration. Each of the image
processors 24(a), 24(b), 24(c), and 24(d) comprise separate
application specific integrated circuits and contain all of the
subprocessors 58, 60, 62, and 64 shown in FIG. 2. Each processor
24(a), 24(b), 24(c), and 24(d) performs one of the functions
associated with subprocessors 58, 60, 62, and 64. This function

is chosen by function select signal 168 (FIG. 4) and which may
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be activated by an external jumpering arrangement. Input video
data on bus 82 enters processor 24 which, in one embodiment,
performs a normalization operation thereon. This normalized
processed video data is then sent to bus 802 by bypass
multiplexer 148 therein and then to processor 24(b) which
performs background suppression thereon.

Processor 24 (b) then outputs the background suppressed
data to processor 24(d) by use of its multiplexer 148 and bus
804. Processor 24(c) receives the p;ocessed data, on bus 804,
and performs spot/void processing thereon. Processor 24(d) then
outputs this processed data on bus 806 to processor 24(c) which
performs a scaling function thereon and outputs the scaled data
on bus 808 as processed data output. Therefore, the use of
processors 24(a=-d), in the pipelined configuration 800, allows
for greater processing efficiency.

It is to be understood that the invention is not to be
limited to the exact construction or method illustrated and
described above, but that various changes and modifications may
be made without departing from the spirit and scope of the

invention as set forth in the subjoined claims that follow.
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WHAT I8 CLAIMED IS8:
1. An image processor for use in a system where a

document is carried over a track to a station where the document
is scanned by a sensor to create digital image data

representative thereof, said processor comprising:

a pixel normalization subprocessor filtering

isolated abnormalities in the image;

a background suppression subprocessor for removing
unwanted background from the image and correcting errors in the

image data created by the sensor:

a filtering subprocessor for deleting isolated
dark and light spots of predetermined size from the image data:;

an image scaling subprocessor for reducing the

size of the image; and

a size detection subprocessor for generating an

output related to the size of the document.

2. The processor of Claim 1 wherein the subprocessors
are arranged in a pipeline connected so that the output of one

subprocessor is fed to an input of another.
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3. The processor of Claim 2 wherein:

said pixel normalization subprocessor receives
video input from the sensor and provides an output to the
background suppression subprocessor;

said background suppression subprocessor providing
an output to said filtering subprocessor;

said filtering subprocessor providing an output
to said image scaling subprocessor; and

said image scaling subprocessor providing an

output to said size detection subprocessor.

4. The processor of Claim 3 which further comprises:
control means coupled in parallel to each of said

subprocessors.

5. The processor of Claim 1 which further comprises
shift register assembly means for temporarily accessing a window
of pixel data, said window containing a center pixel and its

neighbors.

6. The processor of Claim 1 wherein said size
detection subprocessor provides information relating to the

height of the document.
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7. The processor of Claim 1 which further includes

an input/output controller comprising:

a normalization pointer for reading and writing
to specific locations within a memory:;

a comparator coupled to said normalization

pointer;

a write enable controller coupled to said

comparator;

a plurality of parameter data registers coupled

to said write enabler controller;

a plurality of data registers coupled to said

write enable controller;

a plurality of video registers coupled to said

data registers;

a selector control assembly coupled to said

plurality of data registers; and

a bypass multiplexer coupled to said selector

control assembly.
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8. An image processing pipelined assembly for the
processing of video image data, said video image data containing
background images, spots, and voids therein, said image
processing pipelined assembly comprising:

(a) first image processor means, coupled to said
video image data, for normalizing said video image data and for
producing an output therefrom;

(b) second image processor means, coupled to said
output of said first image processor means, for suppressing said
background images of said video image data;

(c) third image processor means, coupled to said
output of said second image processor means, for eliminating said
spots and said voids within said video image data and for
producing an output therefrom; and

(d) fourth image processor means, coupled to said
output of said third image processor means, for scaling said

video image data and for producing an output therefrom.
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Apparatus for processing an image containing image
formation data and background, the image being represented by an
array of pixels, each pixel initially having a gray-scale value
in a first preselected range of values, said apparatus
comprising:

background suppression means for converting each
pixel value to preselected values within a second range of values

smaller than said first preselected range, said background

suppression means including:

a) background reference threshold means for

providing a background reference threshold value;

b) dynamic threshold means for providing a

dynamic threshold value which is different from the background

threshold value;

c) enabler/selector means for analyzing
predetermined pattern of pixel values surrounding each pixel
being converted and selecting the dynamic threshold value or
background reference threshold value as a function of the
analysis; and

d) remapper means for assigning a new value in
said second range to each pixel in the image as a function of the
relationship between the initial gray-scale pixel value and the

selected threshold value.
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10, The apparaﬁus of Claim 9 wherein said dynamic

threshold means comprises:

gradient means for generating at 1least one
gradient value as a function of the difference between the values
of neighboring pixels;

histogram means for generating a histogram of said
gradient values:;

gradient threshold select means for selecting a
gradient threshold value which is a function of said histogram
values; and

look up table means for genefating said dynamic

threshold value as a function of the gradient threshold value.

11. The apparatus of Claimlg which further comprises:
background level updater means for sequentially

updating said background reference threshold value as a function
of the difference between an initial pixel gray-scale value and

said selected background reference threshold value.

12, The apparatus of Claim ;3 wherein said
enabler/selector means comprises:

stroke edge detector means for detecting a change

in local contrast in the image before and after each pixel, said

stroke edge detector means providing an output which is used to

determine whether the dynamic threshold value or background

reference threshold value is selected.



WO 91/06065 PCT/US90/05676

57

13. The apparatus of Claim 12 wherein said gradient
means operates on pixels in a window and generates a current
horizontal gradient, a current vertical gradient, a current
gradient magnitude, a previous horizontal gradient, a previous

vertical gradient, a previous gradient magnitude, and an average

local gray value.

14. The apparatus of Claimj3 wherein said histogram

means comprises:

histogram counter means for storing the number of
occurrences of current gradient magnitudes of various values; and
histogram counter control means for enabling said

histogram counter means as a function of characteristics of pixel

values within the window.

15, The apparatus of Claim 13, wherein said window

comprises a five bit by five bit arrangement of shift registers.
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i6. The apparatﬁs of Claiml4 wherein said histogram
counter control means comprises:

a first comparator having first and second inputs,
one input being connected for receipt of said current horizontal
gradient and the second input being connected to a first
predetermined value;

second comparator means having first and second
inputs, the first input being connected to a second predetermined
value and the second input being connected for receipt of a value
associated with the current gradient magnitude;

logic means coupled for receipt of outputs from
the first and second comparators;

counter selector control means for receiving a
value associated with the current gradient magnitude and for
receipt of an output from said logic means, adapted to provide
an output signal to the histogram counter means for incrementing
counters therein as a function of the value of the current

gradient magnitude.

17. The apparatus of Claim )0 wherein said gradient
threshold select means comprises:
means for detecting a peak in the histogram
counter means;
input means for receiving a user programmable
factor; and
means for generating a gradient threshold value

as a function of the peak and user programmable factor.
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18- The apparatus of Claiml2 wherein said stroke edge

detector means comprises:

first substraction means for subtracting a pixel
value of interest from at least one other previously generated
pixel value and using the result to determine whether the one

pixel is entering a stroke;

second subtraction means for subtracting said
pixel from at least one previously generated pixel and using the
result to determine if said pixel in an area of the image exiting

from the stroke.

19, A method for processing an image containing image
formation data and background, the image being represented by an
array of pixels, each pixel initially having a gray-scale value,

said method comprising:

(a) selecting a background reference threshold

value;

(b) selecting a dynamic threshold value which is

different from the background threshold value;

(c) analyzing a predetermined pattern of pixel

values surrounding each pixel being processed;

(d) selecting the dynamic threshold value or said
background reference threshold value as a function of the

analysis.
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20, A method fof processing an image containing image
formation data and background, the image being represented by an
array of pixels, each pixel initially having a gray-scale value
in a first preselected range of values, said method comprising:

(a) selecting a background reference threshold
value;

(b) selecting a dynamic threshold value which is
different from the background threshold value;

(c) analyzing a predetermined pattern of pixel
values surrounding each pixel being processed;

(d) selecting the dynamic threshold value or said
background reference threshold value as a function of the
analysis;

(e) assigning a new gray-scale for each pixel,
said new gray-scale value having a second range of values, which
is smaller than said first preselected range of values, to each
pixel in the image as a function of the relationship between the

initial gray-scale pixel value and the selected threshold value.
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21. Apparatus for filtering digital image data in the
form of an array of multi-bit pixels having plural gray-scale
values, said apparatus comprising:

threshold means for storing a predetermined
threshold and for converting said gray-scale value of each said
pixels to an array of binary signals in which each pixel has a
binary signal associated therewith, one value of said binary
signal being associated with said gray-scale value being greater
than said predetermined threshold and a second value of said
binary signal being associated with said gray-scale value being
less than said predetermined threshold;

means for detecting a pattern of neighboring
binary pixels in a window containing a center pixel being

analyzed and its neighbors; and

transforming means for changing the gray-scale

value of the center pixel in the window as a function of the

detected pattern.




WO 91/06065 PCT/US90/05676
62

22, The apparatus of Claim 21 which further comprises:
averager means for averaging the values of the

pixels in the window; and
a selector means having a first input connected
to said averager means, a second input connected to a
predetermined value associated with background, a third input
connected to a predetermined value associated with image
formation data, and a fourth input providing grey scale values
of each of the neighboring pixels, whereby said selector means
outputs one of its inputs as function of the pattern  of

neighboring binary pixel values.

23. The apparatus of Claim2l wherein spots in said
image data are removed by instructing said selector to select
said second input as its output in the event that the center
pixel in the window has a value normally associated with image
formation data but is surrounded by neighbors with values

associated with background.

24, The apparatus of Claim2l which further comprises:
means for detecting invalid data for the center pixel in the
window which represents a void in the image data; and

wherein said transforming means assigns the center
pixel with a gray-scale value as a function of gray-scale values

of its neighbors.
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25, A method of filtering a digital image data in the

form of an array of pixels each having one of a plurality of
gray-scale values, said method comprising:

sequentially examining each pixel in the array and

predetermined ones of its neighbors; and

transforming each pixel to a new value as a

function of the values of the center pixel and its neighbors.

26. The method of Claim 25 which further comprises:

converting said gray-scale value pixels to binary

pixel values;

analyzing a window of said binary pixel values;

and

using the results of the analysis to transform

pixels into new values.

27. The method of Claim 26 wherein a center binary
pixel adding a value associated with image formation data is
changed to a value associated with background in the event that

it is surrounded by neighbors having background values.

28. The method of Claim 26 which further comprises:
detecting invalid data in said window; and
assigning each pixel having invalid data with a

value as a function of a detected pattern of neighboring pixels.
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29, An image processing device for use with an array
of pixel data arranged in rows and columns, said device
comprising:

first input means for receiving pixel data;

second input means for receiving a signal
indicating an end of a scan line of an image sensor that
generated the pixel data;

memory means for storing the pixel data:

address generator means for generating an address
for each pixel in a scan line;:

counter means for identifying each of said scan
line signals; and

output means for providing information regarding
each of said scan lines, each of said generated addresses, and

said pixel data.

30. The device of claim29 wherein said output means

is coupled to a scaling processor.
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31. An image processing system comprising:

an application specific integrated circuit, said
integrated circuit providing first input means for receiving
pixel data generated from an image sensor that scans the image
and provides the image data in an array of rows and columns, said
circuit further including output means providing information
about the locations of said pixel data within rows and columns
of the scanned image, as well as said pixel data at outputs

thereof; and

a scaling processor coupled to the output means

of said circuit.

32, The system of claim 3 wherein said circuit further

comprises:

second input means for receiving a signal
indicating an end of a scan line of said image sensor;

memory means for storing the pixel data;

address generator means for generating an address
for each pixel in a scan line;

counter means for identifying each of said end of

scan line signals, regarding the placement of each of said pixels

within said image date.
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33. A method of scaling image data, said method

comprising:

generating an array of pixel data that uses a
scanning image sensor that provides an end of scan line signal
at the end of each scan line;

generating an address for each pixel in a scan
line;

storing each pixel in said address; and

using said end of scan line signals and addresses
to identify rows and columns in the image; |

selecting predetermined pixels in the image:; and

combining said pixels in a predetermined manner

in order to scale down the image.

34, A scaling process for receiving first a plurality
of pixels associated with image data, each of said first
plurality of pixels having a gray-scale value associated
therewith, said scaling processor comprising:

(a) input means for receiving said first
plurality of pixels and for arranging said received first
plurality of pixels into a first matrix; and

(b) processor means, coupled to said input means,
for creating a second matrix by deleting a center pixel of said
first matrix and thereafter for creating a second plurality of
pixels, each of said second plurality of pixels having a gray-
scale value defined by a median of said gray-scale values of
said first plurality of pixels contained within said second

matrix.
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35, Apparatus for detecting a dimension of a generally
rectangular document in a system in which the document is carried
over a track to a station where the document is scanned by a
sensor to create a digital image thereof, the document being
scanned in a given direction over a scan line which includes a
portion of the track as well as the document, said apparatus
comprising:

means for defining a threshold;

detector means for generating an output in
response to a predetermined consecutive number of pixels having
values bearing a predetermined relationsi.ip to said threshold,
said threshold being chosen so that pixel values bearing said
predetermined relationship to said threshold should be associated

with the track;

document presence means for generating an output
in response to the presence of a document in the station; and

circuit means for storing pixel ©position
information and providing an output which is related to the
dimension of the document in response to outputs from the

detector means and document presence means. ’

36. The apparatus of Claim35 wherein said document is
scanned vertically acr- s the width thereof, and wherein said

output of the circuit means is the height of the document.
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37. The apparatus of Claim.3¢ wherein the pixel
position information is related to a memory address where each

pixel in the scan line is stored.

38. The apparatus of Claim37 wherein the circuit means
comprises:
address generator means for generating addresses
having values sequentially related to row numbers in the image
array:;
register means coupled to the address generator
means; and
comparator means for comparing outputs of the
address generator means and said register, said comparator means
providing an output which is used to determine whether an address
is loaded into the register means wherein, the output of the
register means providing the row number near the edge of the

document thereby defining the height thereof.
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39, The apparatus of Claim 38 wherein said detector
means comprises:
comparison means having first and second inputs,
the first input being coupled for receipt of pixel data and the
second input being coupled to said means for defining said
threshold; and
shift register means coup.«d to the output of the
comparison means for providing said output of the detector means
when five consecutive pixels bear said predetermined relationship

to said threshold.
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40. The apparatus of Claim 39 wherein said circuit

means further comprises:

first AND gate means having first and second
inputs, thg first input being coupled to the output of the shift
register means and the second input being coupled to the document
pfesence means;

second AND gate means having first and second
inputs, the first input being coupled to the output of the first
AND gate means and the second input of the second AND gate means
being coupled to the output of said comparison means;

first register means having an input connected to
the address generator means and having a load input connected to
the output of the second AND gate:;

second register means coupled to an output of the
first register means; and

pulse generator means coupled between the document
presence means and said first and second register means, adapted

to respectively clear and load said first and second registers.
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41. A method for detecting a dimension of a generally
rectangular document in a system in which the document is carried
over a track to a station where the document is scanned by a
sensor to create a digital image thereof, the document being
scanned in a given direction over a scan line which includes a
portion of the track, having a gray-scale value associated
therewith, as well as the document, said method comprising:

(a) providing a threshold having a gray-scale
value bearing a predetermined relationship to said gray-scale

value of said track:;

(b) generating an output in response to a
predetermined consecutive number of pixels having values bearing

said predetermined relationship to said threshold;

(c) providing document presence means for
generating an output in response to the presence of a document

in the station; and

(d) providing circuit means, coupled to said
document presence means, for storing pixel position information
and providing an output which is related to the dimension of the

document in response to outputs from the detector means and

document presence means.
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42, A method for detecting a dimension of a generally
rectangular document in a system in which the document is carried
over a track to a station where the document is scanned
vertically across the width thereof, the document being scanned
in a given direction over a scan line which includes a portion
of the track, having a gray-scale value associated therewith, as
well as the document, said method comprising:

(a) providing a threshold having a gray-scale
value less than said gray-scale value of said track:

(b) generating an output in response to a
predetermined consecutive number of pixels having values
exceeding said threshold;

(c) providing document presence means for
generating an output in response to the presence of a document
in the station; and

(d) providing circuit means, coupled to said
document presence means, for storing pixel position information
and providing an output which is the height of the document in
said output provided response to outputs from the detector means

and document present means.

78
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