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(57) Abstract

Thresholding and background referencing apparatus are disclosed for use with apparatus for scanning documents
having images with object and background regions. The background referencing apparatus receives, from the scanning ap-
paratus, a video signal representing the document image and generates a signal having a value representative of an esti-
mate of the background density level of the document being scanned. The apparatus produces 2 difference signal represen-
tative of the difference between the estimated background level signal and the received video signal. The estimated
background level signal is stored, and updated in response to (1) the difference signal being of a first sign associated with
transition from object to background, and (2) only small difference signals of a second sign associated with transition from
background to object, whereby large difference signals of the second sign result in substantially non change in the stored

estimated background level signal.
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Description

BACKGROUND REFERENCING

Technical Field
‘ This invention relates generally to object
5 isolation'digital image processing, and more

particdlarly, to proper referencing of'the
background of an imége_being'procesSed.

Background Art - ; .
Object isolation of images often employs image

10 segmentation by a thresholding technique wherein the
image is partitioned into a finite number of
disjoint (non—overlapping) picture elements, called
pixels, each of which is represented as a pure
binary quantity, i.e., object or background.

15 Thresholding is particularly useful for images
containing solid area objects resting upon a
contrasting background. When using a threshold rule
for image segmentation of positive images, one
assigns all pixels at or above the threshold density

20 to the object. All pixels with density below
threshold fall outside the object.

Thresholding works well if the object of
interest has a uniform density and rests on a
background of unequal but uniform density. In many

25 éases, however, the background density is not
uniform, and object contrast varies within the
image. Background density variations may be caused
by smudges and smears, paper textures, over—printing
on documents such as checks, variations in

30 background colors, and other defects in the image
itself. Even if the background density is uniform,
the video signal representing the background may be
influenced by non—image effects such as variations
in light source intensity and variations in the

35 sensitivity of the image sensor. In such cases, a
threshold level that works well in one area of the
image might work poorly in other areas.
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There are technidués,-called background

réferencing, for generating a signal which represents

an estimate‘of the background level, and for
subsequently altering thresholding parameters in

accordénée with the estimated background level signal ’
- to restore satisfactory performanceli Prior art '

background referencing techniques update the
backgroundllevel estimate as a function of the video
Signal received from the image scanner and the

-~ currently estimated background level signal.

, Typically, as shown in Figures 1 and 2, the
updating signal is derived from table lookup_which

"responds quickly to positive difference signals

between the video signal from the scanner and the
estimated background level signal (the image density
is below the estimated background densitj), and more
gradually for negative difference signals. Quick
response to positive difference signals permits
accurate background estimate updating when the image
goes from dark torlight (the trailing edge of an
object), as in region 10 of Figure 2. The gradual
response of the updating signal to negative
difference signals permits the tracking of
slow—changing backgrounds (region 12 of Figure 2),
while inhibiting the application of a large updating
signal when the negative difference signal results
from the sensing of an object rather than from the
sensing of a slowly changing background density
(region 14 of Figure 2). However, such'systems still
result in the production of at least some updating
signal when the difference signal is negative, and
will produce an erroneous updating signal which is
large enough in the case of broad objects (such as
region 16 of Figure 2), to be of concern.

PCT/US88/00794
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Disclosure of Invention

1t is therefore an object of thé present
invention to provide thresholding and background
referencing WHich'pfoduce background level estimate-—
updating signals in response to sensed changes in the
background density level. in both positive and
negative directions, but in which false updating
signals are inhibited when the difference signal
results from the sensing of objects. :

In accordance with the present invention,
background referencing apparatus is provided'for use
with apparatus for scanning documents having images
with object and background regions. The background
referencing apparatus receives, from the scanning
apparatus, a video signal representing the document
image and generates a signal having a value
representative of an estimate of the background
density level of the document being scanned. The
apparatus produces a difference signél representative
of the difference between the estimated background
level signal and the received video signal. The
estimated background level signal is stored, and
updated in response to (1) the difference signal
being of a first sign associated with transition from
object to background, and (2) only small difference
signals of a second sign associated with transition
from background to object, whereby large difference
signals of the second sign result in substantially no
change in the stored estimated background level

signal.

In accordance with a preferred embodiment of the
present invention, the updating of the stored
estimated background level signal is accomplished by
table 1ookup,'which produces an estimate—updating
output signal based on the value of the difference
signal input in accordance with a predetermined
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‘function. The updating is further accomplished by an
‘adder for summing the estimated background level.

signal and the estimate—updating signal. The-
difference signal is ‘produced by a subtractor, which-
determines therdifferepce'between the video signal
and the estimated backgfound Ieve; signal. ,
The invention, and its objecte and advanteges,'
will become more agpatent in the detailed“deécriptiOn
of the preferred embodiments presented below.
Brief Description of the Drawings
In the detailed description of the preferred

embodiments of the invention presented below,

reference is made to the accompanying drawings, in

which: ,

Figure 1 is a graph showing the background level
estimate updating signal generated by prior art
systems in response to various differences between
the video signal received from the image scanner and
estimated background level signal;

Figure 2 is a schematic chart of a hypothetical
video signal representing a document image and the
estimated background 1eve1 signal resulting from the
prior art system of Figure 1; '

' Figure 3 shows a portion of a system for object
isolation by image segmentation including a
background referencing circuit in accordance with a
preferred embodiment of the present invention;

Figure &4 shows details of the background
referencing circuit of Figure 3;. and

Figure 5 is a diagram of the contents of a table
iookup shown in Figure 4.

Best Mode for Carrying Out the Invention

Referring to Figure 3, a document 20, bearing an
image, is scanned by an optical system which includes

‘an illumination source 22, a lens 24, and an optical

sensor 26. The sensor may, for example, be a

»
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charge—coupled device linear array scanner.
Conventionally, the optical system produces a series .
of signals such as voltage levels or pulses having a
magnitude that is é function of the image optical

5 density or intensity of reflected light received by a
photodetection site on sensor 26. The series of
signals are fed sequentially as a rasterized video
signal repreSentatiVe of a plurality of pixels, each
of which isrquantitized into an analog signal applied

10 to an analog—-to—digital converter 28. '

The digitized video signal is applied to a
background referencing circuit 30 and a conventional
thresholding device 32 for determining whether to
treat each of the pixels as either object or

15 background such that the output of the thresholding
device is a two—level video signal which may be used
for reproduction of the image of document 20,
character recognition, or other purposes. The
operation of thresholding device 32 is conventional,

20 and reduces the multi-level video signal received
from the image scanner to a two—level decision based
on a comparison of the pixel and an updated estimate
of the background level supplied by background
referencing circuit 30. '

25 Background referencing circuit 30 is shown in
greater detail in Figure 4, The circuit produces on
its output 34 a multi-level digital signal, the value
of which is an estimate of the document's background
ijevel. The signal on output 34 is fed back to a

30 subtractor 36, whereat the difference between the
video signal received from the image scanner, and
representing the current pixel of the document image,
and the estimated background level signal produces a
difference signal on line 38. The difference signal

35 1is routed to a read only memory (ROM) table lookup 40.
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Table lookup 40 provides an estimate—tpdating

' signal on line 42 based on the value of.the

diffetence signal in accordance with a predetermined

. function, discussed in detail below. The estimate—

updating .signal is summed with the estimated
background level signal on output 34 by an adder 44
to produce a new estimated background level signal
which is maintained on output 34 by a latch 46 until
released by the next updated value from adder 44.
The contents of table lookup 40 are )
diagrammatically,shown in Figure 5 wherein the
difference signal input is plotted on the horizontal
axis against the estimate—updating signal output on
the vertical axis. As in the case of the prior art
as depicted by Figure 1, the estimate—updating signal
will respond quickly to positive difference signals,

‘wherein the video signal representing the current

pixel of the document image is greater than- the
estimated background level signal. Correspondingly,
the first quadrant slope of the output of table

lookup 40 as a function of the difference signal is

quite steep. The change in the estimate-updating
signal for small negative difference signals (region
50 of Figure 5) ia more gradual, also as in the prior
art. , ,

However, for 1arge negative difference signals; I
have provided for substantially no estimate—updating

"~ signal to be generated; as depicted in region 52 of

Figure 5. Referring to Figure 6, large negative
difference signals are more likely to be caused by
the sensor picking up the leading edge of an object
than by either a change in the background level of
the document or - a change in the scanning system.
Accordingly, the background referencing circuit of
the ptesent invention has been programmed to

substantially ignore such difference signals, and the
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estimated béckground level signal remains latched at
the previous level.

Reférring back to Figure 2, region 16 illustrates
what would happen to the estimated background level
signal if a large negative difference signal were
permitted to affect the output of background
referencing circuit for broad objects. That is, the
estimated background level signal would provide a
falsely low reflectivity reading. By the present
invention, the difference signal generated in
response to scanning the object is ignored.

In the above description, the phrase "large
negative difference" has been used to mean
differences of such a predetermined magnitude that
the difference would be caused by the difference in
the density of an object on a contrasting
background. Such a magnitude cannot be defined
precisely for all applications, but it is well within
the abilities of a person skilled in the art to
choose an appropriate magnitude for his or her
specific application above which no change in the
estimated background level signal is desired.. Also,
this disclosure has been prepared with the asspmption
that the document will have a positive image, wherein
the objects will be darker than the background. If
the system is to be used to scan negative images, an
inverter in line 38 could be provided, or a table
lookup used which would provide an estimate—updating
signal which quickly responds to negative difference
signals, slowly responds to small positive error
signals, and has substantially no response to large
positive difference signals. '

The invention has been described in detail with
particular reference to preferred embodiments
thereof, but it will be understood that variations
and modifications can be effected within the spirit
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and scope of the invention. For example, subtractor
36 may be omitted, and the digitized video signal,
together with the signal on output 34, fed directly
to a table lookup. The table lookup's output would
be a non—linear function of its two inputs. '
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1. Background referencing apparatus for use
with apparatus for scanning documents having images

. with object and background regions, wherein said
5  background referencing apparatus (1) receives, from
the scanning apparatus, a video signal representing
the document image, (2) generates a signal having a
value repnesenﬁati&elof an estimate of the
" background density level of the document being
10 scanned, and (3) further comprises:

means for stofing the estimated background
1eve1 signal; and

means responsive to the estimated background
level signal and the received video signal for

15 producing an estimate—updating signal when the
received video signal (1) changes in value in a
direction associated with a transition from object
to background, or (2) makes only a small change in
value in a direction associated with transition from

20 background to objeet, whereby large transitions from
background to object result in substantially no
change in the stored estimated background level
signal.

2. -Background referencing apparatus- as set

o5 forth in Claim 1, wherein said updating means
comprises table lookup which produces an
estimate—updating signal based on the respective
values of the estimated background level signal and
the received video signal in aceordance with a

30 predetermined function.

3. Background referencing apparatus as set
forth in Claim 2, further comprising updating means
for summing the estimated background level signal
and the estimate—updating signal.

35
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, ‘4. Thresholding apparatus for use with
apparatus for scanning documents having images with
object and backgtound regions, said thresholding

apparatus comprising

‘means for receiving, from the scanning

'appa:atus, a video signal representing the docnment

image; _
means for genereting'a signal having a value

‘representative of an estimate of the background

density level of the document being scanned;

means for storing the estimated background
1eve1 51gnal

‘means responsive to the estimated background
level signal and the received video signal for
producing an estimate—updating signal when the
received video signal either (1) changes in value in
a directionrassociated with a transition from object

" to background, or (2) makes only & small change in

value in a direction associated with a transition
from beckground,to object, whereby large transitions
from background to object result in substantially no
change in the stored estimated background level
signal; and |

means for assigning all pixels at or above a
predetermined density to one of the object or the
background, and all pixels below the predetermined
density to the other of the object or the background.

5. Ihresholding_apparatus as set forth in
Claim 4, wherein said updating means comprises table
lookup which produces an estimate—updating signal
based on the respective values of the estimated
background level signal and the reCeivedrvideo

- signal in accordance with a predetermined function.

6. Thresholding apparatus as set forth in

Claim 5, further comprising updating means for

summing the estimated background level signal and
the estimate—updating signal.
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| 7. Background referencing apparatus for use
with apparatus for scanning documents having images
with object and background regions,. wherein said
background referencing apparatus (1) receives, from
the séaﬁning apparatus, a video signal representing
the document'image, (2) generates é,signal having a
value representativé of an estimate of the
background density level of the document beiﬁg

' scanned, and (3) further comprises:

means for producing a difference signal
representative of the difference between the
estimated background level signal and the received

video signal;
means for storing the estimated background

level signal; and

means for updating the stored estihated
background level signal in response to (1) said
difference signal being of a first sign associated
with transition from object to background, and (2)
only small difference signals of a second sign
associated with transition from background to
object, whereby large difference signals of said
second sign resulting in substantially no change in
the stored estimated background level signal.

8. Background referencing apparatus as set
forth in Claim 7, wherein said updating means
comprises table lookup which produces an
estimate—updating output signal based on the value
of the difference signal input in accordance with a.
predetermined function.

9. Background referencing apparatus as set
forth in Claim 8, wherein said updating means
comprises an adder for summing the estimated
background level signal and the estimate—updating

signal.
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- 10. Background referencing apparatus as set
forth in Claim 7, wherein said difference signal
producing means comprises a subtractor for '
dete:mining the difference between the video signal
and the estimated backgrbund level signal.

' 11. Thresholding apparatus for use with .
apparatus for scanning documents having imageé,with'

- object and béckgrdund regions, said threShdlding

apparatus comprising:
| meéns for receiving, from the scanning

apparatus; a video signal representing the document
image; '

means for generating 4 signal having a value
representative of an estimate of the background
density level of the document being scanned;

means for producing a difference signal
representative of the differenée between the

, estimated background level signal and the received

video signal;

means for storing the estimated background
level signal; ) S

means for updating the stored estimated
background level signai in response to (1) said
difference signal being of a first sign associated
with transition from object to background, and (2)
only small difference signals of a second sign
associated with transition from background to

- object, whereby large difference signals of said

second sign resulting in substantially no change in
the stored estimated background level ‘signal; and
means for assigning all pixels at or above a
predetermined density to one of the object or the
background, and all pixels below the predetermined
density to the other of the object or the background.

ax
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12. Thresholding apparatus as set forth in
Claim 11, wherein said updating meéns comprises table
lookup which produées an estimate—updating output
signal based on the value of the difference signal

13. Thresholding‘apparatus as set forth in
Claim 12, wherein said updating means comprises an
sdder for summing the estimated background level
signal and the estimate—updating signal.

14. Thresholding apparatus as set forth in
Claim 11, wherein said difference signal producing
means comprises a subtractor for determining the
difference between the video signal and the estimated

bagkground level signal.
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