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(54) Image scanner with compensation for magnification changes

(57) In a process for compensation for real time
changes of magnification in an optics system for an im-
age scanner, targets (120, 122) having high-contrast
edges (202, 206), on two edges of an image to be
scanned, are scanned along with the image. If magnifi-
cation changes, the number of pixels between the tar-
gets may change. The pixels between the targets are
filtered to generate a fixed number of pixels. Photosen-
sor sensitivity compensation values may be separated
into factory compensation values and scanner pre-scan
compensation values. Factory compensation values are
applied before filtering. Differences between factory
compensation values and pre-scan compensation val-
ues are applied after filtering.



EP 0 977 423 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] This invention relates generally to image scan-
ning devices such as copiers. facsimile machines, and
scanners for computers, and more specifically to com-
pensation for real time changes in magnification of an
optical system used by an image scanner.
[0002] Image scanners convert a visible image on a
document or photograph, or an image in a transparent
medium, into an electronic form suitable for copying,
storing or processing by a computer. An image scanner
may be a separate device or an image scanner may be
a part of a copier, part of a facsimile machine. or part of
a multipurpose device. Reflective image scanners typi-
cally have a controlled source of light, and light is re-
flected off the surface of a document, through an optics
system. and onto an array of photosensitive devices.
The photosensitive devices convert received light inten-
sity into an electronic signal. Transparency image scan-
ners pass light through a transparent image, for exam-
ple a photographic positive slide, through an optics sys-
tem, and then onto an array of photosensitive devices.
[0003] In general, there is need for reducing the cost
of an image scanner. One expensive component is the
optics system used to focus a line on a document onto
an array of photosensors. However, some low cost lens
designs are sensitive to environmental changes, partic-
ularly temperature and mechanical movement. In par-
ticular, some low cost plastic lenses are more sensitive
to temperature than more expensive optical glass lens-
es. It is common for an image scanner to include a lamp
that radiates substantial heat. Copiers and multi-pur-
pose devices may also include heaters for fusing toner
onto paper or for drying ink. Before scanning is request-
ed, lamps and heaters may be off or in a low-power
standby condition. During scanning, the internal temper-
ature of the image scanner may change substantially.
In addition, it is common to move the optics system of
a scanner during a scan. With changing temperature,
and mechanical movement, the magnification of an op-
tics system may change slightly during a scan. If mag-
nification changes during a scan, lines or edges, parallel
to the direction of scanning. that are straight in the image
on the document may appear curved in the resulting
scanned image.
[0004] Scanners typically use linear arrays of photo-
sensors. Sensitivity varies from photosensor to photo-
sensor. It is common to calibrate the sensitivity of each
individual photosensor before scanning by scanning a
calibration strip having a uniform reflectance. This cali-
bration also compensates for non-uniform illumination,
and may also compensate for small obstructions or im-
perfections in the optical path, such as dust or a finger-
print on a lens or mirror. Assume. for example, that a
small group of individual photosensors receives light
during pre-scan calibration that is partially obscured by
a dust particle on a lens. If magnification changes, the
group of photosensors affected by the dust particle

changes. An individual photosensor that was properly
calibrated before scanning may be inappropriately cali-
brated after magnification changes. As a result, streaks
may appear in the resulting scanned image.
[0005] The present invention seeks to provide im-
proved scanning.
[0006] According to an aspect of the present invention
there is provided a process for compensating for a
change in magnification in a scanner as specified in
claim 1.
[0007] The preferred embodiment can provide for real
time detection of and compensation for magnification
change.
[0008] In an embodiment, an array of photosensors
includes photosensors that receive light from areas that
are outside the image line being scanned. A magnifica-
tion compensation target, having a straight high-con-
trast or pattern boundary parallel to the direction of scan-
ning, is provided along the edges of the image being
scanned. The magnification compensation target may
be any detectable step in reflectance or intensity, such
as a black edge on a white background, or an opaque
obstruction that blocks light received by the photosen-
sors. Preferably, the system has a predefined number
N where N is the expected number of photosensors re-
ceiving light between the two magnification compensa-
tion targets at a nominal scanning temperature. Alterna-
tively, the number N may be determined during a pre-
scan calibration procedure, or some other time before
scanning. The effective photosensor locations of the
steps in intensity, resulting from scanning the magnifi-
cation compensation targets, are monitored during the
scan. If the photosensor locations of the steps in inten-
sity change, then data from the photosensors is filtered
(decimated/interpolated) to provide a constant number
(N) of pixels.
[0009] Part of the sensitivity compensation data is a
function of individual photosensors and part of the sen-
sitivity compensation data may need to be applied to dif-
ferent photosensors if magnification chances. One ex-
ample solution is to calibrate photosensor array sensi-
tivity before a scanner is assembled and to store the re-
sulting sensitivity compensation data in a non-volatile
memory that stays with the corresponding photosensor
array in the assembled product. Then, the photosensor
array may be calibrated again just before scanning, and
any differences between factory compensation data and
pre-scan compensation data may be applied to the N
pixels that result from digital filtering.
[0010] An embodiment of the present invention is de-
scribed below, by way of example only, with reference
to the accompanying drawings. in which:

Figure 1 is a simplified side view of an embodiment
of scanner with magnification calibration targets

Figure 2 is a simplified top view of the scanner of
figure 1, as viewed just below the platen.
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Figure 3 is a simplified expanded top view of the
lens and sensor array illustrated in figures 1 and 2.

Figure 4 is a block diagram of an embodiment of
signal processing for a system with magnification
compensation.

Figure 5A and 5B are a flow chart of an embodiment
of method of compensation for magnification
change.

[0011] Figure 1 illustrates an example scanner using
a lens system to reduce a line image onto a sensor array.
In figure 1, a scanner includes a transparent platen 100.
A document 102 is placed face down onto the platen
100 for scanning. A lamp 104 illuminates a line 106 on
the face of the document 102. Dashed line 108 depicts
the path of a light ray. Light ray 108 is reflected by three
mirrors (110, 112, and 114) and passes through a lens
system 116 and onto a sensor array 118. The lamp, mir-
rors, lens, and sensor array may be contained in a car-
riage that moves relative to the document being
scanned. The particular configuration depicted in figure
1 is intended to illustrate an example system. The mir-
rors are used in the example system to fold the light path
to make the moving carriage smaller. However, for pur-
poses of the invention, mirrors are not necessary. A re-
flective document scanner is used to illustrate an exam-
ple embodiment. However, the invention is equally ap-
plicable to a scanner for transparent images.
[0012] Also illustrated in figure 1 are magnification
compensation targets 120 and 122 (illustrated separate-
ly in figure 2). Magnification compensation targets 120
and 122 are illustrated underneath the platen 100, but
for purposes of the invention could also be placed on
top of the platen, on top of the carriage. on one of the
mirrors, or could be a separate component anywhere
along the optical path between the scan line 106 and
the sensor array 118. Also illustrated in figure 1 is a pho-
tosensor calibration target 124 used to calibrate the sen-
sitivity of individual photosensors and also to compen-
sate for non-uniform illumination. The location of the
photosensor calibration target may also be different
than the location illustrated in figure 1.
[0013] Figure 2 illustrates a top view of the scanner of
figure 1, as viewed with the document and platen re-
moved. Lens 116 reduces an image having the width of
the scan line 106 to an image having less than the width
of a row of photosensors on the sensor array 118. In
figure 2, two light rays (light ray 200 from edge 202 of
magnification compensation target 120 and light ray 204
from edge 206 of magnification compensation target
122) are folded by the mirrors as depicted in figure 1
and are projected onto the sensor array 118. Light rays
200 and 204 follow the path depicted by line 108 in figure
1. During initial calibration. the scanner controller (not
illustrated) first scans the photosensor calibration target
124. which has a known uniform reflectance. Preferably,

the photosensor calibration target 124 extends beyond
the inner edges of the magnification compensation tar-
gets (120, 122) as illustrated in figure 2. The magnifica-
tion compensation targets have a step in reflectance (for
example, white to black or black to white) parallel to the
direction of scanning, with an accurate fixed spacing be-
tween the targets. This will be discussed in more detail
below. The intensity of a lamp may change during a scan
and it is known for a scanner to have an intensity cali-
bration target along one edge of the platen. One or both
of the magnification compensation targets (120, 122)
may also serve as a lamp intensity calibration target.
[0014] Figure 3 illustrates an expanded top view of the
lens 116 and sensor array 118. Figure 3 depicts a math-
ematical model of a lens, and is not intended to repre-
sent actual ray tracing. In figure 3, the position of the
image formed by the lens 116 is initially at the surface
of the sensor array 118. During scanning, the scanner
controller determines which individual photosensors
correspond to the steps in intensity resulting from the
magnification compensation targets 120 and 122 (fig-
ures 1 and 2). Note that the step in intensity as detected
at the photosensor array may be spread over several
photosensors so that a midpoint or other thresholding
process may be used to define a single photosensor as
corresponding to a target edge. Assume that the indi-
vidual photosensors in photosensor array 118 are se-
quentially numbered. In figure 3, light ray 200, which cor-
responds to one of the steps in intensity, projects onto
photosensor N1. Likewise. light ray 204 projects onto
photosensor N4. Assuming that N4 is greater than
N1+1, the number of photosensors between N1 and N4
is N4-N1-1. That is, there are N4-N1-1 photosensors re-
ceiving information from an image on the document and
all other photosensors are receiving light that is reflected
by the magnification compensation targets or other in-
ternal parts of the scanner.
[0015] Ideally, for the image on the document along
scan line 106. there is a one-to-one correspondence be-
tween native (optical) scanner pixels and photosensor
elements. The image provided by the scanner to other
devices may have an effective resolution that is different
than the resolution corresponding to native (optical) pix-
els. The scanner controller, or a separate computer, may
use digital filtering to reduce the number of pixels per
unit of distance on the image (sometimes called deci-
mation) (for example, to reduce storage and processing
requirements), or the scanner controller or separate
computer may use digital filtering to interpolate between
scanner pixels to increase the number of pixels per unit
of distance on the image. In the invention, digital filtering
may be used to provide a fixed number of scanner pix-
els, and as a result, there may not be a one-to-one cor-
respondence between scanner pixels and photosensor
elements.
[0016] In figure 3, the magnification of the lens 116 is
affected by the radii of the lens, the thickness of the lens,
the index of refraction of the lens, and the position of the
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lens (object distance). All four parameters may change
with temperature and humidity, but the dominant change
is the change in the index of refraction with temperature.
Typically, for glass, the index of refraction increases with
increasing temperature, and for plastic the index of re-
fraction decreases with increasing temperature. In the
simple lens of figure 3, if the index of refraction decreas-
es with increasing temperature, light rays are bent less,
so that light ray 200 is bent as depicted by line 300, and
light ray 204 is bent as depicted by light ray 302. With
increasing temperature. the focal length increases,
causing a larger image to be formed behind the sensor
array, as indicated by line 304. If the photosensor array
could be moved to line 304, the net result would be a
larger image. However, if the photosensor array is sta-
tionary relative to the lens, a smaller out-of-focus image
is formed at the surface of the photosensor array. The
smaller image extends from photosensor N2 to photo-
sensor N3. As a result of increasing temperature. the
number of photosensors detecting light between the
magnification compensation targets has decreased
from (N4-N1-1) to (N3-N2-1). Figure 3 depicts a simple
single lens having a material with an index of refraction
that decreases with temperature. In general, scanner
optics systems have a complex series of elements, with
both converging (positive) and diverging (negative) lens
surfaces, such that the net result for an increase in tem-
perature may be a decrease in magnification or may be
an increase in magnification. When magnification
changes, focal length also changes. However, systems
can be made relatively insensitive to focal length chang-
es (increasing the depth of field) by using small aper-
tures, telocentric elements, or other well known optical
techniques.
[0017] Preferably, the scanner system includes a pre-
determined number N, where N is equal to the expected
number of photosensors receiving light between the
steps in intensity of the magnification compensation tar-
gets at a nominal temperature. For example, N may the
expected value of N4-N1-1. Alternatively. N may be de-
termined during a pre-scan process by setting N =
N4-N1-1 where N4 and N1 are determined before scan-
ning or are determined for the first scanned line of the
document image. In general, if the number of scanner
pixels (pixels illuminated by an image on the scan line
between the magnification compensation targets)
changes, then the scanner electronically filters the scan-
ner pixels to generate an output of exactly N pixels
throughout the scan.
[0018] As discussed above, during initial calibration,
photosensor sensitivity calibration target 124 is used to
calibrate the sensitivity of individual photosensors and
also to compensate for non-uniform illumination. An ex-
ample method of photosensor calibration is disclosed in
U.S. Patent 5,285.293 (Webb et al.), which is incorpo-
rated herein for all that it teaches and discloses. The
photosensor calibration target is designed to have a uni-
form reflectance. The scan line is placed onto the pho-

tosensor calibration target and intensity is measured by
each individual photosensor. The analog outputs of in-
dividual photosensors may vary because of individual
photosensor characteristics, or because the scanner
lamp may provide non-uniform illumination on the pho-
tosensor calibration target, or because dust or other
contamination may partially block light from the lamp. or
because dust or other contamination may partially block
reflected light from the calibration target. An amplifier
gain may be adjusted, or other electronic signal path pa-
rameters may be adjusted, for the signal from each in-
dividual photosensor, so that the scanner provides the
same digital intensity value for light reflected from the
photosensor calibration target for each individual pho-
tosensor, even though actual photosensor outputs vary.
[0019] In Webb et al., digital compensation values are
assigned to individual photosensors. However, if the
light path is partially blocked, for example by dust, and
if scanner pixels are digitally filtered (decimated or in-
terpolated) to generate a different number of output pix-
els, then an undesirable streaking may occur in the final
image. Consider a dust particle, for example on a mirror,
that partially blocks light to a single photosensor number
X during initial calibration. A compensation value is as-
signed to photosensor X so that the analog signal from
photosensor X is appropriately modified. If magnifica-
tion changes, then the dust particle may then block light
to some other photosensor, for example photosensor X
+ 1, and the compensation value assigned to photosen-
sor X, and the compensation value assigned to photo-
sensor X + 1, are both inappropriate. possibly resulting
in a visible anomaly in the resulting image.
[0020] Assume in the above example that photosen-
sor X is inherently more sensitive than photosensor X +
1. This inherent photosensor sensitivity difference does
not change when lens magnification changes. There-
fore, compensation for sensitivity differences needs to
remain associated with individual photosensors. How-
ever, as discussed above, compensation for illumination
differences or light path obstruction may need to be a
function of magnification. One solution is as follows.
Sensitivity compensation for just the photosensor array
may be determined as a factory calibration using a con-
trolled uniform light source and a controlled dust free
environment. These factory compensation values may
then be stored into a non-volatile memory in the scan-
ner. During normal scanner usage, the photosensor cal-
ibration target is used for a pre-scan calibration, and dif-
ferences between factory compensation values and
scanner pre-scan compensation values are separately
recorded. The differences between factory compensa-
tion values and pre-scan compensation values are then
applied to pixel values after digital filtering has generat-
ed N pixels. For each pixel, the overall compensation
comprises the factory compensation value for one pho-
tosensor element combined with compensation differ-
ences applied to an appropriate pixel value after digital
filtering. Note that the word "differences" does not mean
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literal subtraction. Typically, compensation values are
used to electrically modify the gain of an amplifier. The
overall compensation may then comprise modification
of the gains of two amplifiers in series. The first gain
modification compensates for inherent photosensor
sensitivity and the second gain modification compen-
sates for additional nonuniformity in the overall scanner
system.
[0021] Figure 4 is a block diagram of an example sys-
tem. Element 400 is a row of photosensors, for example,
charge-coupled-devices. During factory calibration,
sensitivity compensation values are stored in a non-vol-
atile memory 402, with a one-to-one correspondence
between values in memory 402 and individual photo-
sensor elements in sensor array 400. Electric charges
from the row of photosensors 400 are serially shifted into
an amplifier 404. For each charge, the corresponding
numerical entry in the non-volatile memory 402 is con-
verted to a voltage or current by a digital-to-analog con-
verter 406. and the resulting voltage or current is used
to control the gain of amplifier 404. Sequential analog
outputs from the amplifier 404 are digitized by an ana-
log-to-digital (A/D) converter 408 into numerical values.
[0022] During scanning, the number of outputs corre-
sponding to photosensor elements receiving light be-
tween the edges of the steps in reflectance on the mag-
nification compensation targets is M, where M may be
different than N (the number of pixels between the edg-
es of the magnification compensation targets as deter-
mined during pre-scan). The sequential numerical out-
puts of A/D 408 are reduced (unwanted outputs are dis-
carded) by element 410 to the relevant M outputs. M
outputs from the A/D 408 are digitally filtered (decimat-
ed/interpolated) by digital filter 412 to produce N total
numerical pixel values at the output of filter 412.
[0023] During initial pre-scan calibration within the
scanner, pre-scan magnification compensation values
are determined, and differences between the factory
compensation values and the scanner pre-scan com-
pensation values are stored in memory 416. N compen-
sation difference values are saved in memory 416. If N
is predetermined, and if the number of pre-scan pixels,
corresponding to photosensor elements receiving light
between the edges of the steps in reflectance on the
magnification compensation targets, is different than N.
then the pre-scan compensation pixels must be digitally
filtered to generate N pixels and the compensation dif-
ference values saved in memory 416 are then based on
the N resulting interpolated pixels. If N is a variable de-
termined during pre-scan, then the compensation val-
ues saved in memory 416 are based on the N pre-scan
pixels. The outputs of memory 416 are used to scale the
outputs of filter 412 (depicted for purposes of illustration
by an amplifier 418 but the values being scaled are dig-
ital).
[0024] Figures 5A and 5B illustrate an example meth-
od for compensation for changes in magnification. At
steps 500 and 502. a factory calibration is performed to

determine sensitivity of individual photocells. and facto-
ry compensation values are stored in a non-volatile
memory. At step 504, before scanning. the scanner
scans a uniform reflectance target. If N is predeter-
mined. the pre-scan pixels are filtered to generate N pix-
els before computing scanner calibration values (step
506A). If N is not predetermined, N must be determined
(step 506B) by detecting the steps in intensity in the pixel
data corresponding to steps in reflectance in the mag-
nification compensation targets. Differences between
resulting scanner compensation values and the original
factory compensation values are stored in a memory
(steps 508 and 510). In figure 5B. calibration is complete
and scanning of an image on a document is performed.
For each line scanned (step 512), the pixels are com-
pensated by factory compensation values and the com-
pensated pixels are digitized (step 514). Next, the
number of pixels between the magnification compensa-
tion targets is determined (steps 516, 518). If the
number is different than N (step 520), then the pixels
are filtered (decimated/interpolated) (step 522). With or
without filtering, the compensation differences are ap-
plied to N pixel values (step 524).
[0025] The disclosures in United States patent appli-
cation no. 09/127,776, from which this application
claims priority, and in the abstract accompanying this
application are incorporated herein by reference.

Claims

1. A process for compensating for a change in magni-
fication in a scanner, including:

scanning a line, the line including at least por-
tions of two magnification compensation tar-
gets (120, 122);
determining, within the scanned line, pixels be-
tween boundaries (202, 206) on the magnifica-
tion targets;
determining the number of the pixels between
the boundaries; and digitally filtering the pixels
to result in a predetermined number of pixels.

2. A process as in claim 1, including:

determining a first compensation value for sen-
sitivity of each photosensor element in an array
of photosensor elements (118);
saving the first compensation value for each
photosensor element as part of a pre-scan cal-
ibration process;
computing differences between the first and
second compensation values;
saving the differences in a second memory
(416); and
applying the differences to the predetermined
number of pixels.
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3. A system for compensating for a change in magni-
fication in a scanner. including:

a scanner operable to scan a line, the line in-
cluding at least portions of two magnification
compensation targets (120, 122);
processing means for determining, within the
scanned line, pixels between boundaries (202,
206) on the magnification targets, and for de-
termining the number of the pixels between the
boundaries; and
filter means for digitally filtering the pixels to re-
sult in a predetermined number of pixels.

4. A system as in claim 3, wherein the processing
means is operable:

to determine a first compensation value for sen-
sitivity of each photosensor element in an array
of photosensor elements (118);
to save the first compensation value in a first
memory (402);
to determine a second compensation value for
each photosensor element as part of a pre-
scan calibration process;
to compute differences between the first and
second compensation values;
to save the differences in a second memory
(416); and
to apply the differences to the predetermined
number of pixels.
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