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APPARATUS AND METHOD OF INCREASING 
SCANNER RESOLUTION 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to digital imaging. More 
speci?cally, the invention relates to optical scanners and 
methods of increasing scanner resolution. 

[0002] Scanners are typically advertised as having tWo 
resolutions: a hardWare resolution and an enhanced or 
interpolated resolution. The hardWare resolution provides a 
measure of the imaging ability of the scanner. A typical 
resolution for a loW-end scanner might be 300 dots per inch 

[0003] The hardWare resolution of a scanner is dependent, 
in part, upon quality of the scanner’s sensor array and 
imaging optics. Ideally, the sensor array and optics Would 
image a point source as a point of light. In reality, hoWever, 
the image is smeared. Factors contributing to the smearing 
of the image include the geometry of the sensor’s receptive 
?eld, optical defocus and chromatic aberration effects in 
Which different Wavelengths of light from the single point 
source do not coincide on the sensor array’s surface. Scan 
ners including higher quality sensor arrays and imaging 
optics Will cause less smearing than scanners including 
loWer quality sensor arrays and imaging optics. 

[0004] The enhanced or interpolated resolution, in con 
trast, is more a function of softWare. SoftWare-based tech 
niques such as bilinear interpolation and piXel replication are 
typically used to enhance the hardWare resolution. For 
eXample, a hardWare resolution of 300 dpi might be 
enhanced to a resolution of 4800 dpi. Enhancing or inter 
polating the hardWare resolution alloWs the siZe of the 
scanned image to be enlarged. 

[0005] HoWever, enhancing the hardWare resolution does 
not increase the real detail that is collected by the scanner. 
That is, enhancing the hardWare resolution does not provide 
real information about the image. An eXemplary bilinear 
interpolation algorithm might interpolate a piXel by ?nding 
four neighboring piXels, multiplying color intensities of the 
four neighboring piXels by Weighting coef?cients, and add 
ing the results to obtain the color intensity value of the 
interpolated piXel. Thus, resolution enhancement is merely 
estimated from the information provided by the scanner, it 
does not increase the amount of real information obtained by 
the scanner. 

[0006] HardWare resolution of the scanner may be 
increased by increasing the number of detector elements in 
the sensor array, using higher quality imaging optics, etc. 
For instance, the density of detector elements could be 
increased from 300 dpi to 600 dpi, or aspherical imaging 
lenses could be used instead of spherical imaging lenses. 

[0007] HoWever, increasing the number of detector ele 
ments and improving the quality of the imaging optics Will 
substantially increase the cost of manufacturing the scanner. 
The market for scanners is ?ercely competitive. Increasing 
hardWare resolution by increasing the density of detector 
elements or improving the quality of the optics is something 
that manufacturers of loW-end scanners cannot afford. 

[0008] There is a need to increase the hardWare resolution 
of a scanner Without substantially increasing the cost of 
manufacturing the scanner. 
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SUMMARY Of THE INVENTION 

[0009] The present invention offers an approach for 
increasing scanner resolution Without substantially increas 
ing the cost of manufacture. A ?rst representation of an 
image is generated during a ?rst scan of the image is 
performed, and a second representation of the image is 
generated during a second scan of the image. A motion error 
is intentionally induced in one of the scans. Using a super 
resolution technique, the ?rst and second representations are 
processed to generate a third representation of the image. 
The third representation of the image has a higher resolution 
than either then ?rst representation or the second represen 
tation. 

[0010] Other aspects and advantages of the present inven 
tion Will become apparent from the folloWing detailed 
description, taken in conjunction With the accompanying 
draWings, illustrating by Way of eXample the principles of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 
scanner; 

FIG. 1 is an illustration of an imaging model of a 

[0012] FIG. 1a is an illustration of tWo loW-resolution 
representations of an image and a composite representation 
formed from the tWo loW resolution representations; 

[0013] FIG. 2 is an illustration of a scanner according to 
the present invention; 

[0014] 
scanner; 

FIG. 2a is an illustration of a sensor array of the 

[0015] FIG. 3 is an illustration of light rays passing 
through a de?ection plate of the scanner; 

[0016] FIGS. 4 and 5 illustrate a method of generating a 
high resolution representation from tWo loWer resolution 
representations; and 

[0017] FIG. 6 is a ?oWchart of a method of performing a 
scanning operation according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] As shoWn in the draWings for purposes of illustra 
tion, the present invention is embodied in an optical scanner. 
The invention improves the hardWare resolution of the 
scanner Without increasing the number of sensors in the 
sensor array or Without increasing the quality of the imaging 
optics. Instead, the hardWare resolution is improved by 
performing multiple scans of an image and using a super 
resolution technique to process outputs of the multiple scans 
into a high-resolution image. Thus, the invention offers a 
loW cost approach for increasing hardWare resolution of a 
scanner. 

[0019] The scanner according to the present invention Will 
be described beloW in connection With FIGS. 2 to 6. First, 
hoWever, the general principle behind generating a high 
resolution image from tWo or more loW-resolution images 
Will be described. 

[0020] Referring to FIGS. 1 and 1a, a scanner performs 
?rst and second scans of a continuous-domain image f(X,y,t) 
to produce ?rst and second representations R1 and R2 of the 
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image f(x,y,t). The ?rst tWo variables X and y of the 
continuous-domain image f represent space, and the third 
variable t represents time. In each scan, blurring (modeled 
by a ?rst block 202) of the continuous image f(x,y,t) occurs 
due to optical lens blurring, sensor integration area blurring, 
etc. There is also a motion error or Warping intentionally 
induced betWeen successive scans of the continuous (mod 
eled by a second block 204). The continuous-domain image 
f(x,y,t) is sampled to produce a loW-resolution digital image 
g(m1, m2, k) Where k is a scan index (modeled by a third 
block 206). Thus, the ?rst representation R1 includes a ?rst 
sequence of sample values, and the second representation 
R2 includes a second sequence of sample values. The image 
is intentionally shifted relative to the scanner during the 
second scan to create the motion error. Consequently, the 
?rst value g(1,1,1) in the ?rst representation R1 corresponds 
to a different part of the image than the ?rst value g(1,1,2) 
in the second representation R2. Thus, each scan yields 
different information about the image. 

[0021] The sample values of the ?rst and second image 
representations R1 and R2 are combined into a more densely 
sampled, composite representation R3. A high-resolution 
representation R4 of the continuous-domain image f(x,y,t) 
can then be obtained from composite image R3. 

[0022] A super resolution technique can then be used to 
generate the high-resolution representation R4 of the image 
from the composite representation R3. In the frequency 
domain, the relationship of the composite representation R3 
to a continuous high-resolution representation R4 might be 
as folloWs: 

[0023] Where D is the doWnsampling; W is the intentional 
shift or motion Warp, PSF is the Point Spread Function of the 
scanner (Which takes into account sensor integration blur, 
optical lens blur, etc.), and the operator “*” represents a 
convolution operation. There may be a single PSF corre 
sponding to the scanner, a PSF corresponding to each 
detector element in the scanner, etc. 

[0024] Given the Point Spread Function of the scanner and 
the amount of intentionally induced motion error, the com 
posite representation R3 can be deconvolved into the high 
resolution representation R4. In this manner, the scanner can 
generate a higher resolution representation R4 of the image 
from loWer resolution representations R1 and R2. Thus, 
hardWare resolution of the scanner can be improved Without 
increasing the cost of the scanner’s sensor array or imaging 
optics. 

[0025] Reference is noW made to FIG. 2, Which shoWs a 
?atbed scanner 10 according to the present invention. The 
?atbed scanner 10 includes a scan head 12, a dc motor drive 
assembly 14,an electronics assembly 16, a glass pane 18 and 
a housing (not shoWn). The glass pane 18 and the housing 
form an enclosure inside Which the scan head 12, the motor 
drive assembly 14 and the electronics assembly 16 are 
mounted. The glass plane 18 also de?nes a scanning plane. 

[0026] The dc motor drive assembly 14 includes a pair of 
slider rods 20 for guiding the scan head 12 in a linear 
direction along the glass pane 18, and a dc motor 22 and 
transmission for moving the scan head 12 along the slider 
rods 20. The dc motor 22 can be a brush or brushless dc 
motor. The transmission is typical to ?atbed scanners: a 
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motor shaft 24 turns a Worm gear 26, Which drives a gear 28, 
Which turns a timing belt 30. The timing belt 30 moves the 
scan head 12 in a ?rst, scanning direction, Which is indicated 
by an arroW D. The sensor array 34 moves With the scan 
head 12 in the scanning direction D. 

[0027] Referring additionally to FIG. 2a, the scan head 12 
includes imaging optics 32 and a sensor array 34. The sensor 
array 34 might be a CCD array having a resolution of 300 
dpi. The CCD array of the scan head 12 might include three 
color sensors at each pixel location or CCD cell. The cells 
extend in a second direction indicated by the arroW A. A 
linear response of the sensor array 34 is preferred but not 
required. 
[0028] The scan head 12 further includes a device that 
induces intentional motion error betWeen successive scans. 
The motion error may be a global translational or af?ne 
motion betWeen the successive scans. 

[0029] A number of different approaches may be used to 
induce the motion error. One such approach is shoWn in 
FIGS. 2 and 3. A light-transmissible plate 36 is placed in an 
optical path betWeen the sensor array 34. The plate 36 is 
movable betWeen a ?rst position a second position. During 
a ?rst scan, the plate 36 is moved to the ?rst position by a 
second motor 38 and linkage 40. Light re?ected at the 
scanning plane is transmitted by the plate 36 Without chang 
ing the direction of the beam light (i.e., the light is normal 
to the light-receiving surface of the plate 36), and the 
transmitted light impinges a light-receiving surface of the 
sensor array 34. The path of the light transmitted by the plate 
36 during the ?rst scan is indicated by the solid line P0. 
During a second scan, the plate 36 is moved or tilted to the 
second position. When moved to the second position, the 
plate 36 changes the direction of the light path, as indicated 
by the dashed line P1. Thus, the sensor array 34“sees” 
different images during the ?rst and second scans. The plate 
36 may be moved to produce a motion error A betWeen 
fractional values of 0.35 and 0.65 pixels (e.g., 0.40 pixels, 
1.40 pixels). A motion error A of 0.5 pixels Would improve 
resolution by a factor of tWo. 

[0030] The plate 36 may be made of an optical quality 
glass. The material for the plate 36 is homogenous such that 
direction changes are relatively uniform across the plate 36. 
It Would be undesirable for the beam P0 to be de?ected by 
one degree at one portion of the plate 36 and by tWo degrees 
at another portion of the plate 36. Dimensions of the plate 36 
could include, for example, a thickness of one millimeter, a 
length of one or tWo centimeters, and a Width of one 
centimeter. 

[0031] The electronics assembly 16 includes a controller 
42 for controlling the operation of the scanner 10. Among its 
functions, the controller 42 controls the dc motor 22 to move 
the scan head 12 along the slider rods 20, and the controller 
42 controls the second motor 38 and linkage 40 to move the 
plate 36 betWeen the ?rst and second positions. The con 
troller 42 can control the second motor 38 and linkage 40 to 
cause a precise motion error. In the alternative, the motion 
error need not be controlled precisely. Instead, the plate 36 
may be moved cause an approximate subpixel error, and the 
precise motion error A could be determined by a motion 
estimation algorithm in softWare (e.g., a host computer) or 
hardWare (e.g., the controller 42). 
[0032] To scan a sheet S of paper, the sheet S is positioned 
atop the glass pane 18, and a host (e.g., a personal computer) 
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commands the electronics assembly 16 to scan the sheet S. 
Under control of the controller 42, the second motor 38 and 
linkage 40 move the plate 36 to the ?rst position, and the dc 
motor drive assembly 14 moves the scan head 12 along the 
slider rods 20 to an initial position (e.g., a Wall) and then 
starts moving the scan head 12 along the slider rods 20. A 
?uorescent bulb 48 in the scan head 12 is turned on to 

illuminate a portion of the sheet S With White light, and the 
imaging optics 32 focuses an image of the illuminated 
portion onto the sensor array 34. The sensor array 34 is 

exposed to, and integrates, a line of pixels at a time, and the 
electronics assembly 16 processes signals generated by the 
sensor array 34 and buffers a ?rst representation of the 
scanned image in memory 44. 

[0033] After the ?rst scan is completed, the controller 42 
commands the dc motor assembly 14 to return the scan head 
12 to the initial position, and the controller 42 commands the 
second motor 38 and linkage 40 to move the plate 36 to the 
second position. After the plate 36 has been moved to the 
second position, a second scan is performed. During the 
second scan, the plate 36 changes the direction of the light 
re?ected by the sheet S and thereby causes the sensor array 
34 to see a different image of the sheet S. A second 
representation of the scanned image is buffered in the 
memory 44. 

[0034] After the second scan has been completed, the ?rst 
and second representations are processed into a higher 
resolution representation. Processing can be performed by 
an on-board processor 46. In the alternative, the loW 
resolution representations may be sent to the host, Which 
Would generate the high-resolution image. FIG. 2 happens 
to shoW a scanner 10 that performs the processing. 

[0035] The memory 44 also stores the Point Spread Func 
tion of the scanner 10 and a program that instructs the 

processor 46 to generate the composite representation from 
the tWo loW resolution representations, and use the Point 
Spread Function and a super resolution algorithm to process 
the composite representation into the high resolution repre 
sentation. The high-resolution representation is then sent to 
the host. 

[0036] There are a number of different super resolution 
algorithms that could be used to generate the high-resolution 
representation. Exemplary super resolution algorithms 
include the Projections onto Convex Sets-based algorithm 
(“POCS”); and the Maximum A-posteriori Probability esti 
mation based algorithm (“MAP”). 

[0037] A faster algorithm that uses linear ?ltering is illus 
trated in FIGS. 4 and 5. FIG. 4 shoWs that the composite 
representation R3 is formed by interleaving the tWo loW 
resolution representations R1 and R2. For example, a 600x 
600 dpi composite image could be formed from tWo loW 
resolution 300x600 dpi images. 

[0038] FIG. 5 shoWs that the composite representation R3 
is then convolved With an N><M ?lter support FS as folloWs 

to produce the high-resolution representation R4: 
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[0039] Where f(n1, n2) is a pixel in the high-resolution 
representation R4; s(n1+i, n2+j) is a pixel in the composite 
representation R3, and W(i,j) is a Weighting coefficient. 

[0040] The Weighting coefficients W may be determined 
by the algorithm disclosed in US. Ser. No. ?led on 

(Attorney Docket No. 10960578-1), assigned to the 
assignee of the present invention, and incorporated herein by 
reference. 

[0041] The Weighting coef?cients W could instead be 
determined via a POCS technique or a frequency domain 
technique. Such techniques are disclosed in T. S. Huang and 
R. Y. Tsui, “Multiple frame image restoration and registra 
tion,”Advances in Computer Vision and Image Processing, 
vol. 1, 1984, pp. 317-39; R. R. SchultZ and R. L. Stevenson, 
“Improved de?nition video frame enhancement”IEEE Int. 
Conference on Acoustics, Speech and Signal Processing, 
vol. IV, May 1995, pp. 2169-2172; and A. M. Tekalp, M. K. 
OZkan and M. I. SeZan, “High resolution image reconstruc 
tion from loWer resolution image sequences and space 
varying image restoration,”IEEE Int. Conference on Acous 
tics, Speech and Signal Processing, vol. III, March 1992, pp. 
169-172 

[0042] The Point Spread Function of the scanner can be 
measured directly. For example, interferometrically gener 
ated sinusoidal imaging targets could measure the Point 
Spread Function. See, for example, J. Grievenkamp and A. 
LoWman, “Modulation transfer function measurement of 
sparse-array sensors using a self-calibrating fringe pattern, 
”Appliea' Optics, Vol. 33, No. 22, pp. 5029-36, August 1994; 
and S. Johansson et al., “Experimental MTF measurements 
of CCD using an interferometrically generated test pattern, 
”Journal of Imaging Science, Vol. 35, No. 5, pp 320-25, 
September-October 1991. 

[0043] In the alternative, the Point Spread Function could 
be estimated from Line Spread Functions (“LSF”) of the 
sensor array 34. Estimating the PSF from the LSF can be 
done in any number of Ways. See, for example, A. BeWsher 
and 1. Powell, “Optical transfer function measurement facil 
ity for aerial survey cameras,”Appliea' Optics, Vol. 33, No. 
28, pp. 6573-77, October 1994. 

[0044] The Line Spread Function possesses a useful num 
ber of properties from a measurement standpoint. Fine lines 
on an image target can closely approximate an impulsive 
line, While providing suf?cient illumination to achieve 
meaningful sensor responses. The Line Response Function 
is a one-dimensional function; therefore, accurate, densely 
sampled Line Response Function measurements Would 
appear to be much more feasible from a single exposure to 
some appropriate imaging target. Additionally, the simple 
geometry of a linear stimulus could be exploited to recover 
precise relative displacements betWeen the line and the 
sensor array 34. 

[0045] FIG. 6 shoWs a generaliZed method of using a 
scanner to generate a high-resolution representation of an 
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image. A ?rst scan of the image is performed to produce a 
?rst representation of the image (block 102). 
[0046] The scanner is then con?gured to cause a motion 
error in neXt scan (block 104). The motion error could be 
induced by moving the plate 36. Instead of using the plate 
36 to induce motion error betWeen the ?rst and second 
representations, the motion error could be induced by off 
setting the initial position of the scan. For example, the ?rst 
scan could be started at the Wall, and the second scan could 
be started at a distance of, say, 0.5 piXels from the Wall. 

[0047] After the scanner has been con?gured to cause a 
motion error, a second scan of the image is performed to 
produce a second representation of the image (block 106). A 
motion error eXists betWeen the ?rst and second represen 
tations. 

[0048] Acomposite representation is then formed from the 
?rst and second representations of the image (block 108). A 
super resolution technique is then used to generate a high 
resolution representation of the image from the composite 
representation (block 110). For eXample, a linear ?ltering 
method may be used to generate the high-resolution image 
from the composite representation. 
[0049] Thus disclosed is an invention that increases hard 
Ware resolution of a scanner Without increasing the quality 
of the sensor array or imaging optics of the scanner. The 
addition of the plate 36 and second motor 38 and linkage 40 
adds little to the cost of manufacturing the scanner 10. If the 
initial position of the scan head 12 can be controlled to 
induce the motion error, the plate 36 and motor 38 and 
linkage 40 Would not be needed, and the higher resolution 
could be obtained Without an additional increase in the cost 
of hardWare. 

[0050] The present invention is not limited to the speci?c 
embodiments described and illustrated above. For eXample, 
the present invention is not limited to a particular super 
resolution algorithm. Other algorithms that process the 
composite representation into a high-resolution representa 
tion could be used. 

[0051] The composite representation could be formed 
from more then tWo loW-resolution representations. Step 
siZe of the ?rst motor 22 Would be adjusted to achieve the 
proper motion error in the scanning direction D for each 
scan. Step siZe of the second motor 38 Would be adjusted to 
achieve the proper motion error in the second direction A, 
Additional representations having additional motion error 
Would increase the density of the composite representation 
and thereby increase the resolution of high-resolution rep 
resentation in the scanning direction D. 

[0052] The motion error may be non-translational. If a 
non-translational motion error is intentionally induced, a 
super resolution algorithm based on POCS could be used. 
Moreover, the motion error may be induced in both direc 
tions A and D or only in a single direction A or D. For 
eXample, the plate 36 may be used to induce motion error in 
the scanning and second directions D and A; or the plate 36 
may be used to induce motion error in the second direction 
A and the dc motor drive assembly 14 may be used to induce 
motion error in the scanning direction D; or the plate 36 may 
be used to induce motion error only in the scanning direction 
D or only in the second direction A; or the dc motor drive 
assembly 14 may be used to induce motion error only in the 
scanning direction D. 
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[0053] The processing could be performed on-board the 
scanner 10. In the alternative, the processing could be 
performed off-board the scanner by an external device such 
as the host computer. 

[0054] The location of the plate 36 is not limited to the 
optical path betWeen the glass pane 18 and the sensor array 
34. The plate 36 could be placed along the optical path 
betWeen the light source 48 and the glass pane 18. 

[0055] Instead of using the plate 36 to induce the motion 
error betWeen the ?rst and second representations, the 
motion error could be induced by offsetting the initial 
position of the scan. Optical elements other than a ?at, 
transmissive plate 36 could be used. Optical elements such 
as prisms or diffraction gratings could be used instead. 

[0056] Therefore, the invention is not limited to the spe 
ci?c embodiments described and illustrated above. Instead, 
the invention is construed according to the claims that 
folloW. 

What is claimed is: 
1. Amethod of scanning an image, the method comprising 

the steps of: 

performing a ?rst scan of the image to produce a ?rst 
representation of the image; 

performing a second scan of the image to produce a 
second representation of the image, a motion error 
having been intentionally induced betWeen the ?rst and 
second representations; and 

using a super resolution technique to generate a third 
representation of the image from the ?rst and second 
representations of the image, the third representation 
having a higher resolution than the ?rst and second 
representations. 

2. The method of claim 1, Wherein a scanner is used to 
perform the ?rst and second scans, the scanner having a 
knoWn optical transfer function, and Wherein the step of 
using the super resolution method to generate the third 
representation includes the steps of: 

forming a composite representation from the ?rst and 
second representations; and 

using the optical transfer function and the amount of the 
motion error to generate the third representation from 
the composite representation. 

3. The method of claim 2, Wherein the optical transfer 
function is an estimate of a Point Spread Function of the 
scanner, the estimate being based on Line Spread Functions 
of the scanner. 

4. The method of claim 1, further comprising the step of 
con?guring the scanner to shift the second scans to cause the 
motion error, the scanner being con?gured betWeen the ?rst 
and second scans. 

5. The method of claim 4, Wherein the scanner includes a 
sensor array and a light source, and Wherein the scanner is 
con?gured by changing an optical path betWeen the light 
source and the sensor array. 

6. The method of claim 4, Wherein the scanner is con?g 
ured by starting the second scan at a different initial position 
than the ?rst scan. 

7. The method of claim 1, Wherein the motion error is a 
subpiXel displacement. 
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8. The method of claim 7, wherein the motion error is 
between fractional values of 0.35 and 0.65 pixels. 

9. The method of claim 1, further comprising the step of 
taking at least one additional scan of the image produce at 
least one additional representation of the image, a motion 
error having been intentionally induced in each additional 
scan, each additional representation being used to generate 
the third representation of the image. 

10. The method of claim 1, Wherein the super resolution 
algorithm includes one-pass linear ?ltering of the ?rst and 
second representations. 

11. The method of claim 10, Wherein the third represen 
tation is generated from the ?rst and second representations 
by performing the steps of: 

interleaving the ?rst and second representations into a 
composite representation; and 

convolving the composite representation With an N><M 
?lter to produce the high-resolution representation. 

12. A scanning system comprising: 

a sensor array movable along a scanning plane; 

means for selectively inducing a motion error in a repre 
sentation produced by the sensor array; and 

a processor for generating a composite representation 
from a ?rst representation having a motion error and a 
second representation not having the motion error, the 
processor using a super-resolution algorithm to gener 
ate a high resolution image from composite represen 
tation. 

13. The system of claim 12, Wherein the scanning system 
has a knoWn optical transfer function, Wherein the optical 
transfer function is an estimate of a Point Spread Function 
of the scanner, the estimate being based on Line Spread 
Functions of the scanner, and Wherein the amount of the 
motion error and the estimate of the Point Spread Function 
are used to generate the high resolution representation from 
the composite representation. 

14. The system of claim 12, Wherein the scanner includes 
a sensor array and a light source, and Wherein means 
includes at least one optical element moveable to change an 
optical path betWeen the light source and the sensor array. 

15. The system of claim 12, Wherein the scanner further 
comprises a light source, a ?rst optical light path being 
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betWeen the light source and the scanning plane, a second 
optical path being betWeen the scanning plane and the sensor 
array, and Wherein the means includes an optical element 
disposed along one of the ?rst and second optical paths, the 
optical element being operable to cause a change of the 
second optical path relative to the sensor array and thereby 
induce a subpiXel motion error in a representation generated 
by the scanner during a scanning operation. 

16. The system of claim 15, Wherein the processor gen 
erates the high resolution representation by interleaving the 
?rst and second representations into a composite represen 
tation; and convolving the composite representation With an 
N><M ?lter to produce the high resolution representation. 

17. A scanner comprising: 

a sensor array movable along a scanning plane; 

a light source for generating a scanning beam during a 
scanning operation, the scanning beam folloWing a ?rst 
optical path betWeen the light source and the scanning 
plane; 

imaging optics disposed along a second optical path 
betWeen the scanning plane and the sensor array; and 

an optical element disposed along one of the ?rst and 
second optical paths, the optical element being oper 
able to cause a change of the second optical path 
relative to the sensor array and thereby induce a sub 
piXel motion error in a representation generated by the 
scanner during a scanning operation. 

18. The scanner of claim 17 Wherein the optical element 
includes a beam-transmissive plate; and Wherein the scanner 
further includes an electromechanical actuator for moving 
the plate to change the second optical path. 

19. The scanner of claim 17, further comprising a pro 
cessor for generating a composite representation from the 
?rst and second representations and using a super-resolution 
algorithm to generate a high resolution representation from 
the composite representation. 

20. The scanner of claim 19, Wherein the processor 
generates the high-resolution representation by interleaving 
the ?rst and second representations into a composite repre 
sentation; and convolving the composite representation With 
an N><M ?lter to produce the high resolution representation. 

* * * * * 


