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1 ! e iimcac +et-d The present—~Avent+en——
rel at es general ly to deV| ces and net hods for form ng scanned el ectronic

i mges of orjiginals and nore particularly to scanni ng devi ces Z‘Qd ods
that permt .‘."3&5 @57 uction of inmages fromimage swaths obt ai¥fe

i mge 10 capture. Background Art Scanners faqr electronically formng an

i mge of an original are known. Typically, 15 the captured inmage provi ded
by. a scanner is a pixel data. array that is stored in nmenory in a digital
format. A distortion-free image requires a faithful mapping of the original
I mage to the pixel data array. Scanners typically include at |east one
means for inposing a mechanical constraint during the inage capture process

in order to maxim ze the |i IRAGESCANNING DEVICEBORD METHODE four types

of scanners known in the art are drum 20 scanners, flatbed scanners,

t wo- di nensi onal array scanners and hand scanners. Drum scanners attach the
original to fhdeshnidah®eeldf a cylindrical drumthat rotates at a
substantially fixed velocity. During the rotation of the drum an image
sensor is noved in a direction parallel to the rotational axis of the drum

The conbination of tRae Pre$enl, inyeation, relales, gensraliynto devigrs and, ssthods, fox Ing
rotati on of thecamhed ieleatromie mhgesdamOnguhbls\mdtmmZﬁrmnéﬂyemwmgldarmmnd
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nmeasuri ng tH &ﬂ!ﬂ!\'ear position of the drumand the transl ational position
of the sensor. The position of the pixel data array with respect to the

original is fi%&@!{% as the original is properly attached to the drum
the drumrotati erly controlled, and the sensor is _
. Scanners for electronically forming an image of an original are known. Typically,
1S the captured image provided by a scanner is a pixel data array that is stored in° memory
in a digital format. ‘A distortion-free image requires a faithful mapping of the original
image to the pixel data array. Scanners typically include at least one means for imposing
a mechanical constraint during the image capture process in order to maximize the
likelihood of faithful mapping.  The four types of scanners known in the artare drum
20 scanners, flatbed scanners, two-dimensional array scanners and hand scanners. Drum
scanners attach the original to the surface of a cylindrical drum that rotates at a
substantially fixed velocity. During the rotation of the drum, an image sensor is moved
in a direction parallel to the rotational axis of the drum. The combination of the linear
displacement of the image sensor and the rotation of the original on the drum allows the
25 entire original to be scanned. At any moment during the imaging process, the current
position within the pixel data array relative to the original can be determined by measuring
- the angular position of the drum and the translational position of the sensor. The position
of the pixel data array with respect to the original is fixed as long as the original is
properly attached to the drum, the drum rotation is properly controlled, and the sensor is
30 properly controlled in its displacement along the linear path.

Flatbed scanners include a linear array sensor that is moved relative to the original
along an axis that is perpendicular to the axis of the array. Thus, the position of the
sensor in one dimension may be known by tracking the relative movement of the sensor.

35 The position of the sensor in the perpendicular direction is implicitly fixed by addressing
a particular array element at which intensity is to be measured. In one embodiment of the
flatbed scanner, the original is placed on a transparent platen and the sensor, along with
an image illumination source, is placed on a side of the platen opposite to the original.



30 properly controlled in its displacenent along the linear path. Flatbed
scanners include a |linear array sensor—that is noved-+elative to the—
original along an axis that is perpendicular to the axis of the array.

Thus, the position of the sensor in one dinension my be known by tracking
the rel ati veW@@6R™Sht of the sensor. 35 The position of thePSEEBIOR  he
perpendi cular direction is inplicitly fixed by addressing a particul ar aray
el ement at which intensity is to be neasuredl. In one enbodi ment of the

fl at bed scanner, the original is placed on a transparent platen and the
sensor, along with an image illumnation source, is placed on a side of the
pl at en opposi tAs lopg @ thepriginal 45 not moned gelativewrthe platen, the pixel data array will be
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| mage- capture process. Advantages of the drum and fl atbed scanners include
the ability to accommpdate docunents at |east as large as A4, or 8.5 x 11"
paper. Moreover, sohdvagfageshefsibe sicumand dlathed stzaneris dnoliderthe abilityitocacsomgiodate
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Two-dimensional array scanners may be used in the absence of mechanical

encoding constraints, and require only that the array and the original be held motionless

15 during an exposure period.. A two-dimensional array of photosensitive elements directly

- accomplishes the mapping of the image of the original into a pixel data array. However,

because a single 300 dpi mapping of an 8.5" x 11" original requires an image sensor

having an array of 2500 x 3300 elements, i.e. 8.25 million pixels, these scanners are
cost-prohibitive in most applications.

Conventional hand scanners require a user to move a linear array of electrooptical
sensor elements over an original. The movement is by hand manipulation. Array-position
~ information is determined using methods such as those employed in operation of a
computer "mouse.” As a linear sensor array is moved, the rotation of wheels, balis or
25 rollers that are in contact with the original is sensed, and the position information is
determined from the mechanical details of the rotation. In general, the surface of the
mechanical element in contact with the original has a high coefficient of friction, e.g.
rubber, so as to resist slip and skid. A cylindrical roller or two wheels connected by a
rigid axle may be used to enforce a single translational degree of freedom during the
30 scanning process. A straight-edge or other fixture is often used to fix the scan direction
with respect to the original and to further enforce the translational constraint provided by
the pair of wheels or the roller. Nevertheless, the position encoder approach is one that
is often susceptible to slips and skips, so that the pixel data array loses its correspondence
with the image on the original. '
35
Hand scanners are typically connected directly to a separate computer for image
data storage, processing, and use. Data rates from the image sensor tend to limit the
scanning speed. The scanners provide feedback to the user, typically by means of green



15 during an exposure per| od. A two- d| rren5| onal array of photosensitive
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|nto a p| er data arny However because a si ngl e 300 dpi mappi ng of an
8.5" x 11" orlglnal requires an i mage sensor having an array of 2500 x 3300
elenents, i.¥O%23¥7ni||jon pixels, these scanners are cost-HroeER#%e in
nost - appl i catlons 20 Conventional hand scapners require a user to nove a

| i near array of el ectrooptical -sensor el enments over an original. The
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means of greenln the absence of a ture, there is a tendency to impose some rotauon as the hand
scanner is moved across an original. If the user’s elbow is resting on.a flat surface during
15 movement of the scanner, the rotation is likely to have a radius defined by the distance
between the scanner and the user’s elbow. As a consequence, the scanned electronic
image will be distorted. Other curvilinear movements during a swath of the scanner will
also create distortions. Techniques for stitching image swaths are known in the scanning
art. These techniques typically require a pair of complete image swaths and produce a
20 single, global transformation which brings the two swaths into registration.

The present invention aims to provide a scanning device and method that produces
a composite reproduction of an image from scanned parts of an original image with a high
degree of correspondence between the original image and the reproduced image.
25

Summary of the Invention

According to the present invention we provide a method of reconstructing an image from

30 scanned parts of an original image obtained by relative movement between a scanning
device and the original image so that adjacent scanned image swaths overlap, the scanning
device comprising navigation means for determining the position of the scanning device
relative to the original image, the method comprising:

35 utilising the image data obtained from the overlapping portions of adjacent swaths in order
to derive successive estimates of navigational error;

and using the error estimates continually to correct naviga_tion errors during reconstruction
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3 or red light emtting diodes-to maintain the-appropriate speed-for the
desired image resolution. Some hand scanners use el ectronmagnetic brakes to
prevent the user from draggi ng the scanner over the inmage too rapidly, wth
t he meghani ¥®967232%7st ance i ncreasing with increases in scanffigs . Hand
scanners utilize relatively small imaging arrays and generally cannot
handl e | arger than A6 docu nents in a singl® pass. This requires stitching
algorithns to join together multiple swaths of a | arger docunent. Swath
stitching may be done in a separate operation by a separate conputer
Scanni ng a nul @fithg #MeeHusi ness docurment or report 10 with a hand scanner is
a tedious process that often yields lowquality results. As previously

noted, sone type,of fixture is. l.caklyv.used with a hand scanner. In the
absence of a fﬁ&?‘ﬁr‘&‘ ’i(th'ép%sf@ ‘éﬁbﬂ@é’h‘%’?‘? 5 Ficanon GhSupPHTRYS %oragsnmgs
hand scanner i which\aeei theprappliechto imprgive abe quality lof thesimage beingoveconstmucted.i Bhison
ﬁ flat sug!‘es:e%dif&&wgwigﬁ t?ﬁVﬁg&n?noipﬁﬁﬁgsﬁ@ﬂﬁt?kd dtove "l %&&ntaLﬁnbbkgbuuto
ave a radius defpned.by. t he di.stange ween the.scanner .an e _user
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Ot her curvi | i ninsentiop\hasithet advantagenof permitting mdre tabeurate stitching\aflimage swaths tane

di stortions. Tﬁ?d%ﬁi%?&cﬁ@beéidsé%a?ﬁcds?@ﬂﬁav?ﬁbﬁ'%ﬂ@fs? known in the
scanning art. These fechniques typically require a pair of conplete inage

swat hs and produce a 20 single, global transformation which brings the two

swat hs i nt 010 eThesimageidata. ob%iimedfram dire overlapping portions'af ddjacpatawiaths can be asadiing

device and met gl dnb dhyin &G@%ﬁﬁé&ﬁa production of an inmage from
Y ' a hig

scanned parts of an orfginal inmage wt " degree of correspondence
between the original imge and the reproduced inmage.

Local correlations may be performed in either the spatial or frequency domains and be
_ based upon either the inherent image structure or some derived, eg. filtered, version.
.15 Alternatively, a set of structural "edge” or "corner” elements. may be obtained, by known
means, and used in conjunction with a known matching algorithm to obtain a set of
corresponding locations, a comparison of which provides an estimate of error. It is also
possible to pose the problem as one of local parametric optimisation in which the

parameters of a local mode! (say affine) are chosen so as best to describe the mapping
20 between versions.

In the embodiments to be described, the method comprises:

identifying registration features in a first swath in an expected area of overlap with the next
25 swath to be collected;

comparing the positions of the rcgistration features with the position of their reproductions
in the next swath using navigation data received during scanning; ‘

30 using these comparisons to derive the error estimates.

In one of the embodiments to be described, the method comprises:

deriving the error estimates by comparing the position of the registration features in the
35 first swath with the positions in the reconstructed image of their reproductions in the next

swath;

and using the error estimates to correct for navigation errors in parts of the image



25 Sunnary of t he Inventlon Accordlng to the present I nvention we provide a

. =G 22 — e -t-s-of an—er+grhret————
|nage obtalned by relatlve anenent betmeen a scanni ng device and the
original imge so that adjacent scanned i mage swat hs overl a the scanni ng
device.conpdﬁ?’ﬂﬁ"ﬁbV|gatlon means for deternining the p05|BF3
scanni ng device relative to the original inage, the nethod conpr|5|ng. 35
utilising the i mage data obtai ned frontthesoverlapping portions of adjacent
swat hs in order to derive successive estimtes of navigational error; and
using the error estimates continually to correct navigation errors durlng
reconst r uct i ofubsequgpsly) being yecpnstructed.

PCT/ GB96/ 00492 4 of the image. In this way, the present invention i nvoI ves

the cal cul ati r |
i nprove the qgg %ﬁéj—?ﬁﬁﬁﬁpﬁoﬁﬁ %olrgﬁ%lrl&egggn %cct%prﬁ@é@ﬁl s%@pﬁ%r ast W|th
the prior art P&ﬁi)P therimage b F@EMB@F&" FhigAnproagh sam yield goosh Esults as long as
t r ansf or mat §omavigatisheddirdr® aly not Jod tirge; Tis dppR@ch MayiBesimiplintenteddyst r at i on.
The. net hod of the i nventi on has the advant age of permtting nore accurate
stitching of image swaths than known approaches because it corrects for
navi gat i on er temporarily swring infoymation relating 40 thedregistration featwpesr idensifiedgn e fir$ns
of adj acent swahbths can be used in different ways in order to derive error
estimates. Local correlations may be perforned in either the spatial or
frequency domai ns and be

10 mapping the next swath into the reconstructed image;

comparing the stored information with information relating to the reproductions in the
reconstructed image of the registration features in the next swath.

15 In a preferred embodiment to be described, the method comprises:

storing information relating to preliminary positions of the registration features in the next
swath;

20 calculating the error estimates based on the preliminary positions;
applying the error estimates during mapping of the next swath into the reconstructed

image.

In this embodiment, a two phase process is used in order to identify and correct for errors
at the point at which they occur in the reconstructed image and stitching can be performed
with 2 high degree of accuracy.

30 ' This approach can be implemented by:
storing information relating to the position of a registration feature in the first swath;
using said position information to locate a part of the image data from the next swath;
35 '

comparing the located part of the image data from the next swath with the registration
feature from the first swath in the reconstructed image;



based upon either the inherent inage structure or sone derived, eg.
filtered, version. 15 Alternatively, a set of structural "edge~—e+ "corner"
el enents may be obtai ned, by known means, and used in conjunction with a
known matching algorithmto obtain a set of corresponding |ocations, a
conparj son DOIIISA provi des an estimate of error. It is alPsA'GHI8MR e to
pose the problem as one of |ocal paranetric optimsation in which the
parameters of a local nodel (say affine) aPe chosen so as best to describe
t he mappi ng 20 between versions. In the enbodi mrents to be described, the
met hod conprises: identifying registration features in a first swath in an
expect ed ar eausing saikeomparispe fo derivepaQrroresiimateh to be col | ected; conparing
the positions of the registration features with the position of their
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of the enbodi emser estimateyelaRsscri bed, the nmethod conprises: deriving the
error estimmtes by conparing the position of the registration features in

the 35 first swat.h with the.positions ipn the reconstructed.i e of their
reproduct i onsaﬁy'{'ﬁmem %ﬁ&ﬁftﬁ whef} %EF'P{E;“ {PRE © ?‘?"b?exg §‘P’?‘ﬂé’l 5{3 FapRsd e,
f or navi gat i otheaecomstgudted images of the i mage WO 96/ 27257

PCT/ GB96/ 00492 5 subsequently being reconstructed. In this (one-phase)
approach, errors are identified and corrections are applied in subsequent

10 When the present invention is implemented in a hand scanner which has sufficient
computing power to do all of the processing, the method comprises using the error
estimates to feedback corrections to the navigation device. Thus, in real time, errors are
identified and used to correct the navigation device itself as well as to correct errors in the
image being reconstructed.

15

- Alternatively, the present invention may be implemented in a scanning device for collecting
image data and which is designed for interconnection to a computer system for performing
a method according to the present invention. '

20 The present invention can accommodate different scanning styles. To permit the user to
choose the scanning direction at the outset, there may be means for identifying and storing
information regarding registration features on two opposed sides of each image swath. To
permit changes of scanning direction during a scan, there may be means for calculating
error estimates and using these to correct navigation errors in respect of two opposed sides

25 of a swath when reconstructing an image.

A scanning device according to the invention will be described. The device may have the

computing power to perform the processing required by a method according to the present

invention or, alternatively, the device. may be designed for interconnection to a computer
30 system for performing a method according to the present invention.

In the embodiment to be described a scanning device and method for forming a

scanned electronic image include using navigation information that is acquired along with

35 image dati, and then rectifying the image data based upon the navigation and image
information. In a preferred embodiment, the navigation information is acquired by means

of at least one navigation sensor that detects inherent structure-related properties of an
original being scanned. Movement of an image sensor along the original may be tracked



parts of the inmage being reconstructed. This approach can yield good

results . as long . as 5. n -arge. Thi-s—appreach———
may be |nplenented by: tenporarily storing information relating to the .
registration features identified in the first swath; 10 mapping the next
swath i.nto (H@%2¥nstructed i mage: conparing the stored inB 5#&?%% i t h

i nformation relating to the reproductions iy the reconstructed i mage of the
registration features in the next swath. 15 In a preferred enbodi nent to be
descri bed, the nmethod conprises: storing information relating to

relimnar S|t|ons. of e |str tlonfeatur n the next swath; 20
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fromthe next swath; 35 conparing the |ocated part of the inage data from
the next swath wit [tiikeeent aguctireareiand propetsies” fafe0Npropatibs of tthe \baigihal that e
reconstruct edahﬂ%le to factors that are independent of forming image data and/or of systematic
10 registration data on the original. The navigation information may be formed by generating
a position signal that is responsive to detection of inherent structure-related properties, such
as a position signal of speckle information or a position signal that permits tracking of
individual inherent structural features. “Inherent structural features” are those features
of ‘an original that are characteristic of processes of forming the original and are
15 independent of forming image data and/or systematic registration data on .the original.
For example, if the original recorded media is a paper product, the inherent structural
features of interest may be paper fibers. As another example, navigation of the image
sensor across a glossy original or an overhead transparency film may be determined by
tracking surface texture variations that affect specular fields. Typically, the inherent
20 structural features are microscopic, e.g. between 10 and 40 um, features of surface
texture.

Thus, the contemplated approaches to acquiring navigation information vary in

scope. In the broadest approach, there is no limitation to the sources of navigation

25 information that are to be used to remove distortion artifacts of curvilinear and rotational

movement of the scanning device along a scan path. The navigation signal may therefore

be in the form of a position signal that is responsive to detection of image data on the

original (e.g., identification of edges of text characters), with the position signal then being

used in the manipulation of an image signal. A second approach is one in which a

- 30 position signal is responsive to detection of inherent-structure related properties, such as

the properties that determine speckle patterns. The third approach is to track navigation

of the scanning device by monitoring the positions of individual inherent structural features
(e.g., paper fibers) over time.

35 In the embodiments to be described the image sensor is a linear array of
electrooptical elements, while the navigation approach utilizes at least one two-dimensional
array of navigation sensor elements. By placing a sepa rate two-dimensional navigation
array at each end of the image sensor, the scanner is afforded three degrees of freedom of
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usi ng said conmparison to derive an error estitmte; storing the—error
estimate and a position tag indicating to which part of the next swath the
error estimate relates; 5 applying the error estinmate when_the rel evant

part of theWM@S6@T%ath is bei ng mapped into the reconst rucPCd/GRINNAZ 19
When the present invention is inplenented i;n a hand scanner which has
sufficient conputing power to do all of thé processi ng, the nethod
conprises using the error estimates to feedback corrections to the

navi gati on devi ce. in.real tine, err re | Ified and.use
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accommodat e5 diafsmallemdrrayextent than woyldde nedessary ifiinly 4 single smgatmn@rmn swere; ysed.
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there may be mgmdmnfmhmﬂ fat rectifyingrimage dita omild feasibly m:.:qgrwms&mg)other

correct navi ggﬁ%lﬁ -’?15518 Bﬁc&aﬁfnéé gig vice) pﬁﬁﬁdm? G@dlﬁ% \ﬂLee@ ahdYalls,

when reconstr I ng an I scanni n Vi ce acc tl on
will be ded®r mwautemecca@s balls,Registatinp grigedetectors, acceleromeiérs, mechanical i

non-contacting electromagnetic and electrostatic linkages and time-delay integration sensor
arrays. In many of these alternative embodiments, navigation information for rectifying
the image data is acquired in manners independent of any inherent structure-related
properties of the original, since position tracking does not. include image acquisition.
15
The navigation sensors are in a known position relative to the image sensor.
Preferably, the navigation sensors are as close to the end points of the imaging sensor as
possible, so that the navigation sensors are less susceptible to travelling: beyond the edge
of an original as the image array is moved. The image sensor forms a signal that is
20 representative of an image of interest. Simultaneously, each navigation sensor forms a
signal representative of the inherent structure-related properties of the original. The
scanning device may be moved in a freehand meandering pattern, such as one of
alternating lefi-to-right and right-to-left movements with descent along the original, with
the device remaining in contact with the original. Each one of the side-to-side swaths
25 should overlap a portion of the previous swath, so that the image may be manipulated with
 respect to position and stitched either during or following the scanning process. The
manipulation of the image signal is a rectification of image data, with the rectification
being based upon the relative movement between the navigation sensor or sensors and the
inherent structure-related properties detected by the navigation sensors. The manipulation
30  is a "rectification” of the image signal, i.e., an operation of arranging and modifying
acquired image data based upon navigation data in order to achieve conformance between
original and output images. The stitching is used to connect image data acquired during
successive swaths.

35 Each navigation sensor may include one or more light sources designed to provide
contrast dependent upon the inherent structure-related properties of the original. Emitted
light may be in the visible range, but this is not essential. For example, "grazing” light
that has large angles of incidence relative to the surface normal will interact with paper
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by contact with the surface of the original throughout the image capture process. In fact,
for embodiments in which image rectification is provided by correlation of navigation
15 images, the device-to-original contact constraint may be eliminated. - Another advantage
- is that because the scanning device of the described embodiments forms an electronic
image based upon detection of inherent structural features, large areas of "whitespace”
between image features of the original will be preserved and therefore not result in the

image features being moved closer together during a stitching step.
20

ri ripti h in

Fig. 1 is a perspective view of a hand-held scanning device following a
meandering path on an original in accordance with the invention.
25 Fig. 2 is a rearward view of imaging and navigation sensors of the scanning
device of Fig. 1.
Fig. 3 is a perspective view of the scanning device of Fig. 1, shown with
the imaging and navigation sensors exposed.
Fig. 4 is a schematical side view of an illumination system for one of the
30 navigation sensors of Fig. 3.
Fig. 5 is a side schematic view of a light emitting diode and optical
elements for providing the illumination described with reference to Fig. 4.
Fig. 6 is a conceptual view of the image capture operation of the scanning
device of Fig. 1. _
35 Fig. 7 is an operational view of one embodiment of the navigation
processing of the scanning device of Fig. 1.
Fig. 8 is a schematic view of selected steps of Fig. 7.
Fig. 9 is a block diagram of the components for carrying out the steps of



I ndi vi dual inherent structural features. "Inherent structural features are
those features of an original—that are:.characteristicof processes-of
formng the original and are 15 i ndependent of form ng i nage data and/ or
systematic registration data on the original. For exanple, if the original
recorded nedV@%/272% paper product, the inherent structural YEHERDLR

I nterest nay be paper fibers. As another exanple, navigation of the inage
sensor across a glossy original or an overl@ead transparency film may be
determ ned by tracking surface texture variations that affect specul ar
fields. Typically, the inherent 20 structural features are m croscopic,
e.g. between li‘@-%nd 40 [err]m features of surface texture. Thus, the
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that determ n®EH & patterns. The third approach is to track navigation
of the scalhi ng devi ce Fig- 13 rshows thegbuffers psxi ini 2 08e-phasé prdcessdacebrdinghtor that
structural f Ehveftigh; . Paper fibers) over time. 35 - In the
enbodi nents to be describeq,the ipage sensor is, a |inear, array, of .
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scanner is_afforded_ thre egrees o reedom
S achieve stitching of successive swaths.

Fig. 16 shows the buffers used in a two-phase process for achieving
stitching of successive swaths. ' _

Fig. 17 illustrates swaths being collected when the two-phase process of
Fig. 16 is being used. '

for i ut the Invention

With reference to Fig. 1, a portable, hand-held scanning device 10 is shown as

having followed a meandering path 12 along an original 14. The original may be a piece

25 of paper, an overhead transparency film, or any other image-bearing surface. The

inherent structure-related properties of the original may be used to provide position

information during navigation along the meandering path. In this approach, the positions

of inherent structural features are tracked and the position information is used to rectify

ithage data, but other embodiments will be described. The scanning device is preferably

30 self-contained and battery powered, but may include a connection to an external source of
power or to data ports of computers or networks.

The scanning device 10 of Fig. 1 includes an image display 16 to allow viewing
of a captured image. However, a display is not essential to the use of the scanning device.
35 '

Referring now to Figs. 1-3, the forward side 18 of the scanning device 10 includes
a pivoting member 20 that aids in maintaining proper contact between the original 14 and
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freedom are-transl ati onal and are perpendicular to each other within the
pl ane of the original, while the third degree of freedomis rotational
about the nqWe®21287t he pl ane of the original. The accuracy PETKGRISNBAPOY
tracking is enhanced by the use of two navigation arrays, wth each array
having 5 a smaller array extent than woul d 1de necessary if only a single
navi gation array were used. Wile the described enbodinment is one in which
a navigation sensor_is a two-dinensional array, |inear arrays may al so be
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sensor arrays. of these, al ati ve enpodi nept navi t
information for recmﬁ?%/ﬁaﬂﬁmgh ?;1‘!’%“?'? g H‘g wo' being in
i ndependent of translptibm aad one m;u‘o!atmmr &he dirstt degraer isthe Eldm-aﬂememig()ﬁans
since POS' ti ONmbveafelit rlﬂbr%Qﬁé oﬁgfnal l@C*rHéﬁecbﬂ@lﬂ 185 St fréddohPR -movemémtCupwardiy
navi gati on sens ar e QS on . relativ i,mage nsor
Pref orabl y, tHE %Wlbﬁ%ﬁmﬁm% s\t The i HoRTeR of BpdERLs
i magi ng senkbrthasbility 36 lope;atesthetdmlicetwah nmmgmal misalipmeent theimaging sensor 22
susceptible t % ad Je 9ot dVRGR aabledy
I s nmoved. Theorlem:gc %rw gn%l %ﬁﬁ E éifgdre S&sgr{ﬁg'tﬂl've of én
i mage of i nter%{; ”S }st‘%é’ﬁﬂ’ﬂ‘ icular,Rorhe, dippciion r‘?e‘é'gﬁ s%‘"&Fms a signal
representative of the inherent structure- reI at ed properties of the
original. The - For reasons of physical compactness, the imaging sensor 22 is preferably a contact
15 - image device, but for applications in which- compactness is less of a concern or a-smaller
‘image is desired, sensors employing projection optics may be employed, with magnification
less than unity. In such applications, the elements of the imaging sensor 22 should be
smaller and more closely packed together. Contact imaging devices typically employ
lenses sold under the trademark SELFOC, which is a trade mark of Nippon Sheet Glass
20 Company Limited. Less conventionally, contact imaging can be obtained using
interleaved array elements of sources and proximal sensors, without any imaging lenses.
Conventional imaging sensors for scanning applications may be used. The imaging sensor
may be part of a unit that also includes an illumination source, illumination optics, and
image transfer optics. '
25

The imaging sensor 22 is shown as a linear array of discrete optically sensitive

elements. The spacing of the elements plays a role in determining the spatial resolution

of the scanner 10. For example, a linear array having a length of 101.6 mm requires 1200

sensor elements to achieve a resolution of 300 dpi. The sensor may be a charged coupled

30 device, an amorphous silicon photodiode array, or any other type of linear array sensor
known in the art.

A key consideration in the design of the imaging sensor unit is speed. The imaging

sensor 22 preferably is able to image each pixel at approximately 10K samples per second.

35 Linear imaging arrays generally produce a serial data stream, wherein pixel values, i.e.
charges, are placed into a shift register and then shifted out. Achieving the desired speed
requires either very fast serial transfer rates out of the entire image array or multiple taps,

so that pixel values can be shifted through fewer cells. This introduces parallelism, which



scanni ng device may be noved in a freehand neandering pattern, such as one
of alternating left-to-right_and right-to-Ileft_novenments with descent al ong
the original, with the device renmaining in contact with the original. Each
one of the side-to-side swaths 25 should overlap a portion of the previous
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element that selectively passes red, green and blue components of the incident light
- . respectively, would allow color imaging. Altemnatively, a single array having broad-band

15 sensitivity may be sequentially illuminated by red, green and blue light sources.

Regarding illumination for improving the operation of the imaging sensor 22, a
linear array of high intensity light emitting diodes at the amber wavelength may be used.
However, the selection of the preferred illumination source and any optical elements is

20 dependent upon the medium of the original. The wave-length of the light is selected to
maximize the contrast image data acquired during the scan of a given area of the original
14, while disregarding unwanted signals. Illumination optics may consist of LED dome
lenses or may include a light pipe consisting of a precision-molded optical element that
channels the illumination onto the original with a minimal amount of light Joss. Such a

25 design can afford a relatively uniform illumination of a target area of the original at a wide
range of angles, but blocks normal incident rays in order to avoid specular surface
reflections.

In Fig. 1, the meandering path 12 is shown as having four and a fraction swaths,
30 i.e. side-to-side passes across the original 14. A useful imaging sensor 22 for most
opportunistic applications has a length within the range of 25.4 mm-and 101.6 mm. If the
sensor 22 has a length of 63.5 mm, an A4 paper can be scanned in four or five swaths.
As will be explained more fully below, the swaths should include regions of overlap, so
that a stitching process can be used to produce a faithful reproduction of the original

35 image.

The scanning device 10 typically includes at least one navigation sensor 24 or 26.
In the preferred embodiment, the device includes a pair of navigation sensors, with the
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structural variations that are inherent to the medium or are formed on the medium, e.g.,

_text, For example, images may be formed based upon the contrast between shadows in

.15 valleys and bright spots at the peaks of inherent structural features. Such features are

typically microscopic in nature, often ranging between 10 um and 40 um in size on

common printed media. As an alternative, speckle may be used, since specular reflec-tion

of a coherent beam produces a contrast pattern of bright and dark areas. A third source

of contrast information is color. Color contrast is independent of surface texture. Even

20 when illuminating the texture-free surface with light in the visible range, color contrast

exists between regions of different colors, e.g., between different shades of gray.

However, it is contemplated to use the invention for applications in which

navigation information is independent of inherent structure-related properties of the

25 original. For example, one or both of the navigation sensors 24 and 26 of Fig. 2 may be

used to form successive images of print on the original, with correlation of the successive

images being used to determine the position and the orientation of the image sensor 22

along the original 14. In this embodiment, all three sensors 22, 24 and 26 image text on

the original, but only the signal from the sensor 22 is used to acquire image data. The

30 signals from the navigation sensors 24 and 26 are used to acquire image-based navigation
information.

Non-imaging approabhes can also be used to acquire and process X, Y and angular

position information. Unfortunately, many of the alternative means impose various

35 limitations upon compactness, convenience of use, speed, freedom of motion, power
consumption, accuracy, precision, and/or cost. One imaging-independent alternative
available to acquiring position information is to provide one or more encoding wheels in
place of the navigation sensors. The encoding wheels may then roll without slip upon the



el ements for providing the illum nation described with reference to Fig. 4.
Fig. 6.1is a conceptual viewwof the inage capture operation of the.scanning
device of Fig. 1. 35 Fig. 7 is an operational view of one
enbodi ment of the navigation processing of the scanning device of Fig. 1
Fig. 8.is a.YOWERMT c view of selected steps of Fig. 7. Fi gPCUGBSHMI3 ock
di agram of the conponents for carrying out the steps of WO 96/ 27257
PC1GB9600492 10 Fig.8. Fig. 1Ca is a reprebentation of an increment of a
posi tion-tagged data streamtypical of the output fromthe navigation
processor of Fig. 9. Figure 10b is a representation of a buffer storing a
nul titude of pSerhned surfacs, weashling thetssanning: denier 4o tlave)aleng) straighiner gurvilinear
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Fig. 14 il gsistanimpspdsitivhand bfiemation0! | ected when the one-phase process is
bei ng used;
~ Another image-free approach to acquiring navigation information is to use track
balls similar to those for a computer mouse. A track ball could be used in place of each
encoder wheel described above. Encoders would be used to obtain two-dimensional
10 displacement information from each track ball. In another approach, optical or electronic
(capacitive, resistive or inductive) sensors may be used in place of the navigation sensors
of Fig. 2 in order to sense position and orientation relative to a cooperative (active or
passive) grid or other reference constructed in an underlying tabletthat, in turn, serves as
a support for the original being scanned.
15
Another image-free approach to acquiring ‘position and orientation information is
to provide an accelerometer. An on-board inertial navigation platform may be used, with
accelerations being sensed and integrated either once to obtain velocities or twice to obtain
positions. In another aiternative approach velocities of spring-suspended masses could be
20 sensed and integrated once in order to obtain positions. Gyroscopes could be employed
in a direct sensing of orientation.

Yet another alternative approach would be to use any of a variety of mechanical

linkages with which to track position and orientation relative to reference coordinates fixed

25 with respect to the medium being scanned. Position and orientation information could be
obtained by means of sensors coupled to measure therelative movement of the mechanical
members. These sensors could be of either the relative or absolute type and could be
based on direct position and orientation sensing, or the sensing of accelerations or
velocities that would then be integrated with respect to time, once or twice, to obtain

30 positions. Non-contacting remote ‘sensing could also be used to measure position and
orientation of the scanning device relative to reference coordinates fixed with respect to

the scanned original. Examples of such non-contacting sensing would inciude those that

use electro-magnetic fields, waves or beams (e.g. at optical or radio frequencies); electric
effects (e.g. capacitive); and/or magnetic effects (e.g. inductive). These approaches could

35 utilize standard or differential Global Positioning technologies and potentially could use
satellites. These approaches can also include traditional navigation/surveying methods,
such as triangulations. They could also include techniques employed in robotics
technologies, such as using shaped light beams and interpreting position from images of



Fig. 15 is a representation: of a registration tile that may be utilized to
15_achieve stitching.of successive swaths. Eig..lb.shows the buffers—used
in a two-phase process for achieving stitching of successive swaths. Fig.
17 illustrates swaths being coll ected when the two-phase process of Fig. 16
i s being use(NOSERIBIst Mbde for Carrying Qut the Invention VWEHCPSZn e
to Fig. 1, a portable, hand-held scanning device 10 is shown as havi ng

foll owed a nmeandering path 12 along an ori glhal 14. The original may be a
pi ece 25 of paper, an overhead transparency film or any other

I mage- bearing surface. The inherent structure-related properties of the
origi nal ‘may baheredhesedepams intersepidhe moying okiest: mat i on duri ng navi gati on
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10 a stored image representing a known position of inherent structural features, wherein the
stored image serves as a position reference. However, operations other than the correla-
tion process may be employed in manipulating the input image data to form the output
image.

15 Referring now to Figs. 4 and 5, navigation sensor 24 is shown as being operatively
associated with illumination optics. If the original 14 is a paper product for which paper
fibers are 10 be detected by the navigation sensor 24, the introduction of light at a grazing
angle of incidence is preferred. While not essential, one or more light emitting diodes
(LEDs) 28 may be used. The grazing angle 30, which is the complement of the angle

20 of incidence, is preferably in the range of zero degrees and fifteen degrees, but this may
éhange depending upon the properties of the original 14. In Fig. 5, the source 28 is
shown with illumination optics 34, The optics may comprise a single element or a
combination of lenses, filters and/or holographic elements to accomplish suitable collimated
and generally uniform illumination of the target surface. The wavelength of the light

25 emitted by the source 28 should be selected to enhance the spatial frequency information
available for navigation. Fixed pattern noise in the illumination field should be minimized.
The output of source 28 may require adjustment to accommodate wide dynamic ranges of
reflectivity of the medium as the scanning device proceeds over printed materials with
absorbing or reflecting inks or other marking agents.

In Fig. 4, light from a source 35 is collimated at illumination optics 36 and then
redirected by an amplitude splitting beam-splitter 37. That portion of the light energy from
the LED directly to and transmhitted through the beam-splitter is not shown in Fig. 4. The
light energy from the beam-splitter illuminates the original 14 along the normal to the

35 surface. ' : :

Also represented in Fig. 4 is the portion of the light energy that is reflected or
scattered from the original 14 and passed through the beam-splitter 37 for aperturing and
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11 an i magi ng sensor 22. The imagi ng-sensor 22 conprises a linear array of
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contrast, or AC signal if the surface of the original is not glossy. The DC signal level,
15 however, increases as the illumination angle approaches the norma! to the original.

Tluminating the target region of the original 14 at a grazing angle 30 works well
for applications in which the surface of the original has a high degree of unevenness at the
microscopic level. For example, the introduction of light from the source 28 at a grazing

20 angle provides a high signal-to-noise ratio of data related to inherent structural features
when the original is stationery, cardboard, fabric, or human skin. On the other hand, the
use of incoherent light at a normal angle of incidence may be preferred in applications in
which position data is needed to track scanner movement along such originals as
photographs, glossy magazine pages, and overhead transparency films. With normal

25 illumination, using incoherent light, viewing the original in the specularly reflected field
will provide an image that is sufficiently rich in texture content to allow image and
correlation-based navigation. The surface of the original has a microscopic relief such that
the surface reflects light as if the surface were a mosaic of tiles, or facets. Many of the
“tiles" of an original reflect light in directions slightly perturbed from the normal. A field

30 of view that includes the scattered light and the specularly reflected light can thus be
modeled as though the surface were composed of many such tiles, each tilted somewhat
differently with respect to the normal. This modeling is similar to that of W.W. Barkas
in an article entitled *Analysis of Light Scattered from a Surface of Low Gloss into Its
Specular and Diffuse Components,” in Proc. Phys. Soc., Vol. 51, pages 274-292 (1939).

35 .

Fig. 4 shows illumination by a source 35 of incoherent light, which is directed
along the normal of the surface of the original 14. Fig. 5 describes illumination at a
grazing angle 30. In a third embodiment, no illumination is provided. Instead, the naviga-
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similarly accomplished in Fig. 4.

. Referring now to Fig. 6, the scanner 10 is . shown as being moved across an
15 original 44 having a block 46 imprinted onto a surface of the original. Because the
- scanner 10 is not subjected to any kinematic constraints in the plane of the original, there
is a tendency for a user to follow a curvilinear path across the original, as when the hand
and forearm of the user rotate about the elbow. In Fig. 6, the scanning device is shown
as following a curved path 48 across the block 46. If the lower edge of the scanning
20 device is the edge that is closer to the elbow that defines the axis of rotation, the lower
edge will have a shorter radius. Consequently, imaging elements of an imaging sensor will
vary with respect to the time and distance required to pass over the block 46. A distorted
image 50 of the block is captured as the device is moved to the second position 52, shown

in dashed lines.

25

The captured image 50 would be the stored image in the absence of processing to
be described below. However, as the imaging sensor captures data related to the block 46,
navigation information is acquired. In the described embodiment, one or more navigation
‘sensors capture data related to inherent structural features of the original 44. Movement
30 of the inherent structural features relative to the scanning device 10 is tracked in order to
determine displacement of the imaging sensor relative to the block 46. A faithful captured
image 54 may then be formed. The image 54 is defined herein as the "rectified” image.

In Fig. 7, one embodiment of navigation processing is shown. The navigation

35 processing is perfoﬁned by correlating successive frames of navigation information, such
as data related to inherent structural features. The correlations compare the positions of

the inherent structural features in successive frames to provide information reiated to the
position of a navigation sensor at a particular time. The navigation information is then
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of the origingl,33co tdi@Yflace by a periodic pulsing of the illumination system of each navigator.
15 If there is a reflected signal that exceeds a prescribed threshold of reflection or a
correlation signal that indicates motion, the reference frame is then acquired.

Although the navigation processing is performed computationally, the concepts of

this embodiment may be described with reference to Figs. 7 and 8. A reference frame 62

20 is shown as having an image of a T-shaped inherent structural feature 64. The size of the

reference frame depends upon factors such as the maximum scanning speed of the scanning

device, the dominant spatial frequencies in the imaging of the structural features, and the

image resolution of the sensor. A practical size of the reference frame for a navigation
sensor that is thirty-two pixels (N) by sixty-four pixels (M) is 24 x 56 pixels.

At a later time (dt) a navigation sensor acquires a sample frame 66 which is
displaced with respect to frame 62, but which shows substantially the same inherent
structural features. The duration dt is preferably set such that the relative displacement of
the T-shaped feature 64 is less than one.pixel of the navigation sensor at the velocity of

30 translation of the scanning device. An acceptable time period is SO us for velocities of
0.45 meters/sec at 600 dpi. .This relative displacement is referred to .herein as a
"microstep. "

If the scanning device has moved during the time period between acquiring 56 the

35 reference frame 62 and acquiring 58 the sample frame 66, the first and second images of
the T-shaped feature will be ones in which the feature has shifted. While the preferred
embodiment is one in which dt is less than the time that allows a full-pixel movement, the
schematic tepr&semation of Fig. 8 is one in which the feature 64 is allowed to shift up and
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15
While other correlation approaches may be employed, an acceptable approach is
a "sum of the squared differences" correlation. For the embodiment of Fig. 8. there are
nine correlation coefficients (C, = C,, C, ... C;) formed from the nine offsets at element
70, with the correlation coefficients being determined by equation:
20
G =LL S - R(ij)-b-l)z

where S; denotes the navigation sensor-measured value at the position ij of the sample

25 frame 66 and Ry denotes the navigation sensor-measured value at the frame 68 as shifted
at the element 70 in the k direction, with k being the identifier of the shift at element 70.
In Fig. 8, k=3 provides the correlation coefficient with the lowest value.

_ Correlations are used to find the Jocations of identical features in successive frames

30 in order to determine the displacements of the features from frame-to-frame. Summing

or integrating these displacements and correcting for scale factors introduced through the

design of the relevant optics determine the displacements of the imaging sensor as a
scanning procedure progresses.

35 As previously noted, the frame-to-frame cormrelations are referred to as
"microsteps," since frame rates are chosen to be sufficiently high to ensure that the
displacements do not exceed the dimension of a single pixel. Oversampling can provide
sub-pixel displacement precision. - Referring to Fig. 7, a determination 74 of whether 2



of contrast information is color. Color contrast is independent of surface
texture Even 20 when illummnating the texture-free surface with-light in
the visible range, color contrast exists between regions of different
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By using macrosteps, a more precise determination of scanner displacement across

a distance of m image frame displacements, i.e. m microsteps, can be obtained. The

15 error in one macrostep is a result of a single correlation calculation, whereas the equivalent

error of m microsteps is m* times the error in a single microstep. . Although the average

of errors in m microsteps approaches zero as m increases, the standard deviation in the

average of errors grows as m* Thus, it is advantageous to reduce the standard deviation

of accumulated error by using macrosteps having m as large as practical, as long as the

20 two frames that define a macrostep are not so far spaced from one another that they have
no significant region of common image content.

The sampling period dt does not have to be constant. The sampling period may

be determined as a function of previous measurements. One method that employs a

25 wvariable dt is to improve the accuracy of displacement calculation by keeping the relative

displacement between successive reference frames within certain bounds. For example,

the upper bound may be one-pixel displacement, while the lower bound is determined by
numerical roundoff considerations in the processing of the navigation data.

30 Referring to Fig. 9, the image signal generated at the imaging sensor 22 may then
be "position-tagged® based upon the navigation data. In one embodiment, pixel values
from the two navigation sensors 24 and 26 are received by a navigation processor 80 for
performing the operations of Figs. 7 and 8. Based upon the computed correlations,
coordinates are determined for the current position of the first navigation sensor 24 (X,,

35 Y,)and for the current position of the second navigation sensor 26 (X, Y,). Individually
each navigator delivers only the local translational component of its position. The data
from both navigators must be integrated to obtain an absolute position estimate that takes
into account rotation of the scan head. Also it is convenient to translate the position
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therel ative nnveqﬁﬁf of the mechani cal nenber Thesé sensors coul d
ei ther the rel &Y or absolute type and coul d be based on direct p05|t|on
and orientation sensing, or the sensing of accelerations or velocities that

woul d then be integfpd pekitinltlgged B StrehR at tHEFOutit 86 of the Wivigation Proctisér 8b is
15 buffered as shown in Fig 10b. A buffer B holds a multitude of the increments 88 of Fig
9. The .buffer B may be used to accommodate an entire scan in which case data
compression may be used. This data is then mapped to rectilinear co-ordinates to form a
final rectified reconstructed image as will now be described.

20 Figure 11 shows the rectilinear image buffer 100, height H pixels by width W
pixels, to which the stream of increments 838 are mapped to form the final rectilinear
image. A simple two-dimensional array, of appropriate data type (here 8 bit greyscale;
but could equally be 24 bit color or 1 bit binary), will suffice as a representation for the
rectilinear image. The X and Y co-ordinates of the position tags associated with each

25 increment correspond to the horizontal and vertical dimensions (column and row indices)
of the rectilinear image space. Also shown are the loci of positions tags (shown enlarged
in the scrap view for a short section, on the right) for each end point of the linear image
sensor associated with a stream of increments. Within these a pair of increments
‘(Increment #1 and Increment #2) are highlighted by joining their position tags with straight

30 lines. These are chosen as almost intersecting in the overlap region where the scan
doubles back on itself.

The imaging sensor 22 is clocked as the scanning device moves across an original.
The clocking ensures that the fastest moving element of the sensor samples at least once
35 per pixel displacement.

The next operation is to map the position-tagged image increments within a swath
into the rectilinear image buffer 100. In one embodiment, the end points (pixel, and



30 positions. Non-contacting renote sensing could also be used to neasure
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15 algorithm
**#*****##**###****#**t#*##***t#*#*#*****#*****#**#****##**’
delta x = xb - xa;
delta y = yb - ya;

20 inc_x = (delta_x > 0) - (delta x < 0); /* increments are +1 or -1 */
inc_y = (delta_ y > 0) - (delta_y < 0);

delta_x *= inc_x; /* take absolute values */
delta_y *= inc_y;
25
X = Xa;
y=1ya
x_emr = 0;
yerr = 0;
30
fori=0;i < N;i++)
{ set_pixeli/2,x/2,y/2),
x_err += delta_x;
y_err += delta_y;
35 if(xerr >=N)
{x_err-=N;
x +=inc_x;

} .



| mge. 15 Referring now to Figs. 4 and 5, navigation sensor 24 is
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surface. The mavelln i the light 25 emitted by the source 28 should be
sel ected to enhange the spatial frequency information avail able for
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through the bgagirsiid ¥ lefr seBto 7edb ardBégin! iielBopiNNext, read the value at (x, y) and write

it to the rectilinear image buffer using set_pixel(). Given a linear image sensor with half
15 : the resolution of the navigation, use i/2, x/2, y/2 for: the pixel number in the sensor and

the position in the rectilinear image buffer. Add delta_x and deita_y to the respective error

registers, then test both error registers to see if they exceed N. If so, subtract N from

them and change x and/or y by the increment. If an error register does not exceed N,

continue to use the current value of x or y. The process continues until the loop has run
20 N times.

As previously noted with reference to Fig. 6, in the case of significant curvature
of the path of the scanning device 10 during image capture, one end of the imaging array
will translate more rapidly than the other end, causing pixels at the slower end to be

25 oversampled i.e. written more than once. This situation can be handled by either
recording the most recent reading (for greyscales) or by recording in a logical OR mode
(for binary images) at a specific pixel location in image space.

The rectilinear image buffer 100 is large enough to accommodate a single letter

30 sized or A4 sized page at the resolution of the linear sensor (typically either 200 or 300
dpi) The position and orientation of the origin of the scan are assumed to be known
apriori. Increments which either partially or wholly map outside the image can be
wrapped (using modulo arithmetic with respect to W and H for X and Y components
respectively) around the horizontal and vertical boundaries to continue at the opposite side

35 of the rectilinear buffer. After completion of the scan, the rectilinear image buffer
memory 100 can be rolled both horizontally and vertically to centre the scanned region.
Provided that the scanned region does not exceed either the overall height or width of the
rectilinear buffer 100 then the final image will be well formed independent of the initial
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16 filtering at elenent 38 and focusing to an innage at el enent 39. The
portion of |ight energy passing fromthe original to the beamsplitter and
reflecting fromthe beamsplitter is not shown. The magnification of

navi gatj on | weagsRmsdpti cs shoul d be constant over the fiel dPOT/GBPGMN4LS t he
t wo- di mensi bnal sensor array 24 which detects the focused light. In 5 many
applications, the nodul ation transfer funct3dons, i.e. the anplitude nmeasure
of optical frequency response, of the navigation optics nust be such as to
provi de attenuation before_the Nyquist frequency that is determ ned by the
pitch of the sHARiAE PesitipknTe abfain PropPeralisgment itherthe scan mesh begim et the assumed

dosi gned T o pr ouarie b o L e P o e page) B BiBtior M b retoverea®
sig P u | . i i se.

10 a wavef rontﬁ‘é'g'l | .t‘lq’?\l%qgg’;g&s%t@gyg%gﬁ%d%af‘?&%&’ﬁs@gl “’Fﬁ%e'sﬁgé‘?‘?% Tof
the angle of i #upmaticelly detsemiaing the dominantagieptatian of taxpen aipage,ovhicthcan be used
of i gi nalt : G?Ziam basig|fes théflahérlL. \aFd nﬁ}&:pih wafﬁelt NO¢he %ﬁl&ﬁ'?‘l&l@@f’tﬁ?ﬂ[&
apparent contr . i S e.original I.s.ng

gl ossy. The D(ﬁﬁ‘b"ﬁ%u IA‘EJ(/B§ %hmgp‘ yﬁ‘ﬁ@&?@?‘c&ssm%ﬁ'm Bﬁ‘d}fﬂ’ﬂ'ﬁdo““ag_e
angl e appr oach8ystems; Roghester, Newi¥askdP8Yi nal . 111 unminating the target region

of the original 14 at a grazing angle 30 works well for applications in

- which the surface of,.the original. has a high degree of unevenness at the
ni croscopi ¢ | evel . ?"@Qé{?ﬁg%{‘]’ SPFFE SpCEessive IBage swaths within their regioniof overlapda

28 at a grall naeconianceywith thecpressatsinveritiogh Thie giralis toccombiremulépleawaths dithin the
rel ated to i nhgyeat100tdohtainiig?d ihAbat r%ﬁﬁt bdl ) '
cardboard, fabric, or @umafg g%i n. wa{éﬁ ot g%bﬁéngggt_@susgémg?’g}dﬁggﬁ{e%ﬁght
light at a nor3RYahl identtyap mawm? thgacumplated oavigation seror and toymask any
whi ch positi onresidnal éereorneeded to track scanner novenent al ong such
originals as
15 ‘In the embodiments of the invention to be described, the stream of navigation data
- provides the registration information needed for stitching. Since the navigation signal tends

to accumulate error, it is continually amended by feeding back a correction signal derived
from analysis of feature offsets.

20 However, first we will describe a method of stitching image swaths which assumes
that there are no navigation errors.

Some area of overlap is necessary in order to stiich two image swaths. Swaths are

delimited by a reversal in the path of the scanning device back over a region of the original

25 of which a part has just been scanned. A swath comprises the image data captured during

a scanning swipe across an original being scanned. In the following description, the term

"swath’ will also sometimes be used to refer to the part of the reconstructed image formed
from mapping such data. '

30 The scan represented by the loci of endpoints of increments in Figure 11 generates two
.overlapping swaths. In Figure 12 the portion mapped into the rectilinear image buffer 100
that comprises Swath #1 is partially re-mapped on the return by the portion of the scan that
corresponds to Swath #2, with the area of overlap 102 shown filled. Ata time T, a partial
swath has thus far been scanned. Satisfactory stitching can be achieved, in this case, by

35 simply continuing to map Swath #2 to the rectilinear image buffer 100 on top of Swath #1.
Returning to Figure 11, Increment #2 can be mapped along its whole length in just the
same way as for Increment #1 and similarly for each pixel in the region of overlap 102 in
Figure 12. The final rendition in the rectilinear image buffer 100 that resulted from Swath



phot ogr aphs, gl ossy nmagazi ne pages, and overhead transparency filnms. Wth
nornal 25l LR et -Ghetsi-ng— N coher-eRt=—t=ghtr—y+ew-ng—t-he ori grAat—tn t he
specularly reflected field will provide an image that is sufficiently rich
in texture content to allow image and correl ation-based navigation. The
surface of - IW@9¥21281 nal has a mcroscopic relief such that #

reflects light as if the surface were a nosaic of tiles, or facets. Many of
the "tiles" of an original reflect light iB5directions slightly perturbed
fromthe normal. A field 30 of view that includes the scattered |ight and
the specularly reflected Iight can thus be nodel ed as though the surface
wer e conposed #bfis simply replaced with thataesulting frore Swatm#hat differently with
respect to the nornal This nodeling is simlar to that of WW Barkas in
an article entitled, ' Analysis of Light Scattered froma Surface of Low

Goss into Its SpediAvaly.#hepe in, whi ‘@cﬂﬁ%ﬁﬁh@ area; of querlap 193, mapped as pary/gf

51. ﬁages 27450t #1,988)not 3&pldced by/theseoinappedd wath i#20 will alsosprove satisfacioty
i ncoher ent e
ori gi nal 14k I%m %rﬁﬁes%ﬂaﬁ%nﬁlﬁm z?a?l{o%ﬁgl‘ﬁ%aﬁﬁ &EJOP
third enbodi we}m waih #1)are properky, mapned. | wate say erraswam w
96/ 27257 Swath #1 is used to clip the region mapped by Swath #2 In fact, @%W#ﬂ7

tion infornati I 0oUu he
envi ronment 1510 SYRSEFE HotkeeR dan il PALol it e biiiae e amagﬁsle 8 i
nor mal i nci derit dhe oveslap region sar b ebirinedequally gram cither Swiath #1/ or rSmaﬂom, or a
bet ween a 3pargmBihadéen.i ce and an 5 original may be tracked by nonitoring
notion of speckle relative to the navigation sensors. |f coherent

illumnation is used w thout using imging optics, then by selecting a
smal | area In practice, due to the accumulation of errors between the position tags of Swath

#1 and Swath #2, this simple approach which assumes no navigation errors does not give
very good results.

15 .

- A first embodiment of the present invention will now:be described with reference
to Figs 13 and 14. Figure 13 indicates the processing stages and data buffers involved
while Figure 14 relates to the process utilised with respect to Swath #1 and Swath #2. The
image increment data in the increment buffer B is mapped to the rectilinear image buffer

20 100 as described previously. Figure 14 shows part of the image captured in Swath #1
being re-mapped in the rectilinear image buffer 100 by the return pass, Swath #2.
Navigation correction is calculated by correlating features within the area of overlap
between Swath #1 and Swath #2.

25 Fig. 14 highlights this overlap area which is divided into two parts 104 and 105.
As shown in Fig. 14, during collection of Swath #1, quadrilateral image segments
(henceforth called "registration tiles") of which three (106, 108 and 110 are indicated) are
periodically labeled along the lower edge of the swath in the overlap area 105. On a later
pass (Swath #2) the overlap area 104 of Swath #2 above the area 105 containing the

30 registration tiles 106, 108 and 110 of Swath #1 is clipped, i.c. discarded, as Swath #2 is
acquired, by not permitting those pixels of Swath #1 to be overwritten. The registration
tile 106 from Swath #1 is located in the top of what remains of Swath #2, after the overlap
area 104 has been clipped. If the navigation data is perfect, there will be no offset
between the location of registration tile 106 and the location of that tile’s rescanned image

35 in Swath #2. More realistically, some navigation error will have accumulated since the
last registration was performed. The offset between the appearance of this tile in the two
swaths produces a correction factor which is then used to update future navigation
position-tags associated with the image data, in order to minimize the total accumulated



of illumnation and by having a relatively | arge separati on between the
surface of the original and_the photodetector_array of .t he navigation
sensor 24, the resulting predom nant speckle cell sizes w th coherent
illumnation are sufficiently large to satisfy the Nyquist 10 sanpling
criterLon.wﬁhsmmmgﬁﬁ a beamsplitter allows the direction RET/GRIGIG04OP
incident il'lum nation and the detected scatter to be near to normal to the
surface of the original, as simlarly accogplished in Fig. 4. Referring now
to Fig. 6, the scanner 10 is shown as being noved across an 15 original 44
having a block 46 inprinted onto a surface of the original. Because the

ts;:]anner 10 :Serf(ﬁ! EUhisowhye the! 18taf BdtculfiubdtPérrér ﬁodﬁﬁtn:éfihm&l dafa is! _ﬂlnmefmﬁh
e original, ere is a ency, {Qr ser .0l L ow a L] r

acr oss. £he- o PR = Aot ri1e FHEEE o el disortfn o ieSreidh WHe BRLswaRl
the el bow. | novexlgp. 6, the scanning device is shown as follow ng a curved
path 48 across the block 46. |If the | ower edge of the scanning 20 device is

t'h d t hat,J | to t | h fi t [ tati th
e ede Ut el ok, o 4 Shde SUah, 961 S5k U b MG e
.magi ng sensorefeserice toaFigs UBtandr ks Jiguret 13 shows: thadmagel intiresoent dwffer & ande thet o
pass over therebﬁm%r fifagebuftes 100, PR ﬂ&g&&@;@&m&mﬁgg& D3hindaFeardre

the device is v tQ the second positi 52, own I n ed lines. 25
The' capt ur ed P%é 4o M@gtsﬁég%ﬁﬁéggh%e in the absence of
processing to be described bel ow. However, as the inaging sensor captures

data rel at gl iggmsntmn@&&b&@; duthg|cBfctiBh of SWath ! tepfitrhifor e (106,108!aRd § )
descri bed enbodi

nment, one_or ré nayi gat1.on sensors, capture . data related
to inherent s#® '31“?3? EQF‘&? “Sf‘R? cAgs Hth°4Wa"?\/H\/BWe‘?¥Fd§baW ﬁhek“ )
i nher ent st r uentire ségistmtiontileould|beusedfor thetcherelatiomdscribediabove,cbut in the prefertsded
in order to d Sﬁﬂn Igﬁ lsshiall Phiohif o ' ?n,gﬂ;“ I &higll 2V SrebittridtR
bl ock 46. A fa:ht K cgstﬁﬁjre | ma ngﬂaﬁg&y{%ﬁge@ Qr (5‘ The lﬂa%ig 54,is
defi ned herei'?F‘&'é"’Sr@“mgtg'&t? _.qt-.égptgqgmg}e e.g., 15 x 15 pixels). of grey scale image 1s
15 located within a registration tile forming part of the image being reconstructed in the
rectilinear image buffer 100 as a result of the capture of Swath #1. '

2. The position tags of the registration features (which define the position of each
registration feature within the rectilinear image buffer 100) are saved in the feature location

20 buffer 113 prior to the start of the mapping of Swath #2 into the rectilinear image buffer
100. '

3. As Swath #2 is mapped, registration feature locations are identified in advance of being

overwritten in the rectilinear image buffer 100 by Swath #2. This is achieved by defining

25 a rectangular capture window 107, indicated in Fig. 14 with a length equal to an image

increment and a width of a few pixels, which precedes the image increment of Swath #2

which is currently undergoing mapping into the rectilinear image buffer 100. When a

registration feature location stored in the feature location buffer 113 falls within the capture

- .window 107, the registration feature location is selected (only one registration feature
30 location may be selected at any one time).

4. The result of selecting a registration feature location is to copy the relevant registration

feature (ie. the registration feature Jocated at that location in the rectilinear image buffer

100) to the feature, buffer 114. The feature buffer 114 temporarily stores a copy of the
35 registration feature together with its position tag.

5. After Swath #2 has been mapped into the rectilinear image buffer 100 so as to overwrite
the location (and a small neighbouring area) of the registration feature, a copy of which



In Fig. 7, one enbodi nent of navigation processing i s shown. The navi gation

35 processing is perforned by correlatihg-sveeessive franes—of—mavigatrion
informati on, such as data rel ated to inherent structural features. The

correl ations conpare the positions of the inherent struct ug@r §£S 1N
successweWomslo provide information related to the poSition of a

navi gati on¥sensor at a particular tine. The navigation information is then
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typically performed for each navigation sensor. In a first step 5
ref erence f r dsrstoresl incthe featute bufferf 14dhe contents of thefeaturer buffes 114 agd “&" E‘i“ﬂ)’t

gof' tion. q b #LvPBf He ﬁacﬁﬁi@hﬁ% bﬁﬂé}Smb @t conipafed drtotprmxd&wnh&gauon
et ermi ned by ac 0S n_ da

navi gati on s&RESF ‘H‘ts'i f‘@ﬁ'"gﬂ?é‘ ﬁﬁ?ﬂufrﬁgrtf’ @m&p'hfg‘ﬁ% "E%ﬁ%rffégé‘ggnwm&me
bet ween the roohespondencer arre and the |l ater-acquired sanple franme. 10
Acquiring e initial reference frane 56 may take place upon initiation of

t he i magi ng process. Far exanple, the acquisitio t re
‘placenent of & rERiS GOrFRsTioRy s’&B%‘l‘%ged bk ‘%@"2@&!‘5’%‘&%"{%?’?9 Sbf’ﬁglm fgur’s. T
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take pl ace by*% B@%ﬁ%ﬁéﬁ%u&. ng%ﬁﬁh%ﬂﬁdﬁﬁﬁ'ﬁ%ﬁ%“yﬁ?y ““*“W

navi gat or. 15each nemeraw jof lineatsensex datadis Jaaded inte; MEMORK un n‘b

t hreshol d m‘ i@éﬁmﬁglfeﬁﬂ\erenﬁrmﬁrel ation signal that indicates m)t | on, the

reference frane is then acquired. Although the navigation processing is

erfornmed conputationally, the concepts of
g i While otﬁ/er correlation app?oachm could be employed, an acceptable approach for

calculation of the offset between two image fragments is a "sum of squared difference”
correlation. A small search area is defined around the original location of the feature and
15 correlation coefficients are determined by equation:

Cu= zizj (T ;- L jﬂ)z

20 where T;; denotes the grey scale values of the feature from Swath #1 and L,y
denotes the greyscale values of the newly acquired feature from Swath #2. Indices i and
j specify pixel locations within the features, while k and 1 specify the magnitude of the
proposed translational offset (constrained to remain within the search space). The smallest
element in the resulting correlation array denotes the offset between the two features.

25

The registration feature within the registration tile is selected to maximize image

variance, since this improves the accuracy of the correlation method. In one possible
embodiment, only a subset of locations within the region is considered. These locations
116, 118, 120, 122 and 124 are shown in Fig. 15 as lying along the principal axes 126 and

30 128 of the registration tile (lines joining opposite midpoints of lines that define the region)
and are sampled at the intersection and halfway between the intersection and each endpoint
of the axis. For each location 116, 118, 120, 122 and 124, the variance VAR, is
calculated using the equations:

35 SUM,, = EI L

SUM2,; = EZ; (i e’



this enbodi ment nmay be described with reference to Figs. 7 and 8. A
reference franme 62 20 is shown as having an_inage of a T-shaped-inherent
~structural feature 64. The size of the reference frame depends upon factors
such as the maxi mnum scanni ng speed of the scanning devi ce, th% I nant
spatial fregoeoearss in the imging of the structural featurgy,n he
i mage ‘resolfuti on of the sensor. A practical size of the reference frame for
a navigation sensor that is thirty-two piX8s (N) by sixty-four pixels (M
is 24 x 56 pixels. 25 At a later tine (dt) a navigation sensor acquires a
sanple franme 66 which is displaced wth respect to frane 62, but which
shows substantially VARsare SUMZ S0t SUMyQIMFPal features. The duration dt
is preferably set such that the relative di splacenent of the T-shaped
feature 64 is |l ess than one pixel of the navigation sensor at.the velocity
of 30 translation of the scanning device. An acceptable tine period is 50
[err]s for velocities of 0.45 neters/sec at 600 dpi. This relative
di splacenent is referred to herein as a "mcrostep."” If the scanning device

has noved during the tine, period between acquiring,56 the 35 reference .
frame 62 and acqui M HM&M&@E ?‘Fvéhbfag@'? 'k‘ﬁghf’?”r descriped method can, il s
of the T-shapafirokiecd snvanted artefaectsintoshe reconsiraéted imagec particlariyat thé béginning of
Wi le the pre W’cmgt | ?rn&’ﬁe | | H Syoki fMAe 4l B0
that all ows a%ﬁ%‘ﬁxe anerrﬂr‘aél , & QWWE?F‘?&% regén}té tion of Fi .m8
i s one in whi ©htherimage incpementyvaccumylates gloge the lepgth o! &p“"&ﬁ'd‘“ ‘SWQW?‘B%?t
PCT/ GB96/ 0Q¢9 theldtart of & lnewrswatii. by one pi xel. The full-pixel shift is
assurmed here only to sinplify the

Another, preferred, embodiment of the present invention will now be described

with reference to Fig 16 and 17.

15 ‘Figure 16 shows the image increment buffer B and the rectilinear image buffer 100.
As in the embodiment described with respect to Figs. 13, 14 and 15, a feature location
buffer 131 is used to store position tags for registration features identified in Swath #1.
There is also a special image buffer 132 for storing image fragments from the buffer B as
will be described.

 Fig 17 again shows part of the image captured in Swath #1 being remapped by the
return pass, Swath #2. Registration tiles are indicated at 130. However, in this embodiment
there are two processing phases for stitching Swath #2 to Swath #1. The processing stages
in the first processing phase are as follows:

1. As in the embodiment described above, during collection of Swath #1, registration tiles
130 are periodically labeled along the lower edge of Swath #1 in the overlap area between
adjacent swaths and a small area of high-frequency contrast ( a "registration feature”) is

30 located within a registration tile forming part of the image being reconstructed in the
rectilinear image buffer 100 as a result of the capture of Swath #1.

2. The position tags of the registration features (which define the position of each
registration feature within the rectilinear image buffer 100) are saved in the feature
35 location buffer 131 prior to the start of the mapping of Swath #2.

3. As Swath #2 is mapped, registration feature locations are identified in advance of being
overwritten (later in phase 2) in the rectilinear image buffer 100 by Swath #2, This is



representation. Element 70 in Fig. 8 represents a sequential shifting of
the pixel values of _frane 5 68 | ntgQ tReegighi-—hReatest—nei ghbo ' -

is, step "0" does not include a shift, step "1" is a diagonal shift upward
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and correcti NG ntroduced t hrough the

15
5. The special image buffer 132 is used temporarily to store, directly from buffer B, a
rectinlinear image mapping of the image data of Swath #2 located around the selected
registration feature location as well as storing the registration feature location. In other
words, at time T, the image increment 138 shown in Fig 17 is mapped into the buffer 132.

20 ‘The size of the special image buffer 132 must be adequate to store the registration feature
plus the required search area, the size of which is calculated according to known error
estimation algorithms.

6. The image fragment from Swath #2 stored in the special image buffer 132 is then
25 compared with the corresponding image fragment stored at the registration feature location
in the rectilinear image buffer 100. In this way, an offset is obtained which, when
accumulated with the previous error estimate, gives an updated estimate of navigation
error. This updated estimate is stored in the error buffer 134 along with a position tag.

30 The position tag of the error estimate is simply the location, with respect to the
- rectilinear image buffer 100, of the centre of the current registration feature. It is used in
turn to determine the increment in the increment buffer B to which the error estimate
relates (i.e. the first increment corresponding to Swath #2 which maps to that image
location). This indicates the increment by which the measured estimate should be fully

35 accommodated.

In a second processing phase, the image data from Swath #2 is written into the
rectilinear image buffer 100 taking account of the error estimates at the recorded positions



design of the relevant optics determ ne the displacenents of the imaging
sensor as a scanning procedure progresses. 35 As previously noted,
the frame-to-frame correlations are referred to as "m crosteps," since
frame rates are chosen to be sufficiently high to ensure that the

di spl acenen{wodezmst exceed the dimension of a single pixel PCRAFBIOUY) i ng
can provi de sub-pi xel displacenent precision. Referring to Fig. 7, a
.determ nation 74 of whether a WO 96/ 2728

PCT/ GB96/ 00492 20 microstep is to be taken is made foll owi ng each
conputation 64 of the correlations. If a mcrostep is required, the
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Thi s separ at elof themayigationsensor trarellingthough theaveriep segignbetween swaths arg jdentified 5
subsequent selhé eoRéctaidfor defiré the Hruliniage! is dednsthitted. 3k bdition) e defwien itle

Get or m nat | on CAPUEEE PRERSETf 12 lbp Uil Bodl 6 63'R0e e il Berumulzed

di spl acenent s during: coliactipr 0 thecprevious swatk cambeabstbed 1t ones atthe deginping of the
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equi val ent discontinuity between the right hand edges of the turning point between Swath #1 and
Swath #2 derived from the first and second processing phases described above.

The present: invention may be implemented in different ways with regard to the

" -15 nature of scanning required. One alternative is to-require scanning to be carried out from
the top of a page to the bottom, in which case stitching need only ever be done between

the bottom of one swath and the top of the next. Another approach is to allow scanning

to start at any part of the page but to require the initial direction of scanning to be
maintained. In that case, there must be the capability to identify registration features on

20 both edges of swaths, but once the direction of scanning is established, error estimates
"~ need only be kept for one side of the current swath. In another approach, scanning may
be permitted in any direction and changes in scanning direction can also be accommodated

eg. a spiral scan. In this third approach, not only must there be the capability to identify
registration features on both edges of swaths, but error estimates must be kept for both the

25 top and bottom of each swath in case the direction of scanning should change. The latter
approach gives the greatest flexibility for the user but has a higher computing overhead.

In the preferred embodiment, the processing electronics for image reconstruction,

stitching and image management is contained within the housing that defines the scanning

30 device 10 of Fig. 1. Thus, the scanned image may be immediately presented at the image

display 16. ~However, the scanning device may contain memory to store the

position-tagged image data, but without processing and file management electronics and
firmware,

K ) As noted in reference to Fig. 3, the navigation and imaging sensors 22, 24 and 26
are preferably mounted on a pivoting member 20. In one embodiment, the pivoting -
member is connected to the remainder of the housing by at least one elastomer for which
one end of the elastomer is connected to the stationary portion of the housing and the



error of mmcrosteps is nferr] tines the error in a single mcrostep.

Al t hough the average_gf errors in m ncrostens—approaches—zere—as—m
i ncreases, the standard deviation in the average of errors grows as njerr]

Thus, it is advantageous to reduce the standard devi ati on of aCﬁ Iﬁt ed
error by usjweosémIes7ost eps having mas |large as practical, a8CTG t he 20
two frames that define a macrostep are not so far spaced from one anot her
that they have no significant region of codon image content. The sanpling
period dt does not have to be constant. The sanpling period nay be

determ ned as a function of previous neasurenents. One nethod that enploys
a 25 vari abl e atheriead isronpgnted te thepiveting memberoThe; eJpsiemerasts asadhiags. afhusnthy
k_eteﬁi ng thte _rqdigdti‘ng "s:pisacmme? t@e?wennmcg&shsgeofrﬁ{cgbmmxim Iw'ower,
within certain .JFonL. exa uppet, bound nmay, be aone-=pi xel ..

di spl acenent, %ﬁtﬁgﬁh‘?@ %5@?(5 @&ﬁ%"‘?‘@%ﬁ%@? F'Herfgﬁsoﬁilwﬁ{ﬂ%r it ﬂﬁhﬁ‘%cfgﬂded
consi der at i onsniondertte mininize electpragneticinterfarencei (theramethodsoof pivotally attaching
oyt hen be > phEpiviing HEabEFC b GEA 1648 g riémte!fs 4S1B64 B € Aeforyide
erbodi ment - pi e el ppste e Ring, <k, s, P ket e 89 eltThe sepatiog pie 10
recei ved by a excessiyelyi duringrimage saptu@0 I thip embodimienyy the: desigre ofiilluminatioh and
Figs. 7 and 8.gjfefedemdiid'muitoe Uh&rdasel 2ktBatidn. ONS, coordinates are
determned for the current position of the first navigation sensor 24
(X[err], 35 Y[err]) and for the current position of the second navigation
sensor 26 (M2, Y2).Whildithe thvedtiop has bleem descrjbed anditlustvateds ao ohey int which acplanar
transl ati onal [ Qi tis The t;ﬂrsfa : Vi @, st
be integrated tQ o ?%?ﬁﬁung%d,a sol (uht%{eEhg%l'tiignfaggtl mf’?%ﬁgn}g}%&gﬂ?‘ﬁ?({&dﬂy
account r ot at i ¥idersiand hows magy of the taﬁmﬂw may be wied, farntcapning thge-imeasippal

position V\Gnigés? 7 Hotvever, the preferred embodiment is one in which the image of interest is
PCT/ GB96/ 00492%grmed on a medium, such as a piece of paper, a transparency, or a photograph, and the
15 scanning device is in contact with the medium.




21 estimates to equivalents that correspond to the physical endpoints of
the i mage sensor rather than _the individual navigation sensors. This is
done using calibration data that relates the physical |ocations of the

navi gation and image sensors. The navigation processor 80 also receives N
pi xel val ueswwioerms?i magi ng sensor 22 via a pixel anmplifier PETICRIE0M42 5
anal og-to-digital converter 84. Although Fig. 9 shows only a single tap
fromthe i nage-senser—22—anda single AID c®hverter 84, nultiple taps, each

with an A/D converter are v hin the scope of the inve 7t
position coorTh'F g%ed at the ends of a I|nenm'g(’;%'kﬁgﬁE‘tEN
corresponds to m pi xel s within the inmaging nsQ ut put

86 of the naV| or 80 is thergfomgsa position-tagged data
stream 10 In Fig. 10a an increnment 88 of the data streamis shown as
havi ng position coordinate cells 90, 92, 94 and 96 at the opposite ends of
N pi xel cells, although this ordering is not essential. The position- tagged

data stream at gt QoD ,F,ggh arbokid
as shown in Fi x Petg g“ fe e{mﬁ@eﬂrﬁ\&gﬁﬁpltug g% fﬁﬁ 1N "Zalrren "%ﬁ
Fig 9. The buf P& 36&‘!5‘%&&?’&‘&%"91%?‘?&!“46‘&#’15?

data conpressi @cannuynhageusmihs Eberhpdahamnmgaievimmmmgrmigahommns for

co-ordinates t 4 | : hﬁﬂ? s A6 WL | 8,\‘&%
described. 20 qe&ﬂﬁ@'@i%ﬁﬁgﬁﬁéf e rec?cé mggg’l rragg“gﬁﬁggrk' Tg .
hei ght H pi xel SOBPIYR&t h W pi xel s, to which the streamof increnents 88 are
mapped to fA@mthe final rectilinear imge. A sinple two-dinensional array,

of appropriate gﬁglgﬁ éEP[raﬁae : j t
color or 1 bit Eh? O%P%Jeﬁgé%% r ﬁ@%&@?@n&?ﬁ o-ﬁ H@‘ gx athgmzédg

rectilinear imigee W%ﬂvmestm@s dRYigation he position tags associ at ed
with each 25 increment correspond to the horizontal and vertical dinensions

(colum and royg) ﬂg% %en‘ [ edtid %BﬁW??J corfBtaviARGH errbts Yirind RbbnsAhbtida"®

| oci of p03|t|ons own en arge
of the image.

2. A method according to claim 1 comprising:

20 '
identifying registration features in a first swath in an expected area of overlap with the next
swath to be collected;

comparing the positions of the registration features with the position of their reproductions
25 in the next swath using navigation data received during scanning;

using these comparisons to derive the error estimates.
30
3. A method according to claim 2 comprising:
deriving the error estimates by comparing the position of the registration features in the
first swath with the positions in the reconstructed image of their reproductions in the next

35 swath;

and using the error estimates to correct for navigation errors in parts of the image

subsequently being reconstructed.
O




in the scrap view for a short section, on the right) for each end point of
these a pair of increnents Irg;rén Dol and I ncrement #2) are highlighted
by j oi ni ng their posi TEgERcE Ba: Tagetrai ght 30 |ines. These argm5 hgsen as
al nost, i nt ammfﬁg inrl ﬂ r‘ gi on where the scan doUpl€ . on
i I

itself. The imging se ked ag, the scanni ng device noves

across an original. The clocking ensures tfat the fast | £y *msem of
the sensor sanples at |east once 35 per pixel displacefent? gé @t -
operation is to map the position-tagged i mage i ncrenent ' !

into the rectilinear inmage buffer 100. In one enbodi ment, the end points
(pi xel, and 4. XGn&bo®Z&ording to claim 3 comprising:

PCT/ GB96/ 00492 V 22 pixel,[err]) of the increnents are joined by a line.
Since the distance hetween each pixe| .of the inpagi ng sensor, 22 1is.fixed,
the physical fempermay sigring ipfopnationelating to the fegistration features ddentified ip the sty
One approach $wdthdet ermi ni ng the physical |ocations of each pixel is a

modi fication of the Bresenham Raster Line Technique. The nodification is
that because 5 the array of pixels in the imaging sensor is fixed, the line
| oop will be mapping the ndxhswath igto therecpnstrupied imageit he usual Bresenham
algorithmis one in which the nunber of iterations in the line loop is the

Por the noa 1 Paaptindofe irkd infornbagB wal frebfivaoR afing B f: iprodilns i e,
where nmax (Qerecapsiructed image af the registration featarssrin theynextsswath.so t hat the | oop
runs N tines. The follow ng

S. A method according to claim 2 comprising:

15 |
storing information relating to preliminary positions of the registration features in the next
swath;

calculating the error estimates based on the preliminary positions;

applying the error estimates during mapping of the next swath into the reconstructed
image.

6. A method according to claim 5 comprising:
storing information relating to the position of a registration feature in the first swath;
30 using said position information to locate a part of the image data from the next swath;

comparing the located part of the image data from the next swath with the registration
feature from the first swath in the reconstructed image;

35 using said comparison to derive an error estimate;

storing the error estimate and a position tag indicating to which part of the next swath the

error estimate relates;
A SRR




10 program el enent describes this al gorithm Load pi xel values with set
pi xel () using |ocatTom paiTs" (Xd ya) and (xb,yb) ofthe endpoi-nts of an
N-el enment array of pi 'i‘l'ﬁJSheeq a nodi fied Bresenhamline draw I S

al gorithmdeltax = xb dyb- ya; 20 |ncx— detax>0) -
(delta x <, WQ96/27287r | i +1 or -1 [err]/ inc yEET >0)
- (deltay < 0); delta nc[er x; I[err] “Eéfl?ﬁ es
[err]/ deltay *= inc y; 25x:xa y =ya, err = 0; k err%ﬁ?‘g EENd f or
(i =0; i <N i ++) { set pixel(i /2, x/ 2, vy 2); x

ylerr]Jerr + = delta y; 35 | f (x[err]err >=N) { xerr -= N, X +_ .
inc[err]x; applymg thie error estimate when the relevant part of the next swath is bemg mapped into

the reconstructed image.

7. A method according to any preceding claim comprising using the error estimates to
feedback corrections to the navigation device.

10
8. A method according to any precéding claim comprising means for identifying and
storing information regarding registration features on two opposed sides of the first swath.

15
9. A method according to claim 8 comprising calculating error estimates and using these
to correct navigation errors in respect of two opposed sides of a swath when reconstructing
an 1mage

20
10. A scanning device for implementing a method according to the present invention.

11. A scanning device for collecting image data and which is designed for interconnection
25 to a computer system for performing a method according to the present invention.

*+ € L M § *



WD 96/ 27257 PCT/ GB96/ 00492
23_0if (yerr >=N) { ylerrleryr -= N y 4z dnlerr]lY. 5 Thus, gi ven_two points
on a raster (xa, ya) and (xb, yb) whi ch are the end poi nts of an i nagi ng
increment of N pixels, the purpose is to find successively the points (Xx,

y) on the r aWNQ%228re each pixel is to be read. These poi ntREHERNOMBL best
approximation to a 10 straight Iine connecting the end points at a and b.
Take the differences in x and y. Fromthe sign of the distances between a
and b, determ ne whether x and y w || be remented or decremented as the
line is traversed. Start at x = xa, y Ytlﬁ th two error registers
x[err]Jerr and y[err]err set to zero and begin the | oop. Next, read the
value at (x, y) and wite it to the rectilinear imge buffer using set

pi xel 0. Gven a linear imge sensor with half 15 the resolution of the
navigation, use i/2, x/2, y/2 for th Mer in the sensor and the
posi‘tion in the recti nge buffe Ackeh, del X a ﬁ and delta y to the
respective error regi s est both erryr diers to see if t hey
exceed N. If so, subtr.ct:3EIZon1then1and change x\and/or 'y by the
increment. If an error egpe%er does_not—exeeed N, §¢ & to use the
current value of x or y.\ The-=protess continues—untiT\the | oop has run 20 N
times. As previously noté 1 : . 6, \n the case of
significant curvature of 1 device 10 during inmage

capture, one end of the i "Q-
D

ot her end, causing pixels &

Fig.1

Jp.r--—-Zl.
181 T
22
20—
i 26
Fig. 2
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25 oversanpled i.e. witten nore than once. This situation can be handl ed

by either_recording the nost recent_reading (for greyscales) or by

recording in a logical OR node (for binary inages) at a specific pixel

| ocation in inmage space. The rectilinear inmage buffer 100 is | arge enough
to accomodagwese2eshgl e | etter 30 sized or A4 sized page at m@‘g@%’?’uti on
of the linear sensor (typically either 200 or 300 dpi) The position and
orientation of the origin of the scan are assunmed to be known apriori.
Increnments which either partially or wholly map outside the i nage can be
wr apped (using nodulo arithnmetic with reigﬁgg to Wand Hfor X and Y
conponents respectively) around the hori | and vertical boundaries to
continue at the opposite side 35 of the rectilinear buffer. After
conpletion of the scan, the rectilinear inmge buffer nmenory 100 can be
rolled both horizontally and vertically.to centre the scanned region.

Provi ded that the scanned regi on does st her the overall height
or width of the rectilinear buffer imge wll be well
formed i ndependent of the init
PCT/ GB96/ 00492 24 starting posi Ngnnent, either the
scan nust begin at the assunegd 5 rS~Tarallel to the
side of the page) or orientg om tthe content of the
scan and be used to rﬁir'
determ ni ng the dom n&#t
as a basis for the latte
of Printed Docunents]

N . ' .

ﬁﬁ:stlon of text ade, which can be used 5

Tﬁgii\ i itepdture eg. wrhe Skew Angle
NN, =y 4Ch SPSE Conf erence Synposi um

on Hybrid | mge Systens, esDCANN 1987 Flg 3
26 :
‘
24
39
3 G —38
- \] 37

28 34

Fig.5 = P
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The next step is to stitch successive |nage swat hs within their region of
overlap in 10 accordance with the. preseni—dpnwenti.gn—The aimis-to—coenbine
mul tiple swaths within the buffer 100 containing a final rectified
reconstructed i mage. This should be done in such a way as-to identif and
correct. nosWOIATHE accunul at ed navigation error and to rradeual
error. 15 In the enbodi nents of the invention to be described, the
stream of navigation data provides the registration i nformati on needed for
stitching. Since the navigation signal ??gi to accunul ate error, it is
continually anmended by feeding back a cor BIOH signal derived from

anal ysis of feature offsets. 20 first we will describe a
met hod of stitching i mage swaths 't hat there are no navigation
errors. Sone area of overlap i i

swaths. Swaths are delimted|py a re t he scanni ng
devi ce back over a region of i phich a part has just been
scanned. A swath conprises thg i bd duri ng\a scanni ng sw pe
across an original being scanped. : i hg descripion, the term

swath' wll also sonetines b
reconstructed image fornmed fro
by the loci of endpoints of ing 11 generafes two

overl apping swaths. In Figure i he rectilinear

i mge buffer 100 that conprises - mapped on the
return by the portion of the scan . or r esponmnd ' math #2, with the
area of overlap 102 shown filled. At a.tlnE T, a partlal swat h has thus far

he part of} t he.

been scanned. Satisfactory stitching can bg achieved, in this case, by 35
sinply continuing to map Swath #2 to the rectilinear imge buffer 100 on
top ‘'of Swath #1. Returning to Figure 11 I ncrenent #2 can be mapped al ong
its whole Iength in just the sane—we ncredgnt #1 and simlarly for
each pixel in the region of oyérlap 102 in

O

A=l
i
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Figure 12. The final rendition in the rectilinear inmage buffer 100 that
resulted from Swath WO 96/ 27257
PCT/GB96/ 00492 25 #1 is sinply replaced with that resulting from Swath #2.
Equal Iy, a scheme in which pixels in the area of overlap 12@ &ﬁﬁﬂﬁﬁzas
part of Swatwo#gzresr e not replaced by those mapped by Swat % W al so
prove Satisfactory 5 provided that all pixels mapped by Swath #2 that are
not part of the overlap (i.e. are not al so mapped by Swath #1) are properly
mapped. That is to say, the region nmapped by Swath #1 is used to clip the
regi on mapped by Swath #2. In fact, providei13hat Swat h #1 and Swat h #2
correctly map all pixels that lie outside the overlap region, then the

pi xels in the overlap region can be obtained equally fromeither Swath #1
or Swath #2, or a 10 conbination. In practice, due to the accunul ati on of
errors between the position tags of Swath #1 and Swath #2, this sinple
approach whi ch assunes no navigation errors does not give very good
results. 15 A first enbodi nent of the present invention will now be
described with reference to Figs 13 and 14. Figure 13 indicates the
processi ng stages and data buffers involved while Figure 14 relates to the
process utilised with respect to Swath #1 and Swath #2. The i t nt
data in the increment buffer B is mapped to the rectilinear imusrrelations0

100 as described previously. Figure |14 shows part of the inage Q}éged in
Swath #1 being re-mapped in thegecty| i Acguiradieterence 14o bm Teturn
pass, Swath #2. Frame 08
7 - 3
o ?
Shift Reference Acquire Sample -
Frame Frame
\ .
1 (%0
Compute Correlations

74

yes

microstep?

78

M Sample Frame

New Reference
Frame

Fig.7
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Navi gation correction is calculated by correlating features within the area
of —everH-ap—betweer—Swat-h—Hl—and—Swat-h-H2emdomr—————=Frig. 14 hi ghl i-ghts—t-hi-s
overlap area which is divided into two parts 104 and 105. As shown in Fig.
14, during caollection of Swath #1, quadrilateral inmage segnents hencef orth
cal | ed iregisYPAEFBN tiles") of which three (106, 108 and 11BCH|

I ndi cated) are periodically |abeled along the | ower edge of the svvath I n
the overlap area 105. On a |l ater pass (Swath #2) the overlap area 104 of
Swat h #2 above the area 105 containing the_30 registration tiles 106, 108
and 110 of Swath #1 is clipped, i.e. di scaﬁfe‘tB as Swat h #2 |s acqui red, by

not permtting tho frerof-fwat h (Writte eQ ration
tile 106 from Swat rEgTeted i Hism at HIEI'YIE‘JH'I’ #2,
after the overlaf? Tt peen—cf- -ttt -he nawbalE R Al ils
perfect, there wgl No 101756 be L oded] | on off L lEREREEE) til e
106 and the | ocakkEg¢n}o ay (1] e' s=rEeJcar iepe 35 Ep-Silaliais L Ybr e
reallstlcally, S nayijgdt jon err f X getunul &he " jod | ast
registration was griof . e} of g gl |pgT Tt app oft—-hi-4 tile
i n the two swaths produces a correction tactor ch i #e-updat e
future navigation positijon-tagsf assod OfW girthe i nagq sy p-ﬁder to
mnimze the totgla llaf e w T 43 I
PCT/ GB96/ 00492 2Q-¢I EEEZEENItNiE Wt JEERTT aCEumul oL et -4 he
navi gation data i@ sasdled | rom gDqWESBESEEEERAT OF t hatgtiiEmamees an
obvi ous distortieA{i 1 He lr égl oh wherle{t S S| over LA pTO—fEae™
processi ng stage% oF _btli tichi h _q Swagh ki b ovagnf #2 wi T e s¢ri bed
Wwith CL[ a
aﬁ H ters
ol-m_| Q. SCHE &
O it Hi
£ & 3 \
N
S
\
i 4
LY
\“J s @)
0w .
N
(8
~7
L,
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reference to Figs 13 and 14. Figure 13 shows the image increnent buffer B
and the rectilinear jpmmage buffer 100 Eig-1 fon
buffer 113 and a feature buffer 114. The processing stages are as foll ows:
10 1. As nentioned above, during collection of Swath #1, registration
tiles (106, WwoSepmst 1 10) are periodically |abeled along t mage of
the swath in the overlap area 105. An entire registration tile could be
used for the correlation decribed above, but in the preferred enbodi nent a
smal | area of high-frequency contrast (henceforth called a "registration
feature") consisting of a rectangul ar tﬁme.g., 15 x 15 pi xels) of grey
scale image is 15 located within a regi ion tile formng part of the
i mge being reconstructed in the rectilinear inmage buffer 100 as a result
of the capture of Swath #1. 2. The pgsition tags of the registration
features (which define the position ch registration feature within the
rectilinear inmage buffer 100) are sa in the feature | ocation 20 buffer
113 prior to the start of the mappi ngeddd Swath #2 into the rectilinear
i mage buffer 100. 3. As Swath #2 is Waqﬁbd, registration feature | ocations
are identified in advance of being owgritten in the rectilinear inmage
buffer 100 by Swath #2. This is achi by defining 25 a rectangul ar
55

capture wi ndow 107, indicated in Fig. with a length equal to an inmage
increment and a width of a few pixel 3 mhich precedes the image increnent
of Swath #2 which is currently undergng mappi ng into the rectilinear
i mge buffer 100. When a registratio ature location stored in the
feature location buffer 1 13 falls withfn the capture wi ndow 107, the
registration feature location is sel ect gﬁly one registration feature 30
|l ocation nay be selected at any one ting). 4. The result of selecting a
feature | ocated at that

registration feature ation feature
i mge buffer 100R2iQli he feature, buffe§

(ie. the reglstratloH | ocation in the rectilinear
114. The feature buffer 114
tenporarily stores ajcopy of the

NAVIGATION

A’D

lr

4
Fig.9

82

227
ri

26
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N
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35 registration feature together with |ts posrtron tag. 5. After Swath #2

t he Iocatron (and a snall nerghbourrng area) of the registration feature, a
copy of which WO 96/ 27257

PCT/ GB96/ 0QAWD 97358 stored in the feature buffer 114, the ZERIGBACMMYEE the
feature buffer 114 and the newy witten part of the rectilinear imge
buffer 100 are conpared to produce a navigation correction signal, i.e. the
translation required to bring the two Vﬁﬁq fragnents into close
correspondence. 5 6. This correction signal is fed back to the navigation
processor 80 shown in Figure 9. In order to prevent obvious distortions in
the final representative inmage, the error estimate is applied gradually
i.e. the "position-tags" are nodified in small fixed nmagnitude steps as
each new row of linear sensor data is |oaded into nenory, until there has
been an 10 accounting for the entire error. VWile other correlation
approaches coul d be enpl oyed, an acceptabl e approach for cal cul ation of the
of fset between two inmage fragnents is a "sum of squared difference”
correlation. A small geagsh area jpg defined around the original |ocation of
the feature and 15_gco®¥et ation co Icients are determ ned by equation: 20
where Tij denotes _ée _s_(_:_alg\lz{ ues of Suath #1 and
I[err] denotes thexgre lg valddd of the
Swat h #2. | ndices'g and g={speci y%i xel | og
while k and | specrfy t magni t ude of the

from
ur es,

N
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proposed transl ational offset (constrained to remain within the search
space). The smallest elenment in the resuliing..correlation. array—denotes the
of fset between the two features. 25 The registration feature within the
registration tile is selected to nmaxim ze image variance, since this

i nproves t hvesseazsacy of the correlation nmethod. In one poSRATIGRICA0492
enbodi nent, only a subset of |ocations within the region is considered.
These | ocations 116, 118, 120, 122 and 124 are shown in Fig. 15 as lying

al ong the principal axes 126 and 30 128 of the registration tile (lines

j 0i ni ng opposite m dpoints of |ines that8¥ﬁ3ne the region) and are sanpl ed
at the intersection and hal fway between the intersection’'and each endpoint
of the axis. For each location 116, 118, 120, 122 and 124, the variance
VARK, is calculated using the equations: 35 SUMerr]=[err]ferr] I
[err][err] SUM2[err] = [err][err] (l[err] [err] [err])[err] WO 96/ 27257
PCT/ GB96/ 00492 28 VARK[err], = SUMRk[err] [err]/N - (SUWK[err]

){err]/Nerr] 5 1f navigation errors are relatively |arge, the above

descri bed nethod can still introduce unwanted artefacts into the
reconstructed i mage, particularly at the @glnnlng of swaths. This is
because the error between the calculated1 sitions of the top and bottom of
the image increnents accunul ates along the length of a swath and is at a
maxi mum at 1 t of a new swath.

Y Locus of End Point@\

 lIncrement#17
-

| Inaernent#\{\ >

/
Locus of End Point 1

?ectitineor
ma
f 8u 1‘fgre

Fig. 11
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Anot her, preferred, enbodinent of the present invention wll now be
described with reference to Fig 16 and 1 ZedGem Fi gure 16—sttows tThe
rmage Tncrenent buffer B and the rectilinear inmage buffer 100. As in the
enbodi ment described with respect to Figs. 13, 14 and 15, a featurﬁz

| ocation bgﬁag@?ﬂgg.is used to store position tags for regPS¥

featur'es idenfified in Swath #1. There is also a special inmage buffer 132
for storing imge fragnments fromthe buffer B as will be described. 20 Fig
17 again shows part of the image captured in Swath #1 being remapped by the
return pass, Swath #2. Registration til egmg i ndi cated at 130. However, in
this enbodi nent there are two processing phases for stitching Swath #2 to
Swat h #1. The processing stages in the first processing phase are as
follows:. 25 1. As in the enbodi nent described above, during collection of
Swat h #1, registration tiles 130 are periodically |abeled along the |ower
edge of Swath #1 in the overlap area between adjacent swaths and a small
area of high-frequency contrast ( a "registration feature") is 30 | ocated
within a registration tile formng part of the inage being reconstructed in
the rectilinear inmage buffer 100 as a result of the capture of Swath #1. 2.
The position tags of the registration features (which define the position
of each registifatrton reatuare winin tne rectilinear rnage buiter 100) aFe
saved in the fdqature 35 |l ocation buffer 131 prior to the start of the
mappi ng of Swatlh #2. 3. As Swath #2 is mapped, registration feature

| ocations are ildentififéd rn advance of Dberng overwrt+tes—~later in phasgp 2) .
in the rectilinear inhge buffer 100 by Swath #2. This is

Swath #1

Swath#2 . 102

100

Fig. 12

SUBSTITUTE SHEET (RULE 26)



WD 96/ 27257

PCT/ GB96/ 00492 29 achij eved by defi ni ng—a—capts-e—w-redow 133 whi ch—prectedes
the 1Tmage i ncrenent 138 of Swath #2 which is some way ahead of the inmage

i ncrement 139 which is currently undergoing mapping into the rectilinear

i mage buff ewpbfresy\s a registration feature Iocation st or eBCFEBIMR. 5t yr e
| ocation bdffer 131 falls within the capture w ndow 133, the 5
registration feature location is selected (only one registration feature

| ocation may be selected at any one ti ﬁﬁ The sel ected registration
feature location is used to define the L cted location of the

regi stration feature when Swath #2 is mapped into the rectilinear
buffer 100. 10 NayRgation errors found with respect to previous
regi stration featunes are taken account of by using the current error
estimate (stored irfan error buffer 134) to predict the |ocation of the

current regist ”“m il |\m“m”,Hﬁmsearch area used to locate the
MIM‘\ﬂ | I
i

current regist wm“”wmnvm“ ’ i | yirveremarset eBufferto account for
the possible e \h ‘ i I 1” 'H uhecial i mage buffer 132 is used
temporarily to W d‘ d“y , ‘M H f B, a rectinlinear inage napping
of the inmage dv”W” il “ ”” ‘M* ”~[-” ind the selected registration
feature location as well as s{eﬁrﬁg"rhe"regrsrratlon feature location. In

other words, at time T, thejimage |FMx;hcmt[njazshomn in Fig 17 is mapped

| mage

;

into the buffer 132. f F of the speC|aI'|nage buffer 132 nust be
adequate to store thelr S ]l search area,
the size of which is da 3 a cor di o] knoWn error esfinmation

al gorithns. 6. The i mage_fEan ferB lﬁZ stored in the special inmage
buffer 132 is then

Compare Rectilinear
Image with Feature

Identify & Copy
Next Feature

Feature-
Buffer

Feature
Location
Buffer

Rectilinear Image Buffer

100

Fig. 13
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25" conpared with the corresponding i mage fragnent stored at the
registration feature |l ocation in the rectllilealiage buffer 100 1n this —
way, an of fset is obtained which, when accunmul ated with the previous error
estimate, gives an updated estimate of navigation error. This updated

estimate i swosw2sk7in the error buffer 134 along with a posaiessseag2 30

The position tag of the error estimate is sinply the |ocation, with respect

to the rectilinear imge buffer 100, of the centre of the current

registration feature.- It is used in turn to determine the increnment in the
increment buffer B to which the error esy]jfBe rel ates (i.e. the first

increment corresponding to Swath #2 which maps to that inmage |ocation). :
This indicates the increment by which the neasured estimte should be fully

35 accommpdated. In a second processing phase, the inage data from Swath

#2 is witten i e i i
error estinmatesf at the recorded positions WO 96/ 27257
PCT/ GB96/ 00492 B0 so as to renove those errors fromthe final reconstruded

i mage. This is [done by ofe ion data associated with the
endpoi nts of the indiJiSwath#lge i ncrenments of Sensor date—s Thi s
preferred approach gijes inproved stitching becauggéerrors |n t hgt positijns
of the navigatijpn sendor traveII' 0 through the overl :f ween

swat hs are identified d
reconstructed. {n addi of thg
top and bottomiof theli ing
col l ection of the prey SRS gi nni ng
of the g

- - = o

\

107

104 * Fig. 14

122 | [
16 -
126 } 18 ‘120
' 124 :
l/- }
128
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10 next swath w thout introducing unmanted artefacts This is indicated in
Fiegr—iF—hy—t-ho—di-seantnui ty _bet ween.t-ho—tri-ght—hand edges of the turning
poi nt between Swath #1 and Swath #2 derived fromthe first and second
processi ng phases descri bed above. The present invention may be inpl enented
in differentWoReR728Tth regard to the 15 nature of scanni ng PEUGBIE4920ne
alternative is to-require scanning to be carried out fromthe top of a page
to the bottom in which case stitching need only ever be done between the
‘bottom of one swath and the top of the ne“% not her approach is to allow
scanning to start at any part f the page Lg to require the initial
direction of scanning to be ugi:ined. In that case, there nust be the

capability to identify registratN on features on 20 both edges of swaths,

but once the directi on of scanni S establ [ shed error esti nat es need

only be kept for one side of [‘HM [U” L *““; “'“i“ 1 approac

scanning may be permitted in & ll“ e ”m ’ ] i | megt’
direction can al so be accomodi ﬁ’ 4 , N | ‘« Bhutternird
approach, not only nust there "” Mh | | ’ul m\ fy regl stration
features on both edges of swaths Mhﬁ;g estl mat St kept for both
the 25 top and bottom of each swat'h e the diregth scanni ng

shoul d change. The latter approa¢h gives the greatesfy flexibility for the
user but has a higher conputi ng pverhead. In the prejerred enbodi mant t he
processing el ectronics forj reconstructi Q‘ sti 3
managenent is contained w jhin the housing t defi nes
device 10 of Fig. 1 H Re—sepnned i mage Jmay be inmredi'e
at the image displa lige@ver| the
to store the p05|t|nyi1ﬁmelma e
managenent el ect r onj cH¥IQRPING: e. Ot ¢ d in refq
Fig. 3, the navigation andfi magr ng sens&ﬁmﬁuﬁeﬁnd 26 are MARDING

nmounted on a pi ing nmembgr 20. 1 n one enbodiment, tlhe pivot)ng ne

connected to the Aemai ndergof the housing by at Ieast one el ast oner
whi ch :
° e ‘
S E
Compare Feature |i
with Image Buffer |i
:
i
= j
EEEERE e
HEHEEE .:a§§,s HE Lo
—
Identify
Next Feature
Image
Buffer
| Feature
_— 1 Location
Rectilinear Image Butfer " Buffer

131

Fig. 16
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one end of the elastomer is connected to the stationary portion of the
hausing and the .. 0O 96/27257 :

PCT/ GB96/ 0492 31 other end is connected to the pivoting nmenber. The

el astoner acts as a hinge. Thus, the pivoting portion is allowed to "float"
wi t hout, t heW®S62®S?7fricti onal el enents. Power, control and R¢IGBISHMAT| s nay
be conducted to the sensors via flex cables that are shielded in order to
mnimze el ectromagnetic interference. O her nmethods of pivotally attaching
5 the pivoting nmenber can be used. If the pivoting nenber is deleted and
the sensors are in a fixed position onsstﬁiousi ng, care nust be taken no
to tilt the scanning device 10 excessivel'y'<iluring i mage capture. In this

enbodi ment, the design of illum nation and optical el enents nust be given
i ncreased attention. 10 Whil e the invention has been described and
illustrated as one in which a planar original is scanned, this is not

critical. In fact, persons skilled in the art will readily understand how

many of the techniques may be used for scanning three-dinmensional inmages.
However, the preferred enbodinment is one in which the inmage of interest is
formed on a nmedium such as a piece of paper, a transparency, or a '
phot ograph, and the 15 scanning device js jn contact with the medium 20 25

Selected ' 130

Feature \.-- / \ \

-
"~~~
e amal
/

. 7
| | “uy N R . —

Fig.17
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ana : — AN S
Sz;rb\'lt 2/501iL a'rA]\ E)r‘r:"lt ﬁﬁ’ﬂCE%ﬁJ T ng L;C?el at i \C/e %veg‘(?% %:,a%gg‘%ﬁgl ng

devi ce and the jorfi ginal Tmagé 3$ofthat adjacent scann

overlap, the sqanni pg @ggi 997¢ ppri sing navi gati on neans for determ ning
the position off #the scanning device 32| atSubstitotet sieeatr-i Y5 ugustalR97t he

met hod conpri sifng—wit+rg—a~Hrt swath into the reconstructed i mage and
defining regisfration features ih thedigsmsswath in an expected area of
overlap with a next swath to pbe collected; mapping and subsequently witing
a second swath progressively into the reconstructed inage, conprising '

utilising }h_grd eofg %ﬁ, %ﬂs&d Bxpﬁnzf?r\é‘ﬁro'n?ﬁﬁﬁﬂég Bf Asrigiial il Gee

v, gt on oy r e-\9e g imiuco%gﬁ? 248 e bRl o g
with the p&)% g[rsg F‘ 1?19“:5 @Hﬂﬁg EH{ t§° cans
navi gati on°d gmrne ? 98%“%? sg% ﬂ"a"%?nﬁ sf ﬁ‘b *hEISPY dma e%’tlﬁ ethod

“derived frfWRHEZ conparisons continually to correct navigation errors
~during progressive reconstruction of the image;_ wherein each said error
estimat e | YRS g gWaPdaPAhe speonyTHEChinge an definingsag fonieataren n gre firste
rel evant p$wath &t an prpesied 6rrd of Waeriepi witoa npves stediondercoliectad;i mage. 2. A net hod
according to claim1l1l, wherein each said registration feature is an area of
hi gh- fr eqoepming emdmnbsﬂquendvtvmmneaa suedrswath pragressivetdinecihie retiongirictedcinmigen 1
or cl ai m 2canpgiring brildsing therimage darh obuided dront eleadvierigping péreione gf gierfasi aml
features i seeoid $watith inrorddreo Heriwe susydsibe estinditestof nyvifarivim dreorrtycovniating tied

i mage; usi pesitidis oftie eehiduration fRdnire with tBd baditiors 6f el refrodeions it 2. sedond”
net hod accewgth RGintha¢igation Sarg eddeives difing §dagfinB And Qi¢ MR dredt dstiindiek derivéd t he
posi tion Ofom hEdk Sédrﬁﬁdri%@nsf RBAHuRILY Neot Bgerkdr ﬁiv@a\ﬁ%ﬁ érrors during progressive

reconstruction of the image;

wherein each said error estimate is provided spatially in advance of a subsequent wrmnc of the
relevant part of the second swath into the reconstructed image.

2. A method according to claim 1, wherein each said registration feature is an area of high-
frequency contrast within a swath.
3. A method according to claim 1 or claim 2 comprising:

storing information relating to the registration features identified in the first swath separately
from the reconstructed image;

using the stored information to obtain said error estimates.

4. A method according to claim 3 comprising:
storing information relating to the position of a registration feature in the first swath;
using said position information to locate a part of the image data from the second swath;

comparing the located part of the image data from the next swath with the registration feature
from the first swath:

using said comparison to derive an error estimate;

storing the error estimate and a position tag indicating to which part of the second swath the
error estimate relates;

* [ L L] S *




using said position information to |locate a part of the imge data fromthe
setond swat'h; conparing the |ocated part of the imge data fromthe next
swath with the registration feature fromthe first swath: using said
conparison to derive an error estimate; storing the error estimate and a
position tag indicating to which part ofaf heggesay t

estimate rel ates; 33 Substitute shfesgt es,§1,5 Aug%?p@%gﬁ%:ﬁ‘g%jlg{nég?k
error esti mate when the rel evant part of the second swath is subsequently

Wi tten i nhgoiling thee&rPotEofitibet Sheh HRYElevant gﬁt FEhE OcloRE 61 tR i\ EhbbQueh) Wriften

conpri si ng;gh re;:&gu.%@g)ﬂgg d ocating the part of the inage data fromthe
second swath, storing the part of the imge data fromthe second swath

separately fromthe reconstructed i mge. 6. A nmethod as clained in any

precedi ng ¢l aj erel . the step of Qarre t] aQr.s. I s
ol ement e§ %g%eg* %ﬂf peielith & Fishs Sfity ﬁfftsaeﬁﬁ&ﬂq‘%]%?gs%ﬁéE*me&aﬁ%n
of the im ?{ g; @efm{/‘ | ijagg dpma 50 £q0g;

usi ng the é?%?‘elé‘ ‘?‘Pré’iee"sec?lﬁ E‘H -corrections to the navigation deV| ce.
8. A nethod according to any preceding claimconprising neans for
identifying and storing information regarding registration features on two
opposed si desA afethadeasiclairged imeay preceding'claipt, dérein the si$p 10§ comecting ithe Mvigation
conpri si ng ecrs isl mplemgented ncremsntatintbesvearn dregisiratipnt fagturestio recanswudtion of the
navi gati onimegeors in respect of two opposed sides of a swath when
reconstructing an i mage.

7. A method according to any of claims 1 to 6 comprising using the error estimates to feedback
corrections to the navigation device.

8. A method according to any preceding claim comprising means for identifying and storing
information regarding registration features on two opposed sides of the first swath.

9. A method according to claim 8 comprising calculating error estimates and using these to
correct navigation errors in respect of two opposed sides of a swath when reconstructing an
image.

10. A scanning device for implementing a method according to the present invention..

11. A scanning device for collecting image data and which is designed for interconnection to
a computer system for performing a method according to the present invention.
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'lO A scanni ng device for inplenenting a nethod quIQ %gacl ne 5esent
1 nwention—1ll —A-scarni-rg—device for colhestirg—i-rage dat a and-wheh—s———

desr'gned for interconnection to a conputer system _gs-pedép{/m.ng a met hod
according to the present invention. REPLACEMENT A
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(57) Abstract

‘The present invention relates to a method
of reconstructing an image from scanned parts of
an original image obtained by relative movement
between a scanning device and the original image
so that adjacent scanned image swaths overlap.
The scanning device comprises navigation means
for determining the position of the scanning device -
relative to the original image. Navigation corrections
are calculated by correlating features within the area 18
of overlap between adjacent swaths.




