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The single view microscope is tiring to use and unproductive because there is often
detail beyond the field of view that must be checked by combinations of lateral
displacement of the sample stage and zooming out with the optics. A monitor type
display allows the operator to view the scene alongside the microscope view but
the regions of interest are too small to be seen by the unaided eye in most
applications.

Muiltiple cameras may help but require the -operator to switch attention between
multiple screens or io manually select views. Multiple views can cause spatial
disorientation and require some skill in mental rotation of images. With cluttered
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object for real-time video output, the system comprising:

a first image capture device to obtain a first view of the object;

a second image capture device to obtain a second view of the object that is
different from the first view; and

a warping module to warp the first view using a homography between the
first and second views such that the shape and position of the first view matches
the second view;

wherein the warped first view is overlaid on the second view by applying a
conditional copy using a mask calculated by the homography.

The object may be at least partially occluded by another object.

The transformation may be obtained by solving the interimage motion and
constructing a mosaic. The transformation may be an.homography.
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The image capture device may be an image digitiser or frame grabber. The first
image capture device may capture an image via a microscope. The copy may be a
conditional copy. When the warping introduces a parallax disparity, a shadow of
the object may be used to resolve the parallax disparity.

The present invention provides a method so that an operator of a microscope can
visualize the view provided by a microscope with respect to the 3D surrounding
structure and environment; e.g. the extended sample and application tools. The
present invention fuses the visual data from multiple images taken from multiple
viewpoints onto a single viewpoint. This enables the operator to view and control
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Figure 1 is a perspective view of a work zone (marked by the large ‘X') that is

partially occluded by microscope lens housing;

Figure 2 is a view of the work zone of Figure 1 seen through microscope optics;
Figure 3 illustrates a preferred embodiment of the present invention where a first
image of Figure 1 is digitally zoomed and a second image of Figure 2 is projected
onto its corresponding location in a new image, and the new image is overlaid on
the first image to provide a view through the occluding structure of the microscope
lens housing; '

Figure 4 is a process flow diagram for image superimposition;
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Preferably, the second image 30 from a microscope viewpoint is captured and
projected onto the first image 20 taken from a different viewpoint. The first image
20 has a wider field of view and is at an oblique angle to the second image 30. The
advantage of this projection is that the operator can then see the detail provided by
the microscope 7 in the context of the wider scene which may also contain
structures in 3D space, and structures that obscure the view to the ROI. A method
for implementing this projection is provided. A method is also provided for solving
the coordinate transformations which is required to produce an accurate projection
of data, despite the restricted correspondence between two views 20, 30 of
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Alternatively, a frame grabber that is capable of capture from two or more image
capturing sources, preferably substantially simultaneous capture, may be used.
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produce the effect of a digital zoom on the ROl. The ROl may be determined so
that it is centered over the location of the microscope view 30. The microscope

view 30 is transformed so that it matches the perspective view 20. The microscope
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view 40; it is performed almost instantaneously as the zooming is digital.

In Figure 7, two cameras 21, 31 are viewing a plane 4 from two different views 20,
30. There is a one-to-one correspondence between features on the plane 4 and
features on the image plane 8. Therefore, there is a one-to-one correspondence
between the features appearing in the two image planes 8. The physical plane 4
induces a homographic correspondence between the two images (a 2D
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anbi énwithclarydi diffeperges in scale between the two views, the calibration will be
highly sensitive to measurement errors.

In a preferred embodiment, there is no reliance on explicit calibration. A robust
implicit calibration is achieved by tracking motion of microscope images 30, solving
the inter-image motion and creating a mosaic image 60. The use of the mosaic 60
enables correspondence to be found between views taken at different scales. This
function is automatic and can be performed whilst the system is in normal and

continuous use.
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General motion is allowable when forming a mosaic 60. This means that the motion
parameters do not have to be controlled with high precision and that the sample
could even be moved manually by the operator. The motion of the view frame
relative to the sample is quite general. Inter-image tracking algorithms solve the
motion parameters which then lead to a reconstruction of the mosaic 60.
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Hu™ is an isometry (or scaled Euclidean transformation) and takes the mosaic
coordinates to the model space 65,
Hp" is a projective transformation that projects the model 65 onto the perspective
view coordinate system,
Hd is a translation to account for the change of origin in the digital zoom,
Hs is the scaling factor of the digital zoom.
H;_-pLI is the matrix transformation that takes a feature in any microscope image 30
to its correct position in the corresponding zoomed perspective view 20.
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i s capabl e of operating with changes in focus or

o el B sty B el e il oo
motion transformations. For example, it can be used for input for navigation for
touch screen systems, and mouse control, as image coordinates are sufficient.. If
the microscope is a zooming X-ray apparatus, the method and system may be
used for semiconductor device error detection.

It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the invention as shown in the specific embodiments
without departing from the scope or spirit of the invention as broadly described.
The present embodiments are, therefore, to be considered in all respects
illustrative and not restrictive.
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nmet hod and system nay be used for notion control as it

is able to resolve notion traksformations. For

exanple, it can be used for input for navigation for

touch screen systenms, and nouse control, as inage

coor tHE®LAMM:ar e sufficient.. If the mcroscope is a
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used for sem conductor device error detection. It wll
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t he Se Vi ew |
overP%Iude%Wqﬂ?@eé@&%d vi ew by appl ying a copy using a
mask cal cul ated by the transf ormation. 2. The nethod

aCCO£ di ng Ilie m%éhgd acqgrdmgn t lm'? 1t erg ?Jtr?eg&an?%rrﬁétlo% &3 (g)ttamed

partlally occ e 'ob

ac c obyiolvinattiee iplenimage momBareucnnqtrneﬂngraam@ﬁer mation is

obt ai ned by sol vi ng the i nter-inmge notion and
constructjing a,ngsaic. The thod according tq .
cladn 1. SO, FESEPE or YRRt SRPFC TR FRRGEPaRRyS =0
5. Thenagetphpd according to claim4, wherein the

honogr aphy is obtained by the equation: H Z u P where

Hhos
5. The method according to claim 4, wherein the homagraphy is obtained by

the equation: Hy,=H H H)YH" HY

mos !

where Hpos is a simple translation to

™% is an

account for any offset of the reference frame origin in the mosaic, Hu
isometry or scaled Euclidean transformation and takes the mosaic coordinates to a
model space, He' is a projective transformation that projects the model onto the
perspective view coordinate system, Hd is a translation to account for the change
of origin in a digital zoom, Hs is the scaling factor of a digital zoom, and Hzpu is the
matrix transformation that takes a feature in the first image tfo its correct position in

the second image.

6. The method according to claim 3, wherein the inter-image motion is solved
by using at least one predetermined inter-image tracking algorithm.

7. The method according to claim 3, wherein the mosaic is constructed with
reference to a predetermined time instant, the method further comprising:
determining a transformation that takes the mosaic to a model space;
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angle fromthe first view 14. The nethod accordingly
to claim1, wherein the copy is a conditional copy.

15. The nBrehoethacasoerdingly totaleir [1avimrdin thetvepyeis a corditionsliigepy.
war pi ng i ntroduces a

15. The method according to claim 1, wherein when the warping introduces a

parallax disparity, a shadow of the object is used for resolving the parallax
disparity.

16. A system for obtaining multiple views of an object for real-time video
output, the system comprising:

a first image capture device for obtaining a first view of the object;

a second image capture device for obtaining a second view of the object,
the second view being different to the first view; and

a warping module for warping the first view using a transformation between
the first and second views such that the shape and position of the first view
matches the second view;



paral | ax disparity, a shadow of the object is used for

resolving the parallax disparity. 16. A systemfor
wo@bkioaieidny nultiple views of an object for reaPCT/BGE06/000041

vi deo out put, the systemconprising: a first inmage

capture device for obtaining & first view of the

obj ect; a second inmage capture device for obtaining a

second vi ew of the object, the second view being

di f f er ent whereinitke Wanped firsli viaw is ahld t@bsvavepiaid @n nitokécendf vigw by

war plpiitdWodp isthg ¥ itk dhidulikqdy WARSLBIMERLL 0N bet ween

the first and second vi ews sucl}{ that the s ape and

position of the first view matches the second view,

wher é7.n t fibe wyataoestcbiding tto cloihiawei whetbih ehetidafecapiuy Jiezicd is an

on t plying a copy using a nas

cal c%gtéggﬁfg%% rgw? %R%?'or mation. 17. The system

according to claim 16, wherein the inage capture

devi ¢& i SThesystangacodidigtts SRIm 06, e theoBRBEE at ib8st pERBIly

syst rdi | aim 16, wherein the object is at
Ieastgéap@%?%%(&%{)é@?cﬁded by anot her object. 19. The

system according to claim 16, wherein the

transd.or makd atehSad2bridmb AeHlaiRy 165 MhileRdnd tﬂ%s.\'d%iﬁrohii%ned
e system

not i nd .constructing a nosaic. . 20. Th

accor%oﬁ'@ngttﬁe 'Eﬁagl'qﬁgigfog%%'\d&ﬂwf‘ﬁt@gtar%‘?%‘f’or mation is

an honography. 2 1. The system according to cl ai m 20,
uhergy.n AR BERMITRBRING So AR BCdrR BR h@fn i

z u @,H sHdH Hn H mlaéo% “Whet e HTDS U F%écf}trs%ﬁgllgan
tran9™M9%AYt o account for any offset of the reference

frame origin in the nosaic, HVWDs is an isonetry or
scal gd Eugld dea r i |
coor di nat es été'o g Jrcrgég@ﬁé {sz)péf!\i:ﬁé ,28’&5%% @gg‘gﬁ?é{?@‘é?? ?Q/bgé'ﬁed by
t r antbé enwatibn:of ;} K AL H)H| BEY BCL hehere dbl.’ ek Ginighetransiation to
per spective view cogrdinate system Hd is a

t r arSPAN N 3 e Hhe FelprencRdagteatrig in the mosaic, Hy™ is an

isometry or scaled Euclidean transformation and takes the mosaic coordinates to a
model space, Ho" is a projective transformation that projects the model onto the
perspective view coordinate system, Hd is a translation to account for the change
of origin in a digital zoom, Hs is the scaling factor of a digital zoom, and Hge' is the
matrix transformation that takes a feature in the first image to its correct position in
the second image.

22. The system according to claim 19, wherein the inter-image motion is
solved by using at least one predetermined inter-image tracking algorithm.

23. The system according to claim 19, wherein the mosaic is constructed with
reference to a predetermined time instant, the system further comprising:
determining the transformation that takes the mosaic to a model space;
recovering the transformation from the model space to the second view;
and
determining the transformation from the first view to the second view for
the predetermined time instant.



of originin a digital zoom Hs is the scaling factor
of a digital zoom and HzpUis the matrix

wo e@ngbooiat i on that takes a feature in the fiPGI/SGIMEGE00041

to its correct position in tha second i mage. 22. The
system according to cl aim 19, Wherein the i nter-inmge
nmotion is solved by using at | east one predeterm ned
inter-image tracking algorithm 23. The system

accorZdi ng The systgmmad®@rdingh & elaim t33e wheesin dhe snodel space is a
ConstprddeteRfindd hétel 61 LhEdFRatliOcratld FSE I3 sEEIMa ich! M
instant, the system further conprising: determning

the transformation that takes the nosaic to a node
spaceés. r edbveystengadcheiingrtacisimadmeberein tert@nsfoiretioroiced the first
SpacgiehQo Hﬁ%e%ﬁc\’/f&% er' A reARE iR ‘%Fn@lﬁgteﬁlg lstda%rml ed by matrix
transformation fromthe First Viewto the Second view
for CHBPIHBRet ermined time instant.24. The system
according to claim23, wherein the nodel space is a
predegger .

Phe- 22oond s Pait S0y o, hithln g sELRELER L8y
wherein the transformation fromthe first viewto the

3ecomt_ Vi ame f gstetrh excpsr@if@t o1 blbife et | ﬂ]%di:n%nﬁki?klnb Scoordinate
ete c [ e system

oo ol Bepdh (TR Sios SRET ebdrf 08 Becoliet cun 1 s
zooned. 27. The system according to claim26, further

C onpas Si nqné: agre@h &s%bﬁlmb rt@5|§|frpf5"f%ér@’ﬂ thelsdaanti@y IsBtained at
ef f ect 4?g$hﬁ1g §econ view. 28. The system
acco?ﬁ? 8“?%1 E5 W#brein the second viewis

obtai ned at an oblique angle fromthe first view 29.

The syst e“i“h@%@nﬁé&grd‘n@ 1§ bidiM el Ynetheh& kit infige Chltdt device
[ mgB@%g%ure deV| ce captures an | mage via a

mcr an iggoe vis 8 MGRICARA- according to cl ai m 16,
wherein the copy is a conditional copy. 31. The system

accoggi ngrho [ L OGChie:
STl o IS MR GG ot co
object is used for resoIV|ng t he parallax di sparity.

32. Fhe synd gmeacaesding® &l@mqltsa»ivmras wh&cﬁlﬁlb@\iafbi@ intrcasds a

one e sSecon | { n

obl i g{lrgl agnd%pant? %h%% g é%\ chgteg l?seg fgr res Ivn%g tﬁe parallax
disparity.
32. The system according to claim 28, wherein at least one of the first view

and the second view is at an oblique angle to the object plane.



