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Specification 1. Title of Invention: METHOD FOR

AUTOVATI CALLY DETERM NI NG TRACKERS ALONG CONT, Dl UM

A T,
STORI NG PROGRAM FOR | MPLEMENTI NG THE SAME [OQ%JB O[I\Eiillgﬁngh i nvent i on]
The present invention relates to i nage processing and nore particularly
“to a technique for automatically determ ning control points or trackers
- along a contour of a desired region or object in g8 MAXMO8i spl ayed on a
Bsplay screen in order to extract the desired region or obj ect.
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ackground Art]

conposi ng and editing images are provided with an optional tool
detecting the contour of a particular

Specification
1. Title of Invention: METHOD FOR AUTOMATICALLY
DETERMINING TRACKERS ALONG CONTOUR AND STORAGE MEDIUM

STORING PROGRAM FOR IMPLEMENTING THE SAME

[(0001]
[Field of the invention]

The present invention relates to image processing
and more particularly to a technique for automatically
determining control points or trackers along a contour of
a desired region or objecﬁ in an image displayed on a
display screen in order to extract the desired region or
object.

[0602]
[Background Art]

Some “known image processing software programs for
composing and editing images are provided with an
optional tool for detecting the contour of a particular
region or object on an image in order to select the
particular region or object. Heretofore, this c¢ontour
detection has been generally performed by tracing the
contour by using a pointing device such as a mouse. The
contour trace using the pointing device is disclosed in

the following publications.

[ 0002]

Some known i mage processing software prograns for

for



regi on or object on an inmage in order to select ‘the particul ar region or
object. - Heretofore, this contour detecti on has been generally perforned
by tracing the contour by using a pointing device such as a nouse.

contour trace using the pointing device is disclosed in
publ i cati ons.

2 [ 0003] For

The

the foll ow ng

exanple, a nmethod for extracting a regio% Is disclosed in Japanese Patent
Publ i cati on No. 5-233810. The nethod conprises the steps of roughly
tracing a contour line of a region to be extracted in a displayed

" original i maggolop3gsi ng a pointing device to thereby specify a rough
contour line containing the contour line; <calculating an edge nmagnitude

for each pixel of ther adagigial, i4mefethddt R QU eHitRuUra | kBgiogetils
as an object to be del eted, each pi xel having the edge nagnitude equal

or less than giRiadeker r‘irﬂe@abﬁh€§30|ﬁ$te‘fﬁ: UBiLERRAE Y RENt &-233A0.
extraction pr ocessi ng until

The method comprises the steps of roughly traqlng a
contour line of a region to be extracted in a displayed
original image by using a pointing device to thereby
specify a rough contour line containing the contour line;
calculating an edge magnitude for qgch pixel of the
original image in the rough contour line; setting, as an
object to be deleted, each pixel having the edge
magnitude equal to or less than a predetermined threshold
value; applying center line extraction processing unti}
there remains no pixel that can be deleted; and while
increasing the threshold value, repeatedly applying the
center line extraction processing to the rough contour
line until a thin line having a line thickness of one
pixel is obtained as a.result of thinning, which is used
as the contour line.

{0004]

An apparatus for extracting the image is disclosed
in Japanese Patent Publication No. 6-325176. The
apparatus is provided with contour specifying means
comprising a pointing device for inputting line segments
crossing a contour line of a source image on an image

display; intersection detection means - for detecting

ng,

to



there,remains no pixel that can be deleted; and while increasing the
t hreshol d ‘'val ue, repeatedly applying the center |line extraction processing

to the rough contour line until a thin line having a |ine thickness of one
pi xel is obtained as a result of thinning, which is used as the contour
line. [0004] An apparatus for extracting the image is disclosed in
Japanese Patent Publication No. 6-325176. The apparatus is

provi ded with contour specifying nmeans conprising a pointing device for
inputting |ine segnents crossing a contour |line of a source inmage on an
image di spl aynténsecsbehsonotlet £gd i onineansgehtdet eapulged by the

3 I ntersections of the line segnents inputted by the pointing device-and
the contour | pagnoingheesous cend Mage; corbur iliher 8gcthensoupter imhyen

menory  for storing information about the intersections detected

by the an  intersection  information memory = for  storing
information about the intersections detected by the
intersection detection means; and polygonal contour line
forming means for forming a polygonal contour 1line
connecting the intersections corresponding to the
intersection information in the intersection information
memory.
[0005]

Another method for extracting a region is disclosed
in Japanese Patent Publication No. 8-77336. The method
comprises the steps of displaying, on display means, an
original image stored in storage means; specifying and
inputting a belt-like outer-edge region by pointing means
so0 as to contain a contour section being displayed:
calculating a difference between each pixel of the
original image in the outer-edge region and each of
adjacent pixels in a color space; and determining that a
partial image having a contour line connecting the pixels
having a maximum.difference is the region to be extracted
in the original image.

[0006]

[Problems to be solved by the invention]



i.ntersection detection neans; and pol ygonal contour line form ng neans for
formng a polygonal contour line connecting the intersections
corresponding to the intersection information in the intersection
information nmenory. [0005] Anot her net hod for extracting a region
is disclosed in Japanese Patent Publication No. 8-77336. The nethod
conprises the steps of displaying, on di'splay neans, an original inmage
stored in storage nmeans; specifying and inputting a belt-Ilike outer-edge
region by pointing neans so as to contain a contour section being

* displayed; cal cul attngsa diiffiengncerbet wpemneashipiixelseef tdetroeéginal
image in the outer-edge region and each of adjacent pixels in a color

space; and detghfbiknent BakcRecBabll dlsindBge PRAKLRERA60NEQUELERNES &
connecting the pixels having a maximum différence is the region to be

extracted inpbhgeori gimal usBRIas [Q908] enkPr QRleq® J&/die 150k ¥eds byt he
i nventi on]
slowly trace the contour in order to correctly trace the
contour.
[0007]

It is therefore an object of the present invention
to provide a method capable of eaéily detecting a contour
of a region or object to be extracted in an image without
the need to trace the contour.

[0008]

It is another object of the present invention to
provide a computer readable storage medium which stores a
program for implementing the method.

[0009]
[Means for solving the problems]

Accoxrding to a first aspect of the present
invention, there is provided a method for automatically
determining trackers along a contour of a particular
object in a displayed image, comprising the steps of:

establishing an initial region containing the
particular object therein and setting a plurality of

initial points on a boundary of the initial region;



4 s It is difficult for an unskilled user to trace a contour on a
screen by using a pointing device such as a nouse. The user has to either
retry several tinmes or slowy trace the contour in order to correctly
trace the contour. [0007] It is therefore an object of the present
i nvention to provide a nethod capable ff easily detecting a contour of a
rLegion or object to be extracted in an 1nage without the need to trace the
contour. [0008] It is another object of the present invention to
. provide a conputer readabl e storage nedi um which stores a programfor

i+ npl ementing the neshbttiing[ 8088 gefMpanatf dorsskanngnghehpr abkgesjfrom
According to a first aspect of the present invention, there is provided a
nmet hod for auearht b€dakhy pdeteimtpi of inackey painy tawasd dhe dhsade
particular object in a displayed i mage, conprising the steps of:

of the initial region;

selecting one or more tracker candidate points
along a line segment between each of the plurality of
initial points and the target point, based on the
magnitude of the contour; and |

determining a set of tracker candidate points which
minimizes a cost, by using dynamic programming, starting
from a selected initial point among the plurality of
initial points.

[0010]

According to a second aspect of the present
invention, there is provided a computer readable storage
medium storing a program for implementing a method for
automatically determining trackers along a contour of a
particular object in a displayéed image, said program
comprising:

program code means for establishing an  initial
region containing the particular object therein and
setting a plurality of initial points on a boundary of
the initial region;

program code means for setting a target point for

scanning the image from each of the plurality of initial

points toward the inside of the initial region;



est abl.i shi ng

regi on;
for scanning
t he inside

5 setting a target point
the image from each of the plurality of initial points toward
of the initial region; sel ecting one or nore tracker
candi date points along a |ine segnent %etmeen each of the plurality of

2 . an initial region containing the particular object therein
and setting a plurality of initial points on a boundary of the initial

initial points and the target point, based on the nagnitude of the

contour; and

" AMinimzes a cost, byrégrag QYHRE Cnd¥ 9" Y NGel1¥Aitighg onkr OBra melect ed

determning a set of tracker candi date points which

initial point anong the plurality of initial points. [0010]

According to arsegend @asReatdf bhenPsesaihg iHValhieONsed@i€e betpeew ded a

conput er readable storage nediumstoring a programfor 1nplenenting a

net hod for

each of the plurality of initial points and the target
point, based on the magnitude of the contour; and

program code means for determining a set of tracker
candidate points which minimizes a cost, by using dynamic
programming, starting from a selected initial point among
the plurality of initial points.
[0011]

[Preferred embodiments of the invention]

Fig. 1 shows one example of an image processing
system capable og implementing the present invention.
This system may be a general-purpose computer system such
as a personal computer or an engineering workstation
which can execute appropriate image processing software
including a method of the present invention. In Fig. 1,
a system 1 comprises a central processing unit {(CPU) 10
such as PowerPC (PowerPC 1is a trademark of IBM
Corporation) or Pentium (Pentium is a trademark of Intel
Corporation), and wvarious components interconnected to
the CPU 10 through a system bus 12, As one of the
components, a read-only memory (ROM) 16 is connected to
the CPU 10 through the system bus 12. This includes a
basic input/output system (BIOS) for controlling basic

computer functions. In addition, a random access memory



automgtically determ ning trackers along a contour of a particular object
In a displayed i mage, said program conpri sing: program code neans
for establishing an initial region containing the particular object
therein and setting a plurality of initial points on a boundary of the

initial region; program code neansy for setting a target point for
scanning the image fromeach of the plurality of initial points toward the
inside of the initial region; program code neans for

selecting one or nore tracker candidate points along a |ine segnent
"~ petween each(RMit Hel pfunciiianing asniat malinpoiempsyanant hEOt adafeter pb¥nt |
based on the nmagnitude of the contour; and program code neans for
det ermi ni ng a& setebfinterkese adaplictat22 por ndsspiE L RGdaRten 2% andozn, by
usi ng dynam c programrng, starting froma selected initial point anong
optional communication adapter 30 are connected to the
system bus 12.
[0012]

Each of the above-described components 1is a
hardware component. The system 1 also includes software
components such as an application program 32 and an
operating system 34 which are executed by the CPU 10.
Theée software components (also including the program for
implementing the present method) are normally stored in a
disk storage unit 20 such as a hard disk drive connected
to the I/O adapter 18. The software components are
loaded from the disk storage unit 20 to the RAM 14, and
then executed. Image data to be processed in accordance
with the present invention is stored in the disk storage
unit 20 or any other storage medium not shown (CD-ROM,
etc.). The image data is read out therefrom to the RAM
14, and then processed by the CPU 10. The I/0 adapter 18
may be a small computer system interface (SCSI) adapter.
The optional communication adapter 30 connects the system
1l to an external network. For example, the communication
adapter 30 can be used to receive an 1image to be

processed from a remote location.

{00131



the plyurality of initial points. [0011] [Preferred enbodi ments of the
I nventi on] Fig. 1 shows one exanple of an inmage processing system
capabl e of inplenenting the present invention. This systemnay be a
general - pur pose conmputer system such as a personal conputer or an
engi neering workstation which can execuge appropriate i mage processing
software including a nethod of the present invention. In Fig. 1, a system
1 conprises a central processing unit (CPU 10 such as PowerPC (PowerPC
is a trademark of |IBM Corporation) or Pentium (Pentiumis a trademark
“eof Intel Corporati &ditdmhaldi, ousvassiponennputhteartigsine i aes  t &k CPU
10 through a system bus 12. As one of the conponents, a read-only nenory
(ROV) 16 is camrecieted do tiie GRSt thrsough thireughsthen basr 12nteThage
i ncludes a basic input/output system (BIOS) for controlling basic
conput er functadayster 122 addi ttihen  displayd @daptees 88 mendr geyboard 24 and
7
a mouse 26 are connected to the system bus 12 through the
user interface adapter 22. The display adapter 28
includes a frame buffer 36 which is a storage unit for
holding pixel information of the image displayed on a
screen of a display device 38. The pixel information,
which is read from the frame buffer 36, is transferred to
the display device 38 through a digital-to-analog
converter (not shown) and displayed on the screen of the
display device 38. A user can enter information into the
system 1 through the keyboard 24 or the mouse 26 and
output information from the system 1 through the display
device 38.
[0014]
The present invention is intended to position a
plurality of trackers along a contour of a desired object
in the image displayed on the screen of the display
device 38 in order to extract the desired object. Fig. 2
shows a schematic flow of the present invention. In
first step 200, a rough initial region 1is first
established which contains therein the object to be

extracted from the image displayed on the screen of the

display device 38, and a predetermined number of initial



(RAM 414 functioning as a main nmenory, an |/O adapter 18, a user interface
adapter 22, a display adapter 28 and an optional conmunication adapter 30
are connected to the systembus 12. . [0012] Each of the
above-descri bed conponents is a hardware conponent. The system 1 al so
i ncl udes software conponents such as ag)application program 32 and an
operating system 34 which are executed by the CPU 10. These software
conponents (also including the programfor inplenenting the present

nmet hod) are nornal |l tored in di sk storage unit 20 such as a hard disk
dri ve connect eBOlIE‘%gt ZE #ro §&QS‘Ferlmi:8al PRI&tSef Bk PITTHIONER On are

| oaded fron1th§ storage unit 20.to the RAM 14, and " then execut ed.

| mage data to %E%sggd PR éBéB%ﬁénEéngPth RhENOMGR ot TERTRBIIONOT 5
stored in the dISk storage _unit 20 or any other storage medi um not shown
(CD-ROM  etc. ‘)‘n FhelPHagel Hat¥sed raad Bt dmdtdplontesione FAM thits and
then processed b <%he CPU 10 The 1/0 adapter 18 may be a small conputer
systeminterfa ? ERENt additcer Prespat op’tr}‘fﬂi‘ézllo@on%rﬁm @f | 6RVEESPt eROBO

connects the si/stem 1 to an external network. For exanple,_the
conmuni cati on imited to thereto. In the case of a rectangular initial

region, it may be established by pressing a mouse button
at a desired point in the image (e.g., a position
corresponding to an ﬁpper left angle of the recfangle
which the user wants to establish),, diagonally dragging
while pressing and holding the mouse button, and
releasing the mouse button at a second desired point (a
position corresponding to a lower right angle of the
rectangle). An eiliptical initial region <can be
established by a similar operation. Commercially
available image processing software is provided with
drawing functions for such rectangles and ellipses which
the user may use. Although the established initial
region must contain therein the object which the user
wants to extract, a shape of the initial region can be
independent of the contour of the object. Therefore, the
user does not have to carefully trace the contour of the
object. The initial points on the boundary of the
initial region are determined as shown in Fig. 3. This
will be described later.

[0015]



adapter 30 can be used to receive an inmage to be processed froma renote
| ocation. [00131 8 Addi tional ly,

various input/output devices are connected to the systembus 12 through
the user interface adapter 22 and the display adapter 28. A keyboard 24
and a nouse 26 are connected to the sysyembus 12 through the user
I-nterface adapter 22. The display adapter 28 includes a frane
buffer 36 which is a storage unit for holding pixel information of the
i mge displayed on a screen of a display device 38. The pixel
i-nformation, whi cRfiter eadfedahammnedamantent @f Jqitial RARET retft o
the display device 38 through a digital-to-analog converter (not
shown) and didsgleaysichesh tire sterealhi ndw infi i laypalievic 2138, agded PN can
enter information into the system 1 through the keyboard 24 or the nouse
26 and out puthd nbounmdaipn offr ophe héndgsadmregilenoutth thatdiaspiagtance
between two adjacent initial points is equal to or less
than a predetermined threshold value DS. This takes
place in order to obtain more appropriate values in a
cost calculation described later. The new initial points
are determined as shown in Fig. 4 (described in detail
later). After all the necessary initial points are
determined, in step 202, tracker candidate points are
determined by scanning the inside of the initial region
for each initial point. The candidate points are
determined as shown in Fig. 5 (described in detail
later). After all the tracker candidate points are
determined, in step 203, a set of candidate points is
selected which best represents the contour of the object
which the user wants to extract. This selection can be
accomplished by determining a set of candidate points
which minimizes a cost, by using dynamic programming.
This will be described later with reference to Fig. 9.
Finally, in step 204, the candidate points are eliminated
at intervals from the selected set of candidate points so
that the distance between the trackers is nearly equal to

DT, whereby the trackers are .determined. This will be

described later with reference to Fig. 12.



device 38. [0014] The present invention is intended to position a
plurality of trackers along a contour of a desired object in the image

di spl ayed on the screen of the display device 38 in order to extract the
desired object. Fig. 2 shows a schematic flow of the present invention.
In first step 200, a rough initial;;region is first established
which contains therein the object to be extracted fromthe imge

di spl ayed on the screen of the display device 38, and a predeterm ned
nunber of initial 9 points (e.g., eight
i-nitial points)o@re) positioned on a boundary of the initial region

Al though a rectangle or an ellipse is used as the initial region in this

embodi ment, the presgnt dOyeMPOD |sho®d, COMESS AR dd Miwd terébeneto.
In the case of a rectangular initial reglon it may be established by

pressing a muse,Quign, @le LdESIdf RBh tRabherk™EE £feBactfndOShti ON

object which the wuser wants to extract only by
establishing a rough initial region around the object
without tracing the contour of the object. After that,
the user can extract the object by connecting the
trackers along the contour by means of well-known
approaches such as intelligent scissors. The intelligent
scissors are described in Eric Mortensen et al.,
"Intelligent Scissors for Image Composition", COMPUTER
GRAPHICS Proceedings, Annual Conference Sgries, 1995, pp.
'191-198, for example. Next, the details ;f each step of
Fig. 2 will be described.
[0017]

First, a determination of the initial points (step
200) is executed in accordance with a flow of Fig. 3. 1In
Fig. 3, (a) and (b) show the cases where the initial
region is a rectangle and an ellipse, respectively. For
Fhe rectangular initial region, in step 300, entries are
created from coordinates of four vertexes of the
rectangular region, and the entries are added to an
initial point list. For example, the entries are created
in the initial point list in ‘a clockwise order, starting

from the vertex of the upper left -angle of the



corresponding to an upper left angle of the rectangle which the user wants
to establish),. diagonally dragging while pressing and holding the
nouse button, and releasing the nouse button at a second desired point
(a position corresponding to a lower right angle of the rectangle).

An elliptical initial region can bp established by a simlar

oper ati on. Comrercially available inage processing software is
provided with drawi ng functions for such rectangles and ellipses which

the user may use. Al t hough the established initial region nust contain

therein the otf@@ndwiah regioser theantthe ovextencef &hehapwest rhehkniti al
regi on can be independent of the contour of the object. Therefore, the
user does notal@lve therep®f ukhent thee vielgegomfodmhenflawrr Bigklktanglahe
initial points on the bpundar{ of the initial region are determ ned as
shown in Fi g.tieredhi sangi Finpdliesbei vedtesat @f theodsjer left angle
1o thereof. Then, in step 301, entries are created from the
coordinates of midpoints, each between two neighboring
vertexes (four midpoints in total), and each of them is
inserted between two asSociated.;vertex entries in the
initial point 1list. In this exampleL the entries for
eight initial points in total are created and added to
the list.
_{0018]

For the elliptical initial region, in step 310, a
rectangle circumscribing the elliptical region 1is
determined (this rectangle may be the one established for
drawing the ellipse). Then, in step 311, entries are
created from the coordinates of points of contact (four
points of contact in total) of the ellipse and the
rectangle, and added to the initial point list. The four
points of contact match both ends of a long diameter of
the ellipse and both ends of a short diameter thereof.
For instance, one of the points of contact is taken as a
head entry, and the entries are added to the list in the
clockwise order. Finally, 1in step 312, entries are

created from the coordinates: of points of intersection

(four points of intersection in total) of the ellipse and



After.a predeterm ned nunber of initial points are determned, in step
201, newinitial points are added on theé boundary of the initial region so
that a distance between two adjacent initial points is equal to or |ess
than a predeterm ned threshold val ue DS. This takes place in order to
obtain nore appropriate values in a cog8 cal cul ation described later. The
new initial points are determned as shown in Fig. 4 (described in detai

| ater). After all the necessary initial points are determned, in step
202, tracker candidate points are determ ned by scanning the inside of the
initial regiostrébghteachingsiticEnngsdiimg. foThe ‘cadixikst e ofoi ntbe are
determ ned as shown in Fig. 5 (described in detail later). After all the
tracker candi dareupschibingre regdeamalienedioi n ast epalpP@¢nteset aff céhdi date
points is selected which best represents the contour of the object which
the user want siroumsgcriaking Théstardketi andardded adeoonpbirskegobyiing
determ ning a set of candidate points which mnimzes a cost, by using
dynami ¢ progreesihgons Thirsthe | ligfle. described later with reference to Fig.

9. Finally, in step 204, the candidate points are elimnated at intervals
fromthe sel e¢0et9%et of candi date points so

The rectangle and the -ellipse have the sane
contents of each entry created in accordance with the

flow of Fig. 3. The conhtents are as follows.

Entry p:

p_seed -Initial point

p_edge[i] -Array of tracker candidate points
(i=0, 1, .., p m-1)

p m -Number of tracker candidate points

p_next ~Pointer to a next entry

p_prev -Pointer to a previous entry

p_cost[i] ~Cumulative cost for each candidate
point
(cost map)

p_from({i] ~Dependence for each candidate point

{index of a candidate point in the
previous entry)
As 1is apparent from the above description, each
entry has pointers to the previous and next entries.

Therefore, the 1list comprising such entries is a



that t-he distance between the trackers is nearly equal to DT, whereby the
trackers are determned. This wll be described later with reference to
Fig. 12. [ 0016] As described above, according to the
present invention, the user can obtain trackers for extracting an object
which the wuser wants to extract only by establishing a rough
i-nitial region around the object w thout racing the contour of the
object. After that, the user can extract the object by connecting the
trackers along the contour by nmeans of well-known approaches such as

i'ntelligent scdssqys.edheihptel Higent Iﬁcu%%,or Are, %ﬁ% %?oirﬁ 5:% UTER

Mortensen et al. "Intelllgent Sci'ssof's for nage o108,
GRAPHI CS Pr oceedi s, Annual Conference Series, 1995, pp. or
exanpl e. Next ,p-t efBfl| ©_Pre¥adf sERp GPOVEi gonteRts| ane daskri bethe

remaining contents are set in the operation described
below.
[0020]

Step 201 of Fig. 2 is executed in accordance with
the flow of Fig. 4. 1In Fig. 4, in first step 400, a
check is made for pairs of two adjacent entries in the
initial point list created in accordance with the flow of
Fig. 3 to see whether there is an entry pair having a
distance between their initial points which exceeds a
threshold value DS. If there is, the pro;:essing goes to
step 401 in which such an entry pair is selected and
these entries are designated as p and q. In next step
402, a midpoint between the initial points of the entries
p and gq is calculated. Then, in step 403, an entry is
created from the coordinates of the midpoint, and the
entry is inserted between the entries p and g in the
initial point list. Thereafter, the processing returns
to step 400. The flow of Fig. 4 is repeated until there
remains no pair of entries having a distance between
their initial points exceeding DS. The distance between
the initial points is set equal to or less than DS,
because a pair of candidate points having longer distance

therebetween cannot be successfully evaluated in a cost



[0017] First, a determnation of the initial points (step 200) is
executed in accordance with a flowof Fig. 3. In Fig. 3, (a) and (b) show
the cases where the initial region is a rectangle and an ellipse,
respectively. For the rectangular initial region, in step 300, entries
are created fromcoordinates of four ugrtexes of the rectangul ar region,
and the entries are added to an initial point list. For exanple, the
entries are created in the initial point list in a clockw se order,
starting from the vertex_ of the wupper left -angle of the

12  rectang@@lydgih, oft Heie tr@cker erndidake pppeksri ger @FRfRLe her eof ,
then the vertex of the lower right angle thereof, and finally the vertex
of the |ower R tcanl evalpetden. dinrgissed stabeBois @ncomed ighedc it ed
fromthe coordinates of m dpoints, each between two nelghborlng vertexes
(four m dpoi R }urtidial theangogichbgtweeemtwo candidate points

accordance with colors of their nearby points. This
evaluation is based on the assumption that the nearby
points have similar colors. Accordingly, this evaluation
is useless unless the candidate points are close to each
other to some extent. Step 202 }n Fig. 2 which
determines the tracker candidate points. for each initial
point thus determined is executed in accordance with the
flow of Fig. 5.

[0021]

i In Fig. 5, in first step 500, the entry p in the
initial point 1list is set as a head entry L. head. In
next step 501, a target point T for scanning the image
toward the inside of the initial region is determined.
For the elliptical initial region, the barycenter of the
ellipse can be used as the target point T. For the
rectangular initial region, the target point T is
calculated as shown in Fig. 6. This will be. discussed
later. After the target point T is determined, the
processing goes to step 502 in which a point P to be
scanned is set at the initial point p seed of the entry
p, and a variable i indicating the numbers of the tracker

candidate points is set to O. Then, 1in step 503, a



Lnserted between two associated vertex entries in the initial point
In this exanple, the entries for eight initial points in total are
created and added to the list. [0018] For the elliptical init
region, in step 310, a rectangle <circunscribing the elliptical

Is determned (this rectangle may be ide one established for

el lipse).

cl ockw se

list.

i al
region

drawi ng t he

Then, in step 311, entries are created fromthe coordi nates
of points of contact (four points of contact in total) of the ellips
the rectangle, and added to the initial point list. The four points of

cont act nmat ciagmituged$ off a2 | dhfferemes eon ofhe thRind |} pbe daBepdinednds of
a short dianeter thereof. For instance, one of the points of contact
taken as a hedabanitred dnddetrlileeiad ar elmoderP t 904 hethe spagpltnde

order. Finally, in step 312, entries are created f

e and

S

rom

t he coordi nat@esidfcprpared ofo | at predetewningd cthr ¢8iakds wluatBisectfon in
total) of the ellipse and

the magnitude G is equal to or greater than TH}3the;e is
a high possibility that the point P is a contour point.
Thus, the processing goes to step 505 in which the point
P is set at the tracker candidate point p edge[i], and i

is incremented by 1. Subsequently, in step 506, the

check is made to see whether or not i is less than a.

predefined maximum number M of the tracker candidate
points. If i is less than M, the processing goes to step
507 in which the point P is moved by 1 pixel toward the
target point T. If i is equal to or greater than M, the
processing jumps to step 509. Step 507 is executed also
when the magnitude G is less than TH in step 504. In
next step 508, whether or not the new point P matches the

target point T is checked. If the point P does not match

.the target point T, the processing returns to step 503

and the detection of the candidate points is repeated.
If the point P matches the target point T, the processiﬁg
goes to step 508 in which the check is made to see
whether or not the current entry p is a tail entry L.
tail in the list. TIf the entry p is not the tail entry,
the processing goes to step 510 in which a next entry is

accessed by using p_next in the current entry p, and then



straight |ines connecting four vertexes of the circunscri bing
rectangle to a barycenter of the ~circunscribing rectangle, and added

to corresponding positions in the list. [0019] The rectangle and
the ellipse have the same contents of each entry created in accordance
with the flowof Fig. 3. The contents gre as foll ows. Entry p:
p_seed -lnitial point p_edge[i] -Array of tracker candidate
poi nts (=G, 1, .., p_m1l) p_m - Nunber of
tracker candi date points p_next -Pointer to a next entry
p_prev - Pdihet grrocess imdeviedugnsntey stex 50p. cobf [He cuairAltatd™e Yost
for each candi date poi nt ‘ (cost map)
p_froni] - Deperdendaiflorendanh ivatliedaietpothe processing ends.  (jndex of
a candi date poinzg]n t he previ ous entry)

[00

In step 506, the number of the tracker candidate
points is limited to the maximum number M in order to
speed up the calculation. If it is not necessary to take

this speedup into consideration, step 506 may be omitted.

[0023]

o
o

Next, how to determine the target point T in the
rectangular region will be described with reference to
Fig. 6. Here, four vertexes of the rectangular region
are designated as P[0] to P[3], respectively, and i.and Jj
are used as the variables indicating their numbers. .In
first step 600, i is initialized to 0. In next step 601,
j is set to i+l in modulo 4 (mod4). Then, in step 602,
whether or not seed is located on the straight 1line
connecting P[i] and P[j] is checked in order to determine
which side of four sides of the rectangle the initial
point seed of the entry (a symbol of the entry is omitted
for the sake of simplicity), in which the user wants to
set the target point T, is located on. If the initial
point seed is not located on the straight line, the
processing goes to step 603 in which i is incremented by
1 (mod4). Then, the processing returns to step 601. If

the initial point seed is located on the straight 1line



As is.apparent fromthe above description, each entry has pointers to the

previ ous and next entries. Therefore, the |list conprising such
entries is a 14 so-cal l ed |inked
list. In the flowof Fig. 3, pseed, p_next and p_prev of the above
contents are set. The remnaining conggnts are set in the operation
descri bed below. [0020] Step 201 of Fig. 2 is executed in

accordance with the flowof Fig. 4. In Fig. 4, in first step 400, a
check is made for pairs of two adjacent entries in the initial point |ist
created i n acE®P@BREENdi thhe heertesesf Plhilg.amdt §(dde &R hBEOFREFENPS an
entry pair having a distance between their initial points which exceeds a
t hreshol d val GeePsta fsterr 80fs 1n HéhilycuBeERYL g8Es DAY e psEH2ightuwhi ch

such an entry pair _is selected and these entries are designated as p and
gq. In next stépe 1s a long side of the rectangular region 1is checked.

If the straight line is the long side, the processing
goes to step 605 in which a distance d between the
initial point seed and the vertex P{i] is calculated by a
function calc_dist for calculating an Fuclidean distance
between two points. If the straighE line 1is a short
side, the processing moves from step 664 to step 606 in
which i1 and j are incremented by 1 (mod4) and the
distance d is set to 0. After step 605 or 606 ends, the
processing goes to step 607 in which a vector V directed
from thei vertex P{i]- toward the vertex P[]j] is
calculated. Finally, in step 608, the target point T is
determined by the following équation: |

T=C-VX (1-2d/SL) X (SL-SS) /2

where C  represents the barycenter of the
rectangular region, SL represents a length of the long
side and SS represents a length of the short side.

[0024]

Fig. 7 shows a relationship among the vertexes P{i]
and P[j], the initial point seed, the target point T, the
barycenter C and the vector V. The target point T in the
rectangular region is not matched to the barycenter C in

order to prevent a nonuniform distribution of the



402, a mdpoint between the initial points of the entries p and qis
cal cul ated. Then, in step 403, an entry is created fromthe coordinates
of the mdpoint, and the entry is inserted between the entries p and q in
the initial point list. Thereafter, the processing returns to step 400.
The flow of Fig. 4 is repeated until t e remains no pair of entries
havi ng a di stance between their initial points exceeding DS. The distance
between the initial points is set equal to or less than DS, because a

pai r of candi date points having | onger distance therebetween cannot be
successfulIyQQHQHé%QRiP?F%F%OgP a “very narrow and long reCtangééﬁr

eval uation of the tracker candidate points. For exanple, the cost

eval uation di'dis¥ed | ater is acconplished by evaluating the cost between
two candidate points in accordance with colors of their nearby points.
This eval uat 315 based on the assunption that the nearby points have
simlar colors. Accordingly, this evaluation js useless unless the

candi date points ars&ed ogggt Fogactetermining the magnitude G of the

difference 1is executed in accordance with the flow of
Fig. 8. First, in step 800, a differential vector g at
the point P is calculated. This can be accomplished by
using a known differential edge detecEion operator such
as Sobel filter. Since such an operat;r is well known,
the detailed description is omitted. Then, in step 801,
a .magnitude lgl of the differential wvector g 1is
determined. Finally, in step 802, the magnitude G is
determined by normalizing |g|. That is, the following is
calculated:

G=|g| /maxg

where maxg represents a maximum value which [g| can
take on. Accordingly, G ranges from 0 to 1.
[0026]

Next, the flow of Fig. 9 for executing step 203 of
Fig. 2 will be described. In first step 900, the cost of
adjacent entries in the initial point list created by
steps 200 and 201 in Fig. 2 is calculated, whereby the
cost map is created and the dependence on each candidate
point is determined. Then, in step 901, the dependence

is followed from each candidate point of the tail entry



other, to. sone extent. Step 202 in Fig. 2 which determnes the
tracker candidate points for each initial point thus determned is
executed in accordance with the flow of Fig. 5. [0021] In Fig. 5,
in first step 500, the entry pin the initial point list is set as a head
entry L. head. 1In next step 501, a t5y get point T for scanning the inmage
toward the inside of the initial regionis determned. For the elliptical
initial region, the barycenter of the ellipse can be used as the target
point T. For the, rectangul ar .initial region, the target point T.is

cal cul ated assh&@dli ntB g&%. LIl ST It'rheoehﬁiagcurs%ege Fﬁf“gp? Wik the

target point T is, eterniné , he . processin oes tq step.502 in which a
point P to beca_%#gﬁu%%l ip_é’lé’gt (é% e iﬁ??galer%(ﬁ ntLp_(;’Eéadieofl_st hJel%]ﬁ‘f'?y p,
and a variabl g, Lot oot ne e, umer s.9F (PO CLLACkEE. SRt GuRg N T

minimizes a total cost obtained by adding the cost
between the tail entry and the head entry to the
cumulative cost of the tail entry L. tail. Finally, in
step 902, the candidate points constituting the set of
candidate points having the minimum cost are listed in an
array cand. The number of the caﬂ&idate points is
represented as num cand.

(0027}

The creation of the cost map and the determination
of the dependeﬁce in step 900 are executed as shown in
Fig. 10. The variables i and j used in Fig. 10 represent
the numbers of the candidate points associated with each
entry in the initial point 1list. First, in step 1000,
the entry gq is set to the head entry L. head in the
initial point list. Then, in step 1001, the entry p is
set to the entry g, and an entry pointed to by a next
entry pointer q next in the entry g is set as a new entry
é. Furthermore, in step 1002, j is initialized to 0. In
step 1003, a cumulative cost g cost{j] of the entry g is
set to a predefined huge number KUGE, dependence
q from[j] for each candidate point is set to -1, and i is

set to 0. HUGE can be set, for example, by setting all



magni tude.G of a difference on the point Pis determned (described in
detail below). In step 504, the magnitude G is conpared to a predeterm ned
threshold value TH. If +the magnitude Gis equal to or greater than TH,
there is a high possibility that the point Pis a contour point. Thus,
the processing goes to step 505 in whigh the point P is set at the tracker
candi date point p_edge[i], and i is incremented by 1. Subsequently, in
step 506, the <check is nade to see whether or not i is less than a
predefined maxi mum nunber M of the tracker candidate points. If i is |ess
than M the pkékessilgageestiplsitep 150%eam dnfestihe p6i mn PUnsigheed by 1
pi xel toward the target point T. If i is equal to or greate{ than M the
processi ng j ukpsegerst ephsodeprsngdgnse7 g Srexétlit 28 aetotowhéninherdagni t ude
Gis less than TH in step 504. In next step 508, whether or not the new
poi nt P match&8 inéicabegehaporht firss thedsrands fon methdnar PIfoédisot
match the target point T, the processing returns to step 503 and the
detection of FRE &fndiudieatrd n?@YWQYreﬁ‘g@t edependenaee @of ¥R P hndereés t he

target point T, the processin goes to step 509 in which the check is nmade
to see not have to be -1. After step 1003 ends, the processing

enters the calculation of the cost.
[0028]

First, in step 1004, a loca].‘gost localcost -is
calculated by using a cost evaluation function calc cost
having, as parameters, the candidate point p edge[i] of
the entry p and the candidate point g_edge[j] of the
entry (. In this embodiment, the local cost is
calculated acc;rding to four different-properties, i.e. e
magnitude of difference, c¢olors of nearby points,
distance from initial point, and positional relationship
between candidate points. For the sake of simplicity,
designating the respective candidate points by x and vy,
the function calc_cost (x, y)} is defined by the following
equation.

calc cost (x, y)=

(f_edge(y) XW_EDGE+
f color(x, y)XW_COLOR+

f balloon(y) XW_BALLOON+

f similar(x, y)XW SIMILAR) Xf



whet her or not the current entry pis a tai

If the entry
whi ch a next
t hen

ends. [0022]

entry L. tail in the list.

pis not the tail entry, the processing goes to step 510 in

entry is accessed by using pnext in the current entry p,

and

17 the processing returns to step
501. If the current entry is the tail 9entry in the list, the processing

In step 506, the nunber of the tracker candi date

points is limted to the maxi mum nunber Min order to speed up the

cal cul ati on

consi deration, steplBo&hea2iRVenedualion] OB2BPGE, W_CRE

If it is not necessary to take this s eeduBBinto

¢ WoRALGOON

determ ne the target point T in the rectangular region will be described
with referencengdlo W [SIHIIAR repeeseniur wedghbsgedoofthehefputt Prgpeaitiedgi on
are designated as P[0] to P[3], respectively, and i and j are used as the
vari abl es i nddescragedhebpvauabdr are Kdetermined in accordance with an

empirical rule so that a good cost evaluation result is
obtained. When the distance between the candidate points
X and y calculated by the function calc dist (x, y) is
equal to or less than the threshold value DT, the last f
is set to 1. When the distance is more than DT, the last
f is set to a value greater than 1, é.g., 5 to 10 in
order to increase the cost, i.e., in order to prevent the
selection of the candidate points x and y. The reason is
as follows. It is desirable that the distance between
the trackers finally determined is equal to or less than
DT.

[0028]

f edge(y) represents a cost which is calculated
from the magnitude G of the difference at the candidate
peint y by the following equation.

f edge=1-G

The magnitude G ranges from 0 to 1 as described in
Fig. 8, and thus f edge also ranges from 0 to 1.

{0030]

f color(x, y) represents a distance between colors

of points near the candidate points x and y. The nearby

points are not the points immediately 'adjoining the



first,step 600, i is initialized to 0. In next step 601, | is set to i+l
in modulo 4 (nod4). Then, in step 602, whether or not seed is |ocated on
the straight Iine connecting P[i] and P[j] is checked in order to
determ ne which side of four sides of the rectangle the initial point
seed of the entry (a synbol of the ent ry is omtted for the sake of
sinplicity), in which the user wants t0~ set the target point T, is |ocated
on. If the initial point seed is not |located on the straight line, the

Phe” br ocessi M MEIATE PO arepPEb1 Thel Pointg [THTARY folHOS GEa & Tcat od
Vort oxes Pl 1] “AniER RRiRE o R NPY gBed b R 500 19 whfci bt her
Checked, | 11 REESGhai ghtoiiied ] Ehfho thengodpde o%t s pRiiets MR gOts (o
step 603 i1 vbicha ol stance g botueen the i niii al,pel ot sped SpdbAle

point near the candidate point y is indicated by Cy,
f color(x, y) is calculated by the following equation.
f color(x, y)
=(abs (red component of Cx-red component of Cy}+
abs (green component of Cx—green.component of Cy)+
abs{blue component of Cx—blge component of Cy)) X
1/3
[0031]

f balloon(y) is obtained by normalizing a distance
from the initial point. f balloon{y) is calculated by
the following equation:

f balloon{y)=calc_dist(S, y)/calc_dist(s, T)

where S denotes the init;al point of the entry
including the candidate point y, and T denotes the target
point to be scanned from the initial point S. The
function calc_dist calculates an Euclidean distance
between two points as described above.

[0032]
f similar{(x, y) «represents a cost which 1is

calculated from the positional relationship of the



functjon cal cdist for calculating an Euclidean distance between two
poi nts. If-the straight line is a short side, the processing noves from
step 604 to step 606 in which i and j are increnented by 1 (nod4) and the
distance d is set to 0. After step 605 or 606 ends, the processing goes to
step 607 in which a vector V directed ?%on1 the vertex P[i] toward the
vertex P[j] 1is calculated. Finally, step 608, the target point T is
determ ned by the follow ng equation: T=C-VX (1-2d/SL) X (SL-SS)/2
where C represents the barycenter of | the rectangular region, SL
represents a $BMGIIR'T RPEPFONY 2BAdY -and_SSMidgrdZentd & eftPRedFCEhe
short side. [0024] Fig. 7 shows a rel ationship anong the vertexes
P[i] and P[j3S e IMaWinhSEIMetde8d, the target point T, the barycenter
C and the vector V. The target point T in the rectangular region is not
mat ched to the barylceifEldat (¥ Ydrder to prevent a nonuniform distribution
of the
abs{(calc_dist(x, Tx)/calc_dist(Sx, Tx)-
calc dist(y, Ty)/calc_dist(sy, Ty))
where Sx denotes the initial point of the entry

including the candidate point x, Sy denotes the initial

point of the entry including the candidate point y, and

Tx and Ty denote the target points of the respective

entries.

10033]

After the calculation of the local cost ends, in

step 1005, a temporary cost tmpcost is calculated by

adding the local cost to the cumulatiwve cost p cost[i] in

the entry p. Then, in step 1006, whether or not the

temporary cost is less than the cumulative cost g cost([j]

in the entry g is checked. If the temporary cost is less

than the cumulative cost, the processing goes to step

1007. Otherwise, the processing jumps to step 1008. 1In

step 1007, the value of the temporary cost is set to the

cumulative cost q cost{j] in the entry q, and the value

q _from{j] indicating the dependence is set to i. 1In step

1008, i is incremented by 1. In step 1009, whether or

not i reaches the number p m of the tracker candidate

points in the entry p is checked. If i is equal to p m,



19 ¢gandidate points in a very narrow and | ong rectangul ar region.

[ 0025]
executed in
differenti al

Step 503 for determning the magnitude G of the differ
accordance with the flowof Fig. 8 First, in step 800
vector g at the point Pis calculated. This can be

acconplished by using a known differenysal edge detection operator

as Sobel fil
description
differenti al

Gis determneée

G=I gl / maxg

ter. Since such an operator is well known, the detaile
is omtted. Then, in step 801, a magnitude [g] of the
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point Iist create y

incremented reaches the number g m of the tracker
candidate points in the entry gq. If j is equal to g m,
the processing goes to step 1012. Otherwise, the
processing returns to step 1003. 1In step 1012, whether
or not the entry q is the tail entry L. tail in the list
is checked. If the entry g is not th; tail entry, the
processing returns to step 1001, If the entry q is the
tail entry, the processing ends. In this manner, the
flow of Fig. 10 calculates the cumulative cost by moving
from a given initial point to its adjacent initial point
along the boundary of the initial region.

[0034]

Next, the details of step 901 in Fig. 9 will be
described with reference to Fig. 11. First, in step
1100, the tail entry L. tail in the initial point list is
set to p, and the head entry L. head is set to q. In
next step 1101, a total cost totalcost is set to the huge
number HUGE (in the same manner as step 1003 in Fig. 10),
index is set to -1, and i is set to 0. 1In step 1102, the
dependence determined by the flow of Fig. 10 is followed
from the candidate point p edge[i] of the entry p to

determine which candidate point of the entry g is linked

ence i s
, a

such
d

gni tude
ul at ed:
t ake
of Fig.
900,



Ssteps, 200 and 201 in Fig. 2 is calculated, whereby the cost map is created
and t he dependence on each candidate point is determned. Then, in step
901, the dependence is followed fromeach candi date point of the tai

entry 20 L. tail inthe list to the head
to determ ne which candidate point of4he head entry L. head is |inked
thereto and determ ne a. set of candidate points which mnimzes a tota
cost obtained by adding the cost between the tail entry and the head entry

to the cunulative cost of the tail entry L. tail. Finally, in step 902,
the candi dat etlpoietts, condt thet indexhefstheofleteamiineldt eapdidase hpoinyg t he
m ni mum cost are listed in an array cand. The nunber of the candidate

points is rEpresemed as AMuntdsid.tieQ027] is seenThbatr thei coandidabe cost

map and the determ nation of the dependence in step 900 are executed as

shown in point p_edge[i] of the entry p is linked to the candidate
point g edge[j] of the entry q. In subsequent steps 1103
and 1104, the local cost localcost and the temporary cost
tmpcost are calculated in the same way as steps 1004 and
1005 in Fig. 10, respectively. 1In step 1105, whether or
not the temporary cost is less than the total cost is
checked. If the temporary cost is less than the total
cost, the processing goes to step 1106. Otherwise, the
processing jumps to step 1107. 1In step 1106, ‘a new value
of the total cost is set to the value of the temporary
cost, and the index is set to i. After i,is incremented
by 1 in step 1107, the check is made in step 1108 to see
whether or not i incremented reaches the number p m of
the candidate points of the entry p. If i is less than
p_m, the processing returns to step 1102. Otherwise, the
processing ends. In this manner, the flow of Fig. 11
determines which set of candidate points is appropriate
in consideration of the cost between the last initial
ﬁoint and the first initial point;
[0035]

Next, the details of step 204 in Fig. 2 will be

described with reference to Fig. 12. First, in step

1200, a parameter point is set to the first candidate



Fig. 10. The variables i and j used in Fig. 10 represent the nunbers of
the candi date points associated with each entry in the initial point

First, in step 1000,

|ist.

the entry q is set to the head entry L. head in the

initial point list. Then, in step 1001, the entry pis set to the entry q,

and an entry pointed to by a next

ent¥y pointer g_next in the entry qis

set as a newentry q. Furthernore, in step 1002, j is initialized to 0. In
step 1003, a curul ative cost qcost[j] of the entry gis set to a
huge nunmber HUGE, dependence q fron{j] for each candi date
point is set paintdl, cand(P]i sof s&het mikxayHUSEoramg be sett bdr sxbapted by
21 bits of g cost[j] to 1

pr edef i ned

setting al

when g_cost [ j¢andidate upsighed

iImn egext sthp defdndencwayiébbe]jn is set

to -1 in order to indicate that at first it depends on nothing. If this
can be i ndi catmdizn\iwed tde depehddwecEigstr omppkedoesacket [hhvies teetbe - 1.
After step 1003 ends, the processing enters the calculation of the cost.

to point. In step 1202, the distance d between the
candidate points is initialized to 0, and the variable i
is initialized to 1. In next step 1203, the distance d
1s calculated by using the function calc_dist. The
function calc_dist gives the distance between two
candidate points in question (at first, cand[0] and
cand([1]). Then, in step 1204, it is checked whether or
not d calculated is greater than a predetermined tracker
interval DT. If d is greater than DT, the processing
goes to step 1205. Otherwise, the processing jumps to
step 1207. In step 1205, point is set to the i-th
candidate point cand[i]. 1In step 1206, the n-th tracker
tracker[n] is set to point and n is incremented by 1.
After i is incremented by 1 in step 1207, i is compared
to the number of the candidate points num_cand stored in
the array cand in step 1208. If i is less than num cand,
the processing returns to step 1202. Otherwise, the
ﬁrocessing ends.
[00361]

The trackers thus determined are positioned nearly
on the contour of the object which the user wants to

extract. After the trackers are determined, the user has



[ 0028] First, in step 1004, a local cost localcost is «calculated by
using a cost evaluation function calc_cost having, as paraneters, the
candi date point p_edge[i] of the entry p and the candi date point g_edge[j]

of the entry q. In this enbodinent, the local <cost is

cal cul ated according to four different gpgoperties, i.e. e magnitude of
difference, <colors of nearby points, distance frominitial point, and
positional relationship between candi date points. For the sake of

sinmplicity, designating the respective candidate points by x and y, the
function cal cowlgsttexcopners @bk teddikershaliopldl dliengeondedt ifn, means

cal ccost (X, y)= (f _edge(y) XV\EDGE+ f_color(x, vy)
XWCOLOR+ of the wklhakhown (3PPDONBAS OSMeh as the lntﬁléitmilﬂ‘ér(x
y) X5l M LAR) Xf 22

scissors, as described above. If a certain tracker is

not located on a desired position, the user can move the
tracker to the desired position by dragging with a mouse.
In this case, when the user selects with the mouse the
tracker which the user wants to move, the color of the
tracker and the contour line portion connected thereto
may be ;hanged from those of the other portions. This
facilitates the positioning of the contour.

[0037]

Although the preferred embodiments of the present
invention have been described above, it will be evident
to those skilled in the art that the invention 1is not
limited thereto and that various modifications are
possible.

4. Brief Description of the drawings:

Fig. 1 1illustrates a block diagram showing one
example of an 1image processing system in which the
present invention can be implemented;

Fig. 2 illustrates a flowchart schematically
showing a method of the present invention;

Fig. 3 illustrates flowcharts showing methods for
determining initial points when an initial region is a

rectangle and an ellipse, respectively;



n the above equation, WEDGE, WCOLOR, WBALLOON and W8I M LAR represent

wei ghts to the four properties described above and are determned in
accordance with an enpirical rule so that a good cost evaluation result is
obt ai ned. When the di stance between the candidate points x and vy
cal cul ated by the function calcdist (xp9y) is equal to or less than the
threshold value DT, the last f 1is set to 1. Wien the distance is nore than
DT,,the last f is set to a value greater than 1, e.g., 5 to 10 in order
to increase the cost, i.e., in order to prevent the selection of the

candi date points x mnd ¥ MNeisteases ias flawchaktovhowihg 4 smeletsod abde t hat
the di stance between the trackers finally determned is equal to or |ess

than DT. [082%ng new fifdEE{Y) poaPRESEss S thak0Si \WistAnce Cioéewéad ed
fromthe magnitude G of the difference at the candidate point y by the

foll owi ng equadjffent inithiagdgesinGs is eHiR1IMBEHI tdrde 1eskangranf rom O to
1 as described In Fig. 8 and thus f edge also ranges from0O to 1. [0030]
predetermined threshold wvalue;

Fig. 5 illustrates a flowchart showing a method for
determining tracker candidate points by scanning an
inside of the initial region for each initial point;

Fig. 6 illustrates a flowchart shgowing a method for
determining a target point for scanning from a selected
initial point toward the inside of the initial region;

Fig. 7 illustrates a concept of determination of
the target point in accordance with a flow of'_ Fig. 6;

Fig. 8 illustrates a flowchart showing a method for
calculating a magnitude of a difference at a selected
point to determine the tracker candidate points;

Fig. 9 illustrates a flowchart showing a method for
select;ng a set of tracker candidate points which is most
closely located along a contour of an object, among sets
of tracker candidate points;

Fig. 10 illustrates a flowchart showing a method
for calculating a cost for adjacent entries in an initial
point list to create a cost map and determine dependence;

Fig. 11 illustrates a flowchart showing a method

for following forward the dependence from each candidate



f, colar(x,-y) represents a distance between colors of points near the
candi date points x and y. The nearby points are not the points inmediately
adj oi ning the 23 candi dat e poi nts but
the points located inside relative to the candidate points by a few pixels
(e.g., 2 or 3 pixels). Assumng that tHe color of the point near the
candidate point x is indicated by Cx and the color of the point near the
candidate point y is indicated by Cy, f _color(x, y) is calculated by the
foll ow ng equati on. col or (x, =[ abs(red conponent of Cx-red
conponent of @Mt of a t%%%(@?%éﬁ E@nﬁ@h@ﬁ@l@# Wi g ecandoiponepeint Cy) +
abs(bl ue conponent of Cx-blue conponent of Cy))X 1/3 [0031]

f _bal | oon(y) '%teo%t%?%delb‘?r}ﬁo% fral {2k *éh%ﬁ%ft%{ncéé’ld fdetreamhining ta asetpoi nt .

fbal l oon(y) is_calcul ated by
of candidate points which minimizes a total cost obtained

by adding the cost between the tail entry and the head
entry to a cumulative cost of the tail entry; and

Fig. 12 illustrates a flowchart showing a method
for eliminating at intervals the tracker candidate points

from a set of selected tracker candidate points.



the follow ng equation: f balloon(y)=calc dist(S, y)/calc dist(S, T)
where S denotes the initial point of the entry including the candidate
point y, and T denotes the target point to be scanned fromthe initial
poi nt S. The function cal cdist cal cul ates an Euclidean diqfanPP bet ween
two points as described above. [0032] 31 f simlar(x, represents

a cost which is calculated fromthe positional umwmmnnumm t he
24 candidate points x and y. fsimlar(x, y) is sl L
foll ow ng equati on: f simlar(x, y)= *abs(cdal & df st{x,
Tx)/cal c dist(Sx, Tx)- cal cdist(y, Ty)/calcdist(Sy, Ty))
where Sx denotes the initial point of the entry including the candi date

point x, Sy denotes the initial point of the entry including the candi date
poi nt y, and

Claims:

1. A method for automatically determining trackers
along a contour of a particular object in a displayed
image, comprising the steps of: -

establishing an initial region containing said
particular object therein and setting a plurality of
initial points on a boundary of said initial region;

setting a target point for scanning the imaqe from
each of said plurality of initial points toward the
inside of said initial region;

selecﬁing one or more tracker candidate points
along a line segment between each of said plurality of
initial points and said target point, based on the
magnitude of the contour; and

determining a set of tracker candidate points which
minimizes a cost, by using dynamic programming, starting
from a selected initial point among said plurality of

initial points.

2. The method according to claim 1, wherein said

step of setting said plurality of initial points includes



Tx and Ty denote the target points of the respective ' [ 0033]
After the calculation of the local cost ends, in step 1005, enpor ary
cost tnpcost is calculated by adding the | ocal ﬁ‘ QQEFtlve cost
pcost[i] in the entry p. Then, in step 1006, U“A

tenporary cost is less than the cunulatlée cost qcest§j]* i"n the entry qis
checked. If the tenporary cost is |ess han the cunul ati ve cost, the
processing goes to step 1007. Oherw se, the processing junps to step
1008. In step 1007, the value of the tenporary cost is set to the

Gcunul ative cos8heqGasdd jdfi pokheientiny Gaianditiweialal peingsf sen]fhat a

I ndi cating the dependence is set toi. In step 1008, i is increnmented by
1. In step 1Q09tambet between Batidi iheathespbhrtauibeegpal ofot be fleasker
candidate points in the entry pis checked. If i is equal to pm
25 than a predetermined threshold value.

3. The method according to claim 2, wherein said

step of setting said plurality of initial points further
includes the step of adding an entry including the set

initial point to a linked list.

4. The method according to any one of claims 1
through -3, further comprising the step of determining the
trackers by eliminating the candidate points at intervals
from said set of tracker candidate points so that the
distance between the trackers exceeds a predetermined

threshold value.

5. The method according to claim 4, wherein

said initial region is a rectangle, and

said step of setting said plurality of initial
points sets, as said initial points, four vertexes of

said rectangle and midpoints between the neighboring

vertexes.

6. The method according to claim 4, wherein



the processing goes to step 1010 and j is increnented by 1. QO herw se,

the processing returns to step 1004. In step 1011, the ctheek—is_made to
see whether or not j increnented reaches the nunbefgg..m of the tracker
candi date points in the entry gq. If j is equal to g’ﬂﬂmwmmm” si ng
goes to step 1012. QG herwi se, theys processi ngs L" 3? 1003.
I-n step 1012, whether or not the entry g is the tail entry . taif in the
list is checked. |If the entry gqis not the tail entry, the processing
returns to step 1001. |If the entry qis the tail entry, the processing

ends. In this mnnerid tindtikllowegfioRi gs 4A ealipdsat esnd he cunul ative cost
by moving froma givenrinitial point to its adjacent initial point along
the boundary of the siaditiatepegdn.sett@ndd] said pIlNexilitiyheodetaidtsi of step
901 in Fig. 9 will be described with reference to Fig. 11. First, in

step 1100, theiraid seatsy &s tsalid iihitdial bdimds Pobotn | bhbsi 9 Snd © P
and the head entry L. head is set to q. In next step 1101, a total” cost

total cost is sefd tshéhe BugRetduRDeyr HylE( ieﬂl&?@esadm NERdepoantst & 1003

in Fig. 10), index is set to -1, and i is set to 0. In step 1102, the

dependence detiertdrzedthynt heof! owaofd Fi 81118séS fdHld OWBHraight 1lines
connecting four vertexes of a rectangle circumscribing

said ellipse to a barycenter of the rectangle.

Y
-

7. The method according to any one of claims 1
through 6, wherein said step of selecting said tracker
candidate points calculates a differential vector at each
point between each initial point and the target point and
then determines said magnitude from the magnitude of said

differential vector.

8. A computer readable storage medium storing a
program for implementing a method for automatically
determining trackers along a contour of a particular
object in a displayed image, said program comprising:

program code means for establishing an initial
region containing said particular object therein and
setting a plurality of initial points on a boundary of

said initial region;



fromthe candidate point p_edge[i] of the entry p to determn ch
candi date point of the entry q is |inked

26 thereto, and the index of the determ ned candi set to j.
At this tinme, it is seen that the candi date point m&gﬁ“ﬂ m“m e entry p
is linked to the candidate point g_edgg(j] of th g.»lns subsequent
steps 1103 and 1104, the | ocal cost |ocal cost and the tenporary cost
tnpcost are calculated in the sane way as steps 1004 and 1005 in Fig. 10,
respectively. In step 1105, whether or not the tenporary cost is |ess
than the total costpicyraheckde. nedahst fiert eepoingy acdstrged |msint hfort he
total cost, the processing goes to step 1106. O herw se, the processing
junmps to stepsdahying rcisd emadd G ron rewny alfueaidf pthealotal ofoshitsaket to

the value of the tenporary <cost, and the index is set toi. After i is
I ncrement ed gayirts nceteapd K67 iddieleclhiaclsais fadeiab ségporll08 to see
whet her or not i increnented reaches the nunber p_m of

program code means for selecting one or more
tracker candidate points along a line segment between
each of said plurality of initial points and said target
point,.based on the magnitude of the contour; and

program code means for determining a set of tracker
candidate points which minimizes a cost, by using dynamic
programming, starting from a selected initial point among
said plurality of initial points.

S. The storage medium accarding to c¢laim 8,
wherein said program code means for setting said
plurality of initial points includes program code means
for positioning said initial points so that a distance
between sald initial points is equal to or less than a

predetermined threshold value.

10. The storage medium according to- claim 9,
wherein said program code means for setting said
plurality of initial points further includes program code
means for adding an entry including the set initial point

to a linked list.



the, candi date points of the entry p. If i is |less—+t+har—p-m the

processing returns to step 1102. O herwi se, the processing ends. In this
manner, the flow of Fig. 11 deternines which set ﬁﬂ"mmm ORIt S i S
appropriate in consideration of the cost between t hidk ” gmﬁﬂ'pm nt
and the first initial point. [0035] Next, the*detail s "of sstep 204 in
Fig. 2 will be described with referenceé to Fig. 12. First, 1in step
1200, a paraneter point is set to the first candidate
27 point cand [0] of the array storing a set of selected candidate
points. I n next stkp 120he asvaragd| medium savioriddnigzetb t any, cmed ¢fie
first tracker tracker[0O] is set to point. In step 1202, the distance d
bet ween the chathslatte pbrotighi s10ni thualtheed tonfrisig t peogarmabtede i s
initialized to 1. In next step 1203, the distance d is calculated by
using the fumednson €akc- diesterminifige thencttmarckera cddpst epimesatihg
di stance between two
candidate points at intervals from said set of tracker
candidate points so that the distance between the

trackers exceeds a predetermined threshold value.

12. The storage medium accorq}ng to claim 11,
wherein said initial region is a rectangle, and said
program code means for setting said plurality of initial
points sets, as said initial points, four vertexes of
said rectangle and midpoints between the neighboring

vertexes.

13. The storage medium according to claim 11,
wherein said initial region is an ellipse, and said
program code means for setting said plurality of initial
points sets, as said initial points, both ends of long
and short diameters of said ellipse and the points of
intersection of said ellipse and straight 1lines
connecting four vertexes of the rectangle circumscribing

said ellipse to a barycenter of the rectangle.

14. The storage medium according to any one of

claims 8 through 13, wherein said program .code means for



candidate points in question (at first, cand[0] and can .

Then, 'in step 1204, it is checked whether or not j/ ed i s greater

=

than a predeterm ned tracker interval DI. [If d i R g’”ﬂw t he
processing goes to step 1205. O herwi se, the processicnge Rt y ,step
1207. In step 1205, point is set to,_the i-th candidate point ¢and[i].
I.n step 1206, the n-th tracker trackeﬁé[n] is set to point and nis
increnented by 1. After i is incremented by 1 in step 1207, i is conpared

to the nunber of the candidate points nunctand stored in the array cand in

step 1208. 1fsd:des:hgSS sbhan puaLgand, co I OCRBIRG M 8hUENSatOsSt &P
1202. O herw se, the processing ends. [0036 The trackers thus

det erni ned arg A1Qsitlangd psaeby o@n ddie, cOBLRU patyble Qbicctinbiehlthe
e

user wants to extract. After t trackers are determ ned, the user has
28 point and the target point and then determines said

magnitude from the magnitude of said differential vector.



enly . to connect the trackers along the contour by neans of the well-known

approaches such as the intelligent scissors, as described above. If a
certain tracker is not |located on a desired position, the user can nove
the tracker to the desired position by dragging with a nouse. In this

case, when the user selects with the nouse the tracker which the user
wants to nove, the color of the trackes7and the contour |ine portion
connected thereto my be changed fromthose of the other portions. Thi s
facilitates the positioning of the contour. [0037] Al t hough the

preferred premmentorof AEOMNEIERLLY NYEMERVINIANE bgenCHERS! | hedrabove,
it owill becemfému\hﬁat Varlﬁk\ntb S‘ré@ﬁ@@kddl@twmwwmmﬂm”Ot

limted th {Etsgtﬂ ous nodifications are possible. 4. Brief
Descri pti on of €  dr awi ngs: Flg 1 illustrates a bl ock di agram
showi ng one exanple of an imge prq&g %kﬂgqsysten1|n whi ch the present
i nvention can be inpl enented; S illustrates a flowhart
schematically show ng a net hod of the fpresent i nvention; Fig. 3
i |l ustrateshd pmﬁdm@tlgﬁm\ﬁ@as%{lﬁmg ppputomatically determining trackers along a

contour of a particular object in a displayed image and a storage medium storing a program
for implementing the method . This method comprises the steps of :establishing an initial
region containing the particular object therein and setting a plurality of initial points on a
boundary of the initial region (201); setting a target point for scanning the image from each
of the plurality of initial points toward an inside of the initial region (202); selecting one or
more tracker candidate points along a line segment between each of the plurality of initial
points and the target point, in accordance with magnitude of the contour (203); and
determining a set of tracker candidate points which minimizes a cost (204), by using
dynamic programming, starting from a selected initial point among the plurality of initial

points.

Fig 2



detetnining initial points when an initial region is a rectangle and an

el lipse, respectively; 29 ~ Fig. 4
illustrates a flowmhart showing a nethod for adding newinitial points so
that a distance between adjacent initial points is equal to or less than a

predet erm ned threshol d val ue; Fig. Sillustrates a flowhart show ng
a nethod for determning tracker candi daf/g points by scanning an inside
of the initial region for each initial point; Fig. 6 illustrates a

flowchart showing a nethod for determning a target point for scanning
froma selected initial point toward the inside of the initial region;

Fig. 7 illustrates a concept of determnation of the target point in
accordance with a flow of Fig. 6; Fig. 8 illustrates a fl owchart
showi ng a nethod for calculating a nagnitude of a difference at a sel ected
point to determ ne the tracker candidate points;
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Fig.*9 illustrates a flowhart show ng a method for selecting a set of
tracker candidate points which is nost closely |located along a contour of
an object, anong sets of tracker candi date points; Fig. 10
illustrates a flowhart showing a nethod for calculating a cost for

adj acent entries in an initial point |jst to create a cost map and
det er m ne dependence; Fig. 11 ilaléstrat es a flowhart showi ng a

met hod for following forward the dependence from each candi date

30 point of atail entry to determ ne which candidate point of a head
entry is linked thereto, and determining a set of candidate points which
mnimzes a total cost obtained by adding the cost between the-tail entry
and the head entry to a cunulative gad o\ the tail entry; and Fi g.
12 illustrates a flowhart show ng a for elimnating at intervals
the tracker candidate points froma sefl-of selected tracker candi date

oi nts.
P ESTABLISH INITIAL REGION, AND POSITION PREDETERMINED 1200
NUMBER OF INITIAL POINTS ON BOUNDARY OF INITIAL REGION

y

ADD NEW INITIAL POINTS SO THAT DISTANCE BETWEEN 1201
ADJACENT INITIAL POINTS I8 EQUAL TO OR LESS THAN DS

y

DETERMINE TRACKER CANDIDATE POINTS BY SCANNING | _202
INSIDE OF INITIAL REGION FOR EACH INITIAL POINT

SELECT SET OF CANDIDATE POINTS LOCATED MOST CLOSELY 1203
ALONG CONTOUR OF OBJECT, AMONG SETS OF CANDIDATE POINTS

v

* DETERMINE TRACKERS BY ELIMINATING CANDIDATE POINTS 204
AT INTERVALS FROM SELECTED SET OF CANDIDATE POINTS SO
THAT DISTANCE BETWEEN TRACKERS IS NEARLY EQUAL TO DT

FIG. 2
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y

FOLLOW DEPENDENCE FROM EACH CANDIDATE POINT OF Litail . | 901
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v
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31 - C ai ns: 1. A nethod for autonatically determ ning
trackers along a contour of a particular object in a displayed imge,
conprising the steps of: establishing an initial region containing

said particular object therein and setting a plurality of initial points

on a boundary of said initial region; setting a target point for
scanning the image from each of said pl&@ality of initial points toward
the inside of said initial region; sel ecting one or nore tracker
candi date points along a |line segnent between each of said plurality of

initial points and sai get point, based on the
SPARA START

CREATE ENTRIES FROM FOUR VERTEXES }-300 [DETERMINE RECTANGLE CIRCUMSCRIBING |-310

OF RECTANGULAR REGION, ELLIPTICAL REGION
AND ADD ENTRIES TO INITIAL POINT LIST +
# CREATE ENTRIES FROM FOUR POINTS OF | 311

CONTACT OF ELLIPSE AND RECTANGLE,

CREATE ENTRIES FROM MIDPOMTS AND ADD ENTRIES TO INITIAL POINT LIST

BETWEEN NEIGHBORING VERTEXES, - 301

AND ADD ENTRIES TO INITIAL POINT +
LIST : ;
CREATE ENTRIES FROM FOUR POINTS OF 312
INTERSECTION OF ELLIPSE AND »
STRAIGHT LINES CONNECTING VERTEXES
OF RECTRANGLE TO BARYCENTER, AND

ADD ENTRIES TO INITIAL POINT LIST

(2) RECTANGLE (b) ELLIPSE

WHICH EXCEEDS
DS?

SELECT ONE PAIR OF ENTRIES HAVING DISTANCE 401
BETWEEN INITIAL POINTS EXCEEDPING DS,
AND DESIGNATE AS p AND q, RESPECTIVELY
402
DETERMINE MIDPOINT BETWEEN

INITIAL POINTS OF p AND q

v

CREATE ENTRY FROM MIDPOINT, AND INSERT |~
ENTRY BETWEEN p AND q IN LIST

403

FIG. 4




magni t ude of the contour; and determning a set of tracker candidate
points which mnimzes a cost, by using dynam c progranm ng, starting
froma selected initial point anong said plurality of initial points.

2. The nethod according to claim1l, wherein said step of setting said
plurality of initial points includes 32
the step of positioning said initial podfts so that a distance between
said initial points is equal to or less than a predeterm ned threshold
val ue. 3. The method according to claim2, wherein said step of
setting said plurality of initigl—petRts further includes the step of
adding an entry including the s lal point to a linked |ist.

5
p=L. Head — 500
l«
DETERMINE TARGET POINT T FOR }— 3501
SCANNING IMAGE TOWARD INSIDE
OF INITIAL REGION
P=p_seed 502
i=0
. DETERMINE MAGNITUDE GOF  |_503 ompnext |10
DIFFERENCE ON POINT P ;
504
No
Yes
p_edge[i] = P — 305
i=1+1

507

FIG. 5




4. The nethod according to any one of clains 1
conprising the step of determning the
candi date points at intervals

t hrough 3,
trackers by elimnating the
fromsaid set of tracker candi date points so

further

that the distance between the trackers exceeds a predeterm ned threshold
val ue. 5. The method according to claim4, wherein sai d
'nitial region is a rectangle, and 5/9said step of setting said

plurality of initial points sets, as said initial points,
said rectangl e and m dpoi nts between the nei ghboring
The method according to claim4, wherein

33 said initial regionis an ellipse, and

f our vertexes of
vert exes. 6.

said step of -

setting said plurality of initial points sets, as said initial points,
bot h ends of |ong
=0 600
601
j = (i+)mod4 —
. 602
OCATED ON 603
i = (i+1)mod4
j =G+1)modd4 — 606
d=0

d = calc_dist(seed P[i]) — 605
V = Pfj] - P[i] — 607
608
= _2d ., SLSs —
T =C-Vx(1- )< =5
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and short dianeters of said ellipse and the points of intersection of
said ellipse and straight | ines connecting four vertexes of a
rectangle circunscribing said ellipse to a barycenter of the rectangle.
7. The nethod according to any one of clainms 1 through 6, wherein said
step of selecting said tracker candidate points calculates a differenti al
vector at each point between each initiag/goint and the target point and
then determ nes said nagnitude fromthe magnitude of said differential
vect or. 8. A conputer readable storage nediumstoring a program
for inplenenting a nethod for automatically determ ning trackers along a
contour of a particular object in a displayed i mage, said program

conpri si ng: program code nmeans for establishing an initial region
contai ning said particular djject therein and ~BITIALREGIGNpl urality of
initial points on a boundary ¢t sara rmitr &l regron, A

V=P(j}-Bfi] o
Seed )
N\
Y
P[i}
« -
Ss
FIG. 7
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-

program code nmeans for setting a target point for scanning the inmage from
each of said plurality of initial "points toward the inside of said initial
regi on; .program code neans for selecting one or nore tracker

candi date points along a |ine segnment between each of said plurality of
initial points and said target point, based on the magnitude of the
contour; and program code neans fdygdeternining a set of tracker
candi date points which mnimzes a cost, by using dynam c progranmm ng,
starting froma selected initial pointamoms said plurality of initial

poi nts. 9. The storage nmeq§i¥¥RTgkcording to claim 8,
wherein said program code neans for settwhg said lurality of initia
poi nts includes program code neansf TOL PESLTT i said initial points so
that a distance between said init 'qp%T £ equal to or less than a
predeterm ned threshol d val ue. 1¢§——-¥he——sfﬁfage—ﬁed+wn1 accordi ng
to claim 9, 1001
. P=q. q=q next
Y
i=0 1002

g

q_cost[j] = HUGE | .1003
q _fromfj] = -1

i=0
localcost = cale_cost(p_edge[il, q edgeli]) 1%
v
tmpeost = p_costfi] + localcosi

1005

q_fromfj] =i

1010

FIG. 10



wherei n sai d program code neans for setting said plurality of initia
points further includes programcode neans for adding an entry incl uding
the set initial point to a linked |ist. 35
11. The storage nmedi um according to any one of clains 8 through 10,
further conprising programcode neans for determ ning the trackers by
elimnating candidate points at intervals fromsaid set of tracker
candi date points so that the distance b8Sween the trackers exceeds a
predet erm ned threshol d val ue. 12. The storage medi um according to
claim1ll, wherein said initial regionis a rectangle, and said program
code nmeans for setting said plurality of initial points sets, as said -
initial points, four vertexes of said rectangle and m dpoints between the
nei ghboring vertexes.
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13. “'The storage medium according to claim 11, wherein said initial region
is an ellipse, and said programcode neans for setting said plurality of
initial points sets, as said initial points, both ends of long and short
di aneters of said ellipse and the points of intersection of said

ellipse and straight l i nes connectg% four vertexes of the rectangle
circunscribing said ellipse to a baryc er of the rectangle. 14.
The storage nedi um according to any one of clains 8 through 13, wherein
sai d program code nmeans for 36 sel ecting
said tracker candidate points calculates a differential vector at each
poi nt between each initial point- and the target point and then determ nes
said nmagnitude fromthe magnitude of gsaid differential vector
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—a=1 | 1201
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