1 IMAGE PROCESSING METHOD, RECORDING MEDIUM CARRYING
IMAGE PROCESSING PROGRAM, AND IMAGE PROCESSING
APPARATUS CROSS REFERENCES TO RELATED APPLICATIONS
The present invention contains subject matter related to Japanese Patent
Application JP 2008-034235 filed in the Japanese Patent Office on
February 15, 2008, the entire contehts of which are incorporated herein
by reference. BACKGROUND OF THE INVENTION 1. Field of the
Invention The present invention relates to an image processing method, a
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BACKGROUND OF‘THE INVENTION
1. Field of the Invention

The present invention relates to an image processing
method, a recording medium carrying an image processing
program, and an image processing apparatus.
2. Description of the Related Art

Figs. 7A to 7H illustrate an example of images
automatically captured by a digital still camera hung near a
passenger's seat of a vehicle at intervals of 10 seconds,
for example, in a traveling direction. Those images are
still images captured by intermittent shooting and have
continuity in the content. Thus, if the images are
sequentially reproduced at short time intervals, &.g¢., at
+ime intervals of 0.8 seconds, the images can be seen as if
they are flipped through, and a series of motions or changes

in scenery can be read although the motions are not smooth.



_Hereinafter, the above-described method for sequentially reproducing
images captured at predetermined time intervals at short time intervals is
called "slide-show reproducing”. For example, if a user performs
intermittent shooting - while hanging a digital still camera on his/her neck
during sightseeing and if the captured images are reproduced in a slide
show, things and situations seen byzthe user during the sightseeing can
be realistically reproduced. A related-art document includes Patent
Document 1: Japanese Unexamined Patent Application Publication No.
2003-260117 « SUMMARY: OFe THESINVENTION: Howeveetif the digital

stiII_ camera is significantly shaken during shooting, the direction of an
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main subject and an entire composition: significantly vary in each image. If
suehimages.are eproduced i agstideé show, the: positionota mappting
subject and an entire composition 3
while hanging a digital still camera on his/her neck during
sightseeing and if the captured images are reproduced in a
slide show, things and situations seen by the user during
the sightseeing can be realistically reproduced.
A related-art document includes Patent Document 1:

Japanese Unexamined Patent Application Publication No. 2003-

250117.

SUMMARY OF THE INVENTION

However, if the digital still camera is significantly
shaken during shcoting, the direction of an optical axis of
the digital still camera significantly changes in accordance
with the shake. For this reason, as illustrated in Figs. 7A
to 7H, the area occupied by the sky (the position of the
horizon) randomly changes in the respective lmages
illustrated in Figs. 7A to 7H. That is, the position of a
main'subject and an entire composition significantly vary in
each image.

If such images are reproduced in a slide show, the

position of a main subject and an entire composition



significantly vary in an upward/downward or right/left direction in each
image, although the images have similar content or the content gradually
changes. This is not eye- friendly and may cause the user to have feeling
of fatigue or sickness like motion sickness. This is the same in moving
images. If a main subject and an entire composition vary in an
upward/downward or right/left direcion in each frame during reproducing,
those moving images are not eye-friendly and may cause feeling of
fatigue or sickness. According to an embodiment of the present invention,

sigriheredispravided an imagerprocessiny avethod: indluding: e stegstéf
extracting edges from each of a plurality of original images, thereby,
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positions of the vanishing points in the respective original images

or #utialysmatdhkdhereby cobtaining: fisal.images. With this configuration,
significant variations of a main subject and an entire composition in each
imBoecahthd teverad i shfalshcw F8Fdatcing ' whichig gyestrigndly

and agg pefg\i{,elr}tese f%%”nrx] o%f{%ti%%e %g%i%kg%ssalyfe@%g%/ downward or
right/left direction in each frame during reproducing, those
moving images are not eye-friendly and may cause feeling of
fatigue or sickness.

According to an embodiment of the present invention,
there is provided an image processing method including the
-steps of extracting edges from each of a plurality of
original iﬁages, thereby obtaining edge images; extracting
straight lines from the edge images, thereby obtaining line
images; assuming extensicns of the stralght lines
constituting the line images and setting vanishing points on
the basis of the extensions; and trimming the plurality of
original images so that posiﬁions of the vaniéhing points in
the respective original images mutually match, thereby
obtaining final images.
| With this configuration, significant variations of a
main subject and an entire composition in each image can be
vrevented in slide-show reproducing, which is eye~friendly

and prevents feeling of fatigue or sickness like motion



4 sickness. BRIEF DESCRIPTION OF THE DRAWINGS Figs. IAto IF
illustrate an outline of a process according to an embodiment of the
present invention; Figs. 2A to 2D illustrate the outline of the process
according to the embodiment of the present invention; Figs. 3A to 3H
illustrate an advantage of the embodiment of the present invention; Fig. 4
is a system diagram illustrating an eémbodiment of the present invention;
Fig. 5 is a flowchart illustrating an embodiment of the present invention;
Fig. 6 is a flowchart illustrating another embodiment of the present
sickmerdion; and Figs. 7A to 7H illustrate a related art. DESCRIPTION OF
THE PREFERRED EMBODIMENTS <1> Outline of embodiment of the
present invention Figs. 1A to IF illustrate an outline of image processing

BRI@CBE%&%?EW%W%F B{D\mzwggent invention. Referring to Fig.
, re

: ference numeral 11 denotes one of original images captured by
interpiftent,sheoting by a digital still ecamera. Maee specifigally-thes

original image 11 is one of images automatically captured by 5

according tc an embodiment of the present invention;

Figs. 2A to 2D illustrate the outline of the process
according to the embodiment of the present invention;

Figs. 3A to 3H illustrate an advantage of the
embodiment of the present invention;

Fig. 4 is a system diagram illustrating an embodiment
of the present invention;

Fig. 5 is a flowchart illustrating an embodiment of the
present invention;

Fig. 6 is a flowchart illustrating another embodiment

of the present invention; and

Figs. 7A to 7H illustrate a related art.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
<1> Cutline of embodiment of the present invention
Figs. 1A to 1F illustrate an outline of image
processing according to an embodiment of the present
invention. Referring to Fig. 1A, reference numeral 11
denotes one of original images captured by intermittent
shooting by a digital still camera. More specifically, the

original image 11 is one of images autcomatically captured by



the digital still camera hung near a passenger's seat of a vehicle at
intervals of 10 seconds, for example, in a traveling direction as described
above. Then, an edge extracting process is performed on the original
image 11, so that an edge image 12 illustrated in Fig. 1B is obtained.
Then, straight lines are extracted from the edge image 12, so that a line
image 13 illustrated in Fig. 1C is obtained. Among the straight lines
constituting the line image 13, some straight lines can be regarded as

part of straight lines radially extending from the point at infinity (vanishing
the hist) i pershbetve HrWmgh O theHsIS of thisSEoHERPt, exterigions 2

are assumed_for all.the straight lines cqnstituting the line,image 13 as
Ve liiidtra éléd i Fig- 1D, and a g%?nfg = %ﬁ%sré th%eO argexsa%mﬁilr%be%lgf °

¢ r 2 FXIENSIONS; CQIVErge OF rossds sehasiaManishing point. After the
vanishing point Px has been set, the original image 11 is trimmed so that

thehanjshing pdint Pxsts riacluded ipadraase (final mmade)rwhéreby ahe
trimmed image 14 illustrated in Fig. 1E is formed. In this case, the range
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FromBne edge image 12, so that a line image 13 illustrated
in Fig. 1C is obtained. Among the straight lines
constituting the line image 13, some straight lines can be
regarded as part of straight lines radially extending from
the point at infinity (vanishing point) in perspective
drawing.

On the basis of this concept, extensions are assumed
for all the straight lines constituting the line image 13 as.
illustrated in Fig. 1D, and a point Px where the largest
number of extensions converge or cross 1s set as a vanishing
point.

After the vanishing point Px has been set, the original
image 11 is trimmed so that the vanishing point Px is
included in a frame (final image), whereby a trimmed image
14 illustrated in Fig. 1E is formed. In this case, the
range of trimming is set so that the vanishing point Px is
positioned at the center of the frame and that the area of
the range is 50% of the area of the original image 11, for

example, as indicated by a chain line TRMG in Fig. 1D.



6 Then, the trimmed image 14 is scaled up into an image 15 having the
same size as that of the original image 11, as illustrated in Fig. IF, and
the image 15 is stored as a final corrected image. The above-described
process is performed on all the images that are to be reproduced in a
slide show. With the above-described process, significant variations of a
main subject and an entire composition in each image do not occur
during slide-show reproducing, as illustrated in Figs. 7A to 7H.
Accordingly, eye-friendly and less fatiguing slide-show reproducing, can
b Brovided: < 25THERE otBapProgtiate imagesth te cdsewRere Mok
appropriate slide-show. reproducing is to.be realized, the followin
15 1&% r%%%najgmp%éggéeshs&uﬁ daé%iré %/%eoger (glr(reneodr i"\lr“lgtfﬁgaa"{i))o%/réh-51 esc%"ll]:iédas
111PLRCEsSsl™> £ 2:1 3 Set fimming area Fakgxample; in the.originaldmage
11 illustrated in Fig. IA, the range defined by the chain line TRMG in Fig.
findD issetasadrimming ared {the sange effectiveiindrimmingk andis
becomes the final corrected image 15. However, for example, if the digital
per §tireamera sighificaitly SHakestd-catisé fife 6Pt akRPtherdtits be!t 2

Sli%%regtﬁgwo.bhquely downward during shooting, whereby the original image

With the above—described process, significant
variations of a main subject and an entire composition in
each image do not occur during slide-show repreducing, as
illustrated in Figs. 7A to 7H. Accordingly, eye-friendly
and less fatiguing slide-show reproducing can be provided.

<2> Form more appropriate images

In the case where more appropriate slide-show
repreducing is to be realized, the following correcting
process should desirably be performed in the above-described
process <1l>.

<2-~1> Set trimming area

For example, in the original image 11 illustrated in
Fig. 1A, the range defined by the chain line TRMG in Fig. 1D
is set as a trimming area (the range effective in trimming)
and becomes the final corrected image 15. However, for
example, 1f the digital still camera significantly shakes to
cause the optical axis thereof to be directed obliquely
downward during shooting, whereby the original image 11

illustrated in Fig. 2A is captured, the trimming area TRMG



illustrated in Fig. 2A is captured, the trimming area TRMG 7 lies off the
upper edge of the line image 13 of the image 11, as illustrated in Fig. 2B.
In such a case, the final corrected image 15 has a blank area (non-image
area) BLNK at the upper side as illustrated in Fig. 2C. The blank area
BLNK is displayed in black during slide-show reproducing, which is
undesirable. In the example illustratéd in Figs. 2A to 2D, if the blank area
BLNK occurs as illustrated in Fig. 2C, the entire corrected image 15 is
extended upward to fill the blank area BLNK, thereby being corrected to
11e@ninfagentsAasdliustrated drf Figi2Dl Aceordingly, the bldnkcaeaiBlagk 11,
does not appear in slide-show reproducing. The corrected image 15A is
as igbtaipedaby dertically 8xtefiding the image 15. The content of the

carrected image 15A is continuous, to the igus and .subseqyent
im'ﬁbe%%% %eq?nsa%’e fis%éiggl”éygg”fé‘:é?r\ﬁ)%% mon”?entl(e.g., for8.8

b1 a:5600ds) during slidesshow reproduging » which:does et cause apser to
feel unnaturalness. In order to detect whether the trimming area TRMG

111 lies roff the line image 18 (image=1b)las:ilustratedBiFig. 2B, da simeiirg 10
OK area TROK is set in the line image 13. That is, the trimming OK area
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trimming OK area TRO.I&
In the example 1

YREN .ied in Figs. 2A to 2D, if the
blank area BLNK occurs as illustrated in Fig. 2C, the entire
corrected image 15 is extended upward to f£ill the blank area
BINK, thereby being corrected to an image 15A as illustrated
in Fig. 2D.

Accordingly, the blank area BLNK deces not appear in
slide-show reproducing. The corrected image 15A is obtained
by vertically extending the image 15. The content of the
corrected image 15A is continuous to the previous and
subsequent images and the image 15A is displayed for only &
moment (e.g., for 0.8 seconds) during slide-show reproducing,
which deoes not cause a user to feel unnaturainess.

In order to detect whether the trimming area TRMG lies
off the line image 13 {image 11) as illustrated in Fig. 2B,
a trimming OK area TROK is set in the line image 13. That
is, the trimming OK area TROK is set so that the vanishing
point Px is positioned inside the trimming OK area TROK when

the trimming area TRMG does not lie off the line image 13

(image 11) and that the vanishing point Px is positioned



the trimming area TRMG does not lie off the line image 13 (image 11)
and that the vanishing point Px is positioned 8 outside the trimming OK
area TROK when the trimm ing area TRMG lies off the line image 13
(image 11). In this way, the presence or absence, the direction (position),
and the size of the blank area BLNK can be detected on the basis of the
position of the vanishing point Px with respect to the trimming OK area
TROK, and the corrected image 15A illustrated in Fig. 2D can be
obtained from the detection result. <2-2> Correct trimming angle The

out sdlsvetescribeding> M applied fORHRE caseiwhidie tHeldigitasti-es
camera is horizontally hun%ﬁr%f;r a assenger'SESFat of a vehicle or on the

TRMG ket Lhserif% profer way! Act ally-iowever: te digital still camera
may_taraorarly ineine 19 De il op lef duina.Binning of the vehisle or
walking of the user. In such a case, images captured at that time also

(podnelingand thus aredot eye- friendhewbeabeing-repraducediara skide
show. In this case, the following process is performed after respective

det evamishing points Pscahe RX afé setrin Wb 1 sequichtiahindges-hijangdaint
(1) The image n is shifted so that the vanjshing paint Px
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corrected image 15A illustrated in Fig. 2D can be obtained
from the detection result.

<2-2> Correct trimming angle

The above-described <2-1> is applied to the case where
the digital still camera is horizontally nung near a
passenger's seat of a vehicle or on the neck of a user in a
proper way. Actually, however, the digital still camera may
temporarily incline to the right or left during running of
the vehicle or walking of the user. In such a case, images
captured at that time also incline and thus are not eye-
friendly when being reproduced in a slide show.

In this case, the following process is performed after
respective vanishing points Px and Px are set in two
sequential images (n-1) and n.

(1) The image n is shifted so that the vanishing point
Px of the image n matches the vanishing peint Px of the
image (n—-1).

(2) The image n is rotated about the vanishing point Px

so that the extensions giving the wvanishing point Px in the



image (n-1). (2) The image n is rotated about the vanishing point Px so
that the extensions giving the vanishing point Px in the 9 image n match
the extensions giving the vanishing point Px in the image (n-1). (3) Then,
_the trimming process from <2-1> is performed. With this process, a final
image does not incline even if the digital still camera temporarily inclines
to the right or left, so that eye-friendly slide-show reproducing can be
performed. <3> Result of process Figs. 3A to 3H illustrate a result
obtained by performing the above-described processes <1> and <2> on
imadhenimeagesillusteated i Figs 7A @1 FHIBIgE 'BA Yo BHS tdiEspstidifo £
~ Figs. 7Ato 7H, respectively. According to Figs. 3A to 3H, the content of
in YhrgeBtHandges in accordance with the shooting intervals, but the

p%ﬁiﬁ'%ﬁéﬁ m%lﬂes%bf%%&r%r}%a% f@%@%%%@%ﬁiﬂ% are stable,compares;
.to ose in the unprocessed images (Figs. 7A to 7H). Therefore, if those
images arg reprodused dn asslidershiow. theyimagess canhei easilyrseeaven
and the viewer does not feel fatigue. <4> Configuration of apparatus The
if {aboveidescibed piddessessd> dnde2szan be iddizétdy dedicated
hardware. Hereinafter, a description
right or left, so that eye-friendly gslide-show reproducing
can be performed.
<3> Result of process
Figs. 3A to 3H illustrate a result cbtained by
performing the above-described processes <1>» and <2> on the
images illustrated in Figs. 7A to 7H. Figs. 3A to 3H
correspond to Figs. 7A to 7H, respectively. According to
Figs. 3A to 3H, the content of images changes in accordance
with the shooting intervals, but the position of a main
subject and an entire composition are stable compared to
those in the unprocessed images (Figs. 7A to TH). Therefore,
if those images are reproduced in a slide show, the images
can be easily seen and the viewer does not feel fatigue.
<4> Configuration of apparatus
The above-described processes <1> and <2> can be
realized by dedicated hardware. Hereinafter, a description
is given about the case where the processes <1>» and <Z> are
realized by a personal computer.

With reference to Fig. 4, a personal computer 30

includes a CPU {central processing unit) 31 to execute



is given about the case where the processes <1> and <2> are realized by
a personal computer. With reference to Fig. 4, a personal computer 30
includes a CPU (central processing unit) 31 to execute 10 various
programs, a nonvolatile memory 32 to store an ‘initial program loader, a
RAM (random access memory) 33 serving as a work area, and an HDD
(hard disk drive) 34 serving as a h?g@w-capacity storage device. The
nonvolatile memory 32, the RAM 33, and the HDD 34 connect to the CPU
31 through a system bus 39. In this case, an OS (operating system) and
varlgaroust appheation progranist diel grovitiEtin ¥he HO 33 3R afsh a

.. routine 100 illustrated.in Fig. 5 is provided. as part of the licatio
mltﬁr‘égré)rﬁggmé”rolu?f%%elﬁo, the gtal(lé thereor %%?negsaeg%r?lﬁ%%ﬁée%\%v, is

semf%%eaglglrgg theaboyezdescribgd progess tiz-Higabdlustrates pnlythe
part related to an embodiment of the present invention. Assume that the
se rvapplicaton program-costespondingctozhe rdatine200 ist provided vid 1 le
recording medium such as a CD-ROM (compact disc-read only memory
mencgarrying tHe&ppitatien pragrdm: i< rBRd bya reddef %t?%s@h@e&f%nél
is stored in the HDD 34, Alternatively, the application program may be
ERr QRS iitsd Inolgh e fiitérnet and stored in the HDDpB4(.J Further)rqmre,

thﬁnorjaq{ri@ i@%@? (ig}?‘%sda(tégggﬁg%ing system) and various
application programs are provided in the HDD 34, and also a
routine 100 illustrated in Fig. 5 is provided as part of the
application programs. The routine 100, the details thereof
being described below, 1s for zealizing the above-described
process <1>. Fig. 5 illustrates only the part related to an
embodiment of the present invention. Assume that the
application program corresponding to the routine 100 is
provided via a recording medium such as & CD-ROM (compact
disc-read only memory) carrying the appliéation program, 1is
read by a reader (not illustrated), and is stored in the HDD
34. Alternatively, the application program may be
transmitted through the Internet and stored in the HDD 34.

furthermore, the original images (image data of tThe

original images) illustrated in Figs. 7A to 7H are provided
in the HDD 34, and the corrected images (final images)
illustrated in Figs. 3A to 3H are stored therein after
execution of the routine 100.

Also, an input device 35, a card reader 36, and an USE



original images) illustrated in Figs. 7A to 7H are provided in the HDD 34,
and the corrected images (final images) illustrated in Figs. 3A to 3H are
stored therein after execution of the routine 100. Also, an input device 35,
a card reader 36, and an USB 11 (universal serial bus) port 37 connect to
the system bus 39. In this case, the input device 35, such as a keyboard
and a mouse, is operated by a user-to input instructions or data, and the
card reader 36 is used to access data in an external memory card (not
illustrated) when the memory card is inserted. Furthermore, the USB port
(un Brisaskdt®Hctess datakin Bh ekferalrUSB décd Wheh tié YsBus 39.
device is connected to a USB connector 38. IrkFi .84, a digital stil&carrr;graa

in tébl% c%‘?l_ﬁ%cte% U B Sonattor38, Ahd Intages cap Itt?r%a]f)y e
moudigital still camera,5Q, that isatigipgl images to-he corrected in dhe gata,

process <1>, are taken in. Note that, if the digital still camera 50 stores
and captured imnages dr a memosy carskinot ilustrated)dacluded thereinxard ifal
the memory card can be removed from the digital still camera 50, the
memariginal rithagestcaptured sathecigitalsstil damerasocan-6e thkeh in by
~setting the memory card to the card reader 36, The original images taken
ms%ﬁ%#r thef §igharSHN O Emera 50 &ré stored ir%i]ell’glmgs@ and are “=>°

datgoygcg%jggbgrnal USB device when the USB device is
connected to a USB connector 38.

Tn Fig. 4, a digital still camera 50 is connected to
the USB connector 38, and images captured by the digital
still camera 50, that is, original images to be corrected in
the process <1>», are taken in. Note that, if the digital
still camera 50 stores captured images in a memory card (not
illustrated) included therein and if the memory card can be
removed from the digital still camera 50, the original
images captured by the digital still camera 50 can be taken
in by setting the memory card to the card reader 36.

The original-images taken in from the digital stilil
camera 50 are stcred in the HDD 34 and are corrected to the
images as illustrated in Figs. 3A to 3H when the routine 100
ig executed.

Furthermore, the personal computer 30 includes an audio
reproducing circuit 41 and a display control clrcuit {GDC:
graphic display controller) 43, which connect to the system

bus 39. The audio reprcducing circuit 41 performs a



images as illustrated in Figs. 3A to 3H when the routine 100 is executed.
Furthermore, the personal computer 30 includes an audio reproducing
circuit 41 and a display control circuit (GDC: graphic display controller)
43, which connect to the system bus 39. The audio reproducing circuit 41
performs a 12 decoding process based on MP3 (MPEG (Motion Picture
Experts Group)-1/audio layer 3) orlthe like as necessary when being
supplied with digital audio data, D/A (digital to analog)- converts the digital
audio data to analog audio signals, and supplies the analog audio signals
decddanspeakerd2s The slisplay: coiftiol Giretiit 43Mncludes Baddeo RAMO®BE S
illustrated). Data to be displayed is supplied to the video RAM andis |
Groygpeatedificadianptédebrinetiiftetvale §5°a8 568 Tohverted o Vidko?

supSignels. Then. she yidep siguels are spolid 0 g display 4¢ andimages.

aré “displayed eon. <56> Operation 6f apparatus’Now, the operation
con@hEprocgss iy the-ersanal compter 39 ilustrated in:Rigo 4gnals, and

described with reference to Figs. IA to 2D. <5-1> Operation of performing
suprahlyeeorteetiomial process xd >dnghis lcasepaftersthe powerof the
personal computer

The display control circuit 43 includes a video RAM
(not illustrated). Data to be displaved is supplied to the
video RAM and is repeatedly read at precdetermined intervals
so as to be converted to video signals. Then, the video
signals are supplied to a display 44 and images are
displayed thereon.

<5> QOperation of apparatus

Now, the opesration and process in the personal computer
30 illustrated in Fig. 4 are described with reference to
Figs. 1A to 2D.

<5-1> Operation of performing only correction in
process <1$

in this case, after the power of the personal computer
30 has been turned on, the initial program loader in the
nonvolatile memory 32 is executed by the CPU 31, and the 03
is read from the HDD 34 and is executed after being
transferred to the RAM 33, so that wailt for executicn of the
application program occurs. Then, if instructions to

execute the routine 100 are provided through an operation of

the input device 35, the routine 100 is read from the HDD 34



30 has been turned on, the initial program loader in the nonvolatile
memory 32 is executed by the CPU 31, and the OS is read from the HDD
34 and is executed after being transferred to the RAM 33, so that wait for
execution of the application program occurs. Then, if instructions to
execute the routine 100 are provided through an operation of the input
device 35, the routine 100 is read from the HDD 34 13 and is transferred
to the RAM 33, so that the execution of the routine 100 is started. In the
routine 100, the process is started from step 101 by the CPU 31. Then, in
and step 102pa fiest imageambry RAY ofiginat imades storad rrthetHDD 34 L
that is, the original image 11 (Fig. 1A), is selected to be processed. In
the slfé’bliif,eedé}gekﬁa&WiE rformed on the target image 11. As a

metho for theu%Q%%.efH?C“%Q (?é%%é‘%g’sthfs method dgsenbed Ly,

Canny: " égmputatlona Approach to "Edge Detection”, IEEE
101 TransaclionsipmRatten Analysis-and: ddaching Inteligence,¥elo8, Nocty
Nov. 1986 can be used, for example. Then, in step 112, straight lines are
the extragtedsftonmmthesedge: mmage 12 forintediPistép 111tand the linglifmage
13 (Fig. 1C) is formed. As a method for extractin(g strai%ht lines from the
origyyeimEged and dbtdningMe lind imagge13ec “o Pe processed.

In step 111, edgé extraction is performed on the target
image 11.

As a method for the edge extraction in step 111, the
method described in J. Canny: "A Computational Rpproach to
Edge Detection”, IEEE Transactions on Patten Analysis and
Machine Intelligence, Vol. 8, No. 6, Nov. 1986 can be used,
for example.

Then, in step 112, straight lines aré extracted from
the edge image 12 formed in step 111 and the line image 13
(Fig. 1C) is formed. As a method for extracting stralght
lines from the edge image 12 and obtaining the line image 13,
a line extraction method based on Hough transformation may
be adopted. The Hough transformation is described in P.V.C.
Hough, "Method and means for recognizing complex patterns",
U.S. Patent 30696%4, 1%62, or Duda, R.0O. and P.E. Hart, "Use
of the Hough Transformation to detect Lines and Curves in
Pictures™, Comm. ACM, Vol. 15, pp. 11-15 (January, 1972).

Then, in step 113, the point Px where the largest

number of extensions of the straight lines in the line image



a line extraction method based on Hough transformation may be adopted.
The Hough transformation is described in P.V.C. Hough, "Method and
means for recognizing complex patterns”, U.S. Patent 3069654, 1962, or
Duda, R.O. and P.E. Hart, "Use of the Hough Transformation to detect
Lines and Curves in Pictures”, Comm. ACM, Vol. 15, pp. 11-15 (January,
1972). Then, in step 113, the point Pk where the largest number of
gx_tensions of the straight lines in the line image 14 13 converge or cross
is set as a vanishing point (Fig. 1D). Then, in step 114, the original image
13 cdnisdriouned serthatthiesrange FRMG indFig siDie af @ffebtive ighgel 2 -

(Fig. 1E). That s, the image 11 is trimmed so, that the vanishing. point P
isPettiontd &t tRe center of fie framé dinal &Wgﬁea%méﬁéﬁ%ﬁé%%qhgf)

the area of the r, is 50%. of that of the griginal.image.1 eby 1
thafim%%% 14758 g%rrﬁ%%STﬁgn ,é?hgstegaélé ,étr%%ri?q‘ﬁ%%d%%%e ]fi\ééﬁepdy ﬁ?e
1g) Steprylld is scaledup fo.the size same.asdhatiobthetoriginalhinagen1thing

so that the final corrected image 15 is formed (Fig. IF). In step 116, the
poigoregtetsimagei 15 isstoredtint the HBDE84. IaGtéfm¢. 21r iis déferiided

whether the above- described correcting process has been perfornge% 89 of

cor pfihe dnidReqall e Mragdd B be B6rédtEd) Mihe' HDDBRE T

that of the original image 11, whereby the image 14 is
formed.

Then, in step 115, the trimmed image 14 formed in step
114 is scaled up to the size same as that of the original
image 11, so that the final corrected image 15 is formed
(Fig. 1F). In step 116, the corrected image 15 is stored in
the HDD 34. |

Tn step 121, it is determined whether the above-
described correcting process has been performed on all the
images (all the images to be corrected) in the HDD 34. If
an uncorrected image remains, the process proceeds from step
121 to step 122. 1In step 122, a next uncorrected image is
selected and the process returns to step 111. Then, the
uncorrected image selected in step 122 is also corrected in
the above-described manner.

Afrer the above-described correcting process has been
performed on all the images stored in the HDD 34, the
completion is determined in step 121, and the process

proceeds from step 121 to step 123. The routineu100 ends in



an uncorrected image remains, the process proceeds from step 121 to
step 122. In step 122, a next uncorrected image is selected and the
process returns to step 111. Then, the uncorrected image selected in
step 122 is also corrected in the above-described manner. After the
above-described correcting process has been performed on all the
images stored in the HDD 34, the éompletion is determined in step 121,
and the process proceeds from step 121 to step 123. The routine 100
ends in 15 step 123. As described above, the routine 100 realizes the
stepotréeting process <1>. Accordingly, significant variations of a main
subject and an entire_composition in each image. can he, prevented during
S R OGRS ikt By B Hierely e Taddirg Bide-show

corFeproduging canbe provideds sa:27Qperationaf perfermingalsg i ations

formation of more appropriate images in process <2> In this case, a
of douline:20Qilustratechin Fg. 61is: previdedinstead ofitherrosting 100:dne
the HDD 34, and the routine 200 is executed by the CPU 31. Here,
can gesumesthar thel applicativnsprogrart based Ynthe ¥8dtine 200 is providess ~
. via a recording medium such as a %I]g-RO carryggéhe %ppllcatlon

£2 3 gr6igrant s rédth by htbader ot ftustiated) ™ odu he cen

provided.

<5-2> Operation of performing alsc formation of more
appropriate iméges in process <2>

In this case, a routine 200 illustrated in Fig. © is
provided instead of the routine 100 in the HDD 34, and the
routine 200 is executed by the CPU 21. Here, assume that
the application program based on the routine 200 is provided
via a recording medium such as a CD~ROM carrying the
application program, is read by a reader (not illustrated),
and is stored in the HDD 34. Alternatively, the application
program may be transmitted through the Internet and stored
in the HDD 34.

In the routine 200, the process is started from step
201 by the CPU 31. Then, in step 202, a first image among
the original images stored in the HDD 34, that is, the
original image 11 (¥Fig. 1lA), is selected to be processed.
In step 211, edge extraction is performed on the target
image 11, so that the edge image 12 (Fig. 1B) is formed.

Then, in step 212, straight lines are extracted from



and is stored in the HDD 34. Alternatively, the application program may
be transmitted through the Internet and stored in the HDD 34. In the
routine 200, the process is started from step 201 by the CPU 31. Then, in
step 202, a first image among the original images stored in the HDD 34,
that is, the original image 11 (Fig. 1A), is selected to be processed. In
‘step 211, edge extraction is performé&d on the target image 11, so that the
edge image 12 (Fig. 1B) is formed. Then, in step 212, straight lines are
extracted from 16 the edge image 12 formed in step 211 and the line

the image 131¢Biy. 12) foforardi Thensin stép 228dthelsoirtiPg whedd Gthé 3
largest number of extensions of the strai%gt lines in the line, imaqge 13

(Figonberge-r cras8 T iset d5'4 Vanishing- Poirt (Fig. 107, Ffe: n Stop 25T
the twlg%ert sgﬁ%mwn%99@?@&%%&@&?@9@%@% icefabgence, of

e vanishing point Px) is determined. If it is determined that the
the VRNishingpeiat 1PX was setdhe procassgyoeeedsfromsstap 224 foistep
222. In step 222, the above-described process (1) is performed, whereby
poirthe irfiage nli shifted so that the vanishing point Px in the image n
matches the vanishingq point Px in the image (n-1). Then, in steér)] 223, the

aboveRdescribed Process (28 petfortiad, WhBreby the imagsn is* *<°

|
setrggu%%ggo%gge(presence/absence of the wvanishing point Px)

is determined. If it is determined that the vanishing point
Px was set, the process proceeds from step 221 to step 222.
In step 222, the above-described process (1) is performed,
whereby the image n is shifted so that tﬁe vanishing point
Px in the image n matches the vanishing point Px in the
image (n-1). Then, in step 223, the above-described process
(2) is performed, whereby the image n is rotated about the
vénishing point Px so that the extensions giving the
vanishing point Px in the image n match the extensions
giving the vanishing point Pz in the image (n-1).

The previous image (n-1) is temporarily stored in the
RAM 33 for steps 222 and 223. When the first image (n=1) 1is
processed, a reference image n=0 does not exist, and thus
steps'222 and 223 are not performed.

Then, the process proceeds to step 224, where it is
determined whether the vanishing point Px is positioned'in
the trimming OK area TROK (Fig. 2B). If the vanishing point

Px is positioned in the trimming OK area TROK, the process



vanishing point Px so that the extensions giving the vanishing point Px in
the image n match the extensions giving the vanishing point Px in the
image (n-1). The previous image (n-1) is temporarily stored in the RAM
- 33 for steps 222 and 223. When the first image (n=l) is processed, a
reference image n=0 does not exist, and thus steps 222 and 223 are not
performed. Then, the process procééds to step 224, where it is
determined whether the vanishing point Px is positioned in the trimming
OK area TROK (Fig. 2B). If the vanishing point Px is positioned in the
prodemining:OK areadROK, the process 27 -proceeds from step 224 to step
226. On the other hand, if the vanishing point Px is not positioned in !;Che

triAmiTPORTAYRA TROR; thefprotsy Proted¥ B &tap 2240 Step

225, where the original image is n c t rea
pos%ﬁ\dﬁzeadg iﬁ&st%aﬁgd 2%%?851 anda%%TﬁZE??g? 'thogég%g?%ﬁl?rﬁggi 11is
prodxdended.inthe direction where the vanishingipoirt Px «deviates from theage

trimming OK area TROK by the deviation. Then, the process proceeds to
11 step226nkixstep @26ptherorigirakiffage Bl (or thélifage éxtendéd afed

step 225) is trimmed so that the range TRMG illustrated in Fig. 1D is a
in RAmningaréa grig LE). Tkt ié:ﬁme%&?giﬁéﬁﬁjaa%ﬁll@%ﬁ% ed &6 that

exté@%ggn§gw%%e direction where the vanishing point Px

deviates from fhe trimming OK area TROK by the deviation.
Then, the process proceeds to step 226.

In step 226, the criginal image 11 (or the image
extended in step 225) is trimmed so that the range TRMG
illustrated iﬁ Fig. 1D is a trimming area (Fig. 1E). That
is, the original image 11 is trimmed so that the vanishing
point Px is positiocned at the center of the frame (final
corrected image 13) and that the area of the range is 50% of
the area of the original image 11, whereby the image 14 is
formed.

Then, in step 227, the trimmed image 14 formed in step
226 is scaled up to the same size as that of the original
image 11 and the final corrected image 15 (ox 152) is formed
(Fig. 1F or Fig. 2D). In step 228, the corrected image 15
is stored in the HDD 34.

Then, in step 231, it is determined whether the above-
described correcting proceés has been performed on all the

images (all the images to be corrected) in the HDD 34. If



point Px is positioned at the center of the frame (final corrected image 15)
and that the area of the range is 50% of the area of the original image 11,
whereby the image 14 is formed. Then, in step 227, the trimmed image
14 formed in step 226 is scaled up to the same size as that of the original
image 11 and the final corrected image 15 (or 15A) is formed (Fig. 1F or
Fig. 2D). In step 228, the corrected’i age 15 is stored in the HDD 34.
Then, in step 231, it is determined whether the above- described

correcting process has been performed on all the images (all the images
an WRPEESTEGEd)iEE HDD B 7 18 b BricofrettedPivage fémdingthateP

process pr ds from step 231 1o step.232. In step.232,.a next. .
231 _utn%o?ré%gezzﬁ?n?age gnsg’rteg%d? én?innsﬁ:é% 2%1§,Ct }éri(r%ncatg% n selected in
selSteR432 is compared with the previous image (n-1). In step 234, the
similarity between the images n and (n-1) is determined. If the similarity
hasapredeterminedambye ohmoreztiis deteriimerkthat thesineages3a 1s
and (n-1) are sequential sceneries and the process returns from step 234
compg s PN THeR, eliictitectét ifage sdlected i stdiEP3zid, the

rrected in the abovggldeesi:rrrilged mann tween t

Sim#ﬁ%@%&¥1a&fﬂ%ﬁ?hasa ges 1n gﬁd”¥§z?pﬂggqﬁg%ermlne8. It
the similarity has a predetermined value cr more, it is
determined that the images n and (n-1) are sequential
sceneries and the process returns from step.234 to step 211l.
Then, the uncorrected image selected in step 232 1is
corrected in the above-described manner.

Tf the similarity between the images n and (n-1) has a
value smaller than the predetermined value in step 234, it
is determined that the images n and {(n-1) are not seguential
sceneries, and the process proceeds from step 234 to step
235. In step 235, the uncorrected image selected in step
232 is regarded as a first image as 1in step 202, and the
process returns to step 211. Accordingly, step 211 and the
subsequent steps are performed while the uncorrected image
seiected in step 232 being regarded as a first image, and
correction is performed in the above-described manner.

Then, after the above-described correcting process has
been performed on all the images stored in the HDD 34, the
completion 1s determined in step 231, and the process

proceeds from step 231 to step 236. In step 236, the



value smaller than the predetermined value in step 234, it is determined
that the images n and (n-1) are not sequential sceneries, and the process
proceeds from step 234 to step 235. In step 235, the uncorrected image
selected in step 232 is regarded as a first image as in step 202, and the
process returns to step 211. Accordingly, step 211 and the subsequent
steps are performed while the uncotfécted image selected in step 232
being regarded as a first image, and correction is performed in the
above-described manner. Then, after the above-described correcting
rou'processihas béen performed on all the images stored in the HDD 34, the
completion is determined in step 231, and the process proceegsﬁrome g

stép 231505180 238 R 180236 the 10 ‘13ULINE 00'ends H tHé
if YRRishingpoint Px is notset in step,221 (e.gy <if onlythe harizopyor & e

person exists in the image), the process proceeds from step 221 to step
procddsWhere aqrecessoforaia:yarishingpaintd?x isiierfarmess anddheress
the process proceeds to step 231. As described above, the routine 200
for can realizesthien provess k2Bxfok indre pprosiiate ImAges #itadditioR feCesS
the correcting process <1>, so that more eye-friendly and less fatiguing

ProgHigednb® rebrdducing can be provided. <6> Conclusion

4s described above, the routine 200 can realize the
proéess <2>» for more appropriate images in addition to the
correcting process <1>, so that more eye-friendly and less
fatiguing slide-show reproducing can ke provided.

| <6> Conclusion

According te the above-described system, significént
variations of a main subject and an entire composition in
each image do not occur during slide-show reproducing, as
illustrated in Figs. 3A to 3H. Thus, the images are very
eye~friendly and the viewer does not have feeling of fatigue
cr sickness like motion sickness.

~Fuarthermore, even 1f the digital still camera
temporarily inclines to the right or left, the final image
does not incline and is eye-friendly when being reproduced
in a slide show.

<7> QOthers

In the above-described embediment, the original image
11 may be scaled down to a size (the number of dots) for

easy process, the process <1> may be performed on the



According to the above-described system, significant variations of a main
subject and an entire composition in each image do not occur during
slide-show reproducing, as illustrated in Figs. 3A to 3H. Thus, the images
are very eye-friendly and the viewer does not have feeling of fatigue or
sickness like motion sickness. Furthermore, even if the digital still camera
temporarily inclines to the right or I€f, the final image does not incline and
is eye-friendly when being reproduced in a slide show. <7> Others In the
above-described embodiment, the original image 11 may be scaled down
sca todrsizefthemumberofdots)for sdasy! procEssItha procesdc 15 May bend
performed on the 20 scaled-down imgge So as to set the trimmir}%ﬁang%

the 'I’CFEN’F@“%% ﬁ?@ﬁﬁnﬁ%%ra‘ﬁ@@ 'ﬁ@l\/l_ iy B2 &Spliedtothe drigial ~29¢

12, "0e,11. 99.0hdf ihe fnal coeciedimage, 15 canbe ofaineg- In the.
above-described embodiment, the vanishing point Px is positioned at the
certer-olihgfearae final copestednimagedh). Haneverathesvanishipg int
point Px is not necessarily positioned at the center of the frame, but the

Px positioniof the sdnishingpoineRk é5-fixed hsequeatial frakiest Feprrected

~example, the position may be set by a user. As described above, the

imag®oy -)descHBé@}B%esE}l@ vanishing polnt Fx 1s not

necessarily positioned at the center of the frame, but the
position of the vanishing point Px is fixed in sequential
frames. For example, the position may be set by a user.

As described above, the above-described process 1is
effective to images that change with correlation, and is
thus more effective to moving images captured by a digital
movie camersa,

Turthermore, in the above-described embodiment, the
trimmed image 14 is scaled up in step 227 in order to obtain
the final corrected image 15 having the same size as that of
the original image 11. Alternatively, the trimmed image 14
may be scaled up or down to the size set by & user, e.g., Lo
the size having the number of dots equal to the number of
dots of the display 44, so as to obtain the final corrected
image 10. |

It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements

and other factors insofar as they are within the scope of



the

effective to images that change with correlation, and is thus more
effective to moving images captured by a digital movie camera.
Furthermore, in the above-described embodiment, the trimmed image 14
is scaled up in step 227 in order to obtain the final corrected image 15
having the same size as that of the original image 11. Alternatively, the
trimmed image 14 may be scaled #g or down to the size set by a user,
e.g., to the size having the number of dots equal to the number of dots of
the display 44, so as to obtain the final corrected image 15. It should be
ungerstoed by those skiled e thecart haevdrous mbafitations,
combinations, sub-combinations and alterations may occur depending on
design requirements and other factors insofar as they are within the
scope of 21 the appended claims or the equivalents thereof. 22 Claims:
1. An image processing method comprising the steps of: extracting edges
from each of a plurality of original images, thereby obtaining edge
images; extracting straight lines from the edge images, thereby obtaining
line images; assuming extensions of the straight lines constituting



the line images and setting vanishing points on the basis of the
extensions; and trimming the plurality of original images so that positions
of the vanishing points in the respective original images mutually match,
thereby obtaining final images. 2. The image processing method
according to Claim 1, wherein, if a non-image area exists in any of the
original images when the original iMdges are trimmed so that the
positions of the vanishing points in the respective original images
mutually match, the original image is extended to fill the non-image area.
Clai3uThe image processing method according to Claim 1 or 2, wherein,
when the original images are trimmed so that the positions of the
vanishing points in the respective 23 original images mutually match,

inclinatipn %EE{?&“' inal Images i5 copsgted 50 that the staightinesdn ¢,
the line images obtained from the respective original images mutually
matehr 4 The dmage £rocessing mathed agcaidingo:Glain 4, 2rog3nal
wherein, when the final images are obtained by the trimming, the images
ima@ssa resuitoilitiye tirhming have @osizé rzased on the original images.
extracting straight lines from the edge images, thereby
obtaining line images;
assuming extensions of the straight lines constituting
the line images and setting vanishing points on the basis of
the extensions; and
trimming the plurality of original images so that

positions of the vanishing points in the respective original

images mutually match, thereby obtaining final images.

2. The image processing method according to Claim 1,

wherein, if a non-image area exists in any of the
original images when the original images are trimmed so that
the positions of the vanishing points in the respective
original images mutually match, the original image is

extended to fill the non-image area.

3. The image processing method according to Claim 1 or
2,
wherein, when the original images are trimmed sc that

the positions of the vanishing points in the respective



5. The image processing method according to any one of the proceeding
claims, wherein the images as a result of the trimming are stored in a
storage device. 6. A recording medium carrying an image processing
program that allows a computer to execute the steps of: extracting edges
from each of a plurality of original images, thereby obtaining edge images;
extracting straight lines from the edge images, thereby obtaining line
images; assuming extensions of the straight lines constituting the line
images and setting vanishing points on the basis of the extensions; and
or ig@24diimiming ¢lve plurakty bf originalh imdges. dortHat positibns ot theiginal
vanishing points in the respective original images mutually match, thereby

imagstaihthg ArAlSMages. 5P, An hadé Processing Sppataas comprising: i
imag%f & giacting C%f_%ﬁ%rg%agg @9#888(5@8?%%9@%@? each of aplyrality,

of original images, t y obtaining edge images; a line image circuit

matgonfigured to extract straight lines from the edge images, thereby
obtaining line images; a vanishing point setting circuit configured to
assume extensions of the straight lines constituting the line

4. The image processing method according to Claim 1, 2
or 3,

wherein, when the final images are cbtained by the
trimming, the images as a result of the trimming have a size

based on the original images.

5. The image processing method according to any cne of
the proceeding claims,
wherein the images as a result of the trimming are

stored in a storage device.

6. A recording medium carrying an image processing
program that allows a computer to execute the steps of:

extracting edges from each of a plurality of original
images, thereby obtaining edge images;

extracting straight lines from the edge images, thereby
obtaining line images;

assuming extensions of the straight lines constituting
the line images and setting vanishing points on the basis of

the axtensions; and



images and set vanishing points on the basis of the extensions; and a
trimming circuit configured to trim the plurality of original images so that
positions of the vanishing points in the respective original images
mutually match, thereby obtaining final images.

24

trimming the plurality of original images so that
positions of the vanishing points'in the respective original

images mutually match, thereby obtaining final images.

7. An image processing apparatus comprising:

an edge extracting circuit configured to extract edges
from ecach of a plurality of original images, thereby
obtaining edge images;

a line image circuit configured to extract straight
lines from the edge images, thereby obtaining line images;

a vanishing point setting circuit configured to assume
extensions of the straight lines constituting the line
images and set vanishing points on the basis of the
extensions; and

a trimming circuit configured to trim the plurality of
original images so that positions of the vanishing points in
the respective original images mutually match, thereby

cbtaining final images.



