1 | MAGE PROCESSI NG METHOD, RECORDI NG MEDI UM CARRYI NG
| MAGE PROCESSI NG PROGRAM AND | MAGE PROCESSI NG
APPARATUS CROSS REFERENCES TO RELATED APPLI CATI ONS
The present invention contains subject matter rel ated
to Japanese Patent Application JP 2008-034235 fil ed
in the Japanese Patent O fiice on February 15, 2008,
the entire contents of which are incorporated herein
by reference. BACKGROUND OF THE I NVENTION 1. Field of
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CROSS REFERENCES TO RELATED APPLTICATIONS

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

contents 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 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 cof 10 seconds,
fOr-example, in a traveling direction. Those images are
still images captured by intermittent shooting and have
continuity in the content. Thus, 1if the images are
sequentially reproduced at short time intervals, e.g., at
time intervals of 0.8 seconds, the images can be seen as 1if
they are flipped through, and a series of motions or changes

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



Figs. 71k to 7H illustrate an exanple of ima
automatically captured by a digitgF still cag:?a hung
near a passenger's seat of a vehicle at intervals of
10 seconds, for. exanple, in a traveling direction
Those images are still images captured by .
intermttent shooting andchave continuity in the
content. Thus, if the inages are sequentially
reproduced at short tinme intervals, e.g., -at tine
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the sightseeing can be realistically reproduced.
A related-art document includes Patent Décumént 1:

Japanese Unexamined Patent Application Publication No. 2003-

250117.

SUMMARY OF_THE INVENTION

However, if the digital still camera is significantly
shaken during shooting; the direction of an optical axis of
the digital still camera significantly changes in accbrdanée
with the shake. For this reason, as illustrated in Figs. TA
to TH, the area occupied-by the sky (the position of the
horizonf randomly changes in the respective images
illustrated in Figs; 78 to 7H. That is, the position of a
main subject and an'entire composition significantly vary in
each imége.

'If such images are reproduced in a slide show, the

position of a main subject and an entire composition

iy



SUMVARY OF THE | NVENTI ON However, if the digita

still canera is significantly shaken during shooting,
the direction of an optical axis of the digital stil
canmera 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
hori zon) random y changes iR the respective i mges
illustrated in Figs. 7A to 711. That is, the position
of a main subject and an entire conposition
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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 direction in each frame during reproducing, those
moving images are not eye-friendly and may cause feeling of
fatigue or sickness.

According to a first aspect of the present invention,
there is provided 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 bagis 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.

With this configuration, sighificant variations of a
main subject and an entire composition in each image can be

prevented in slide-show reproducing, which is eye-friendly

and prevents feeling of fatigue or gickness like motion



This is the sanme in noving images. |f a main subject
and an entire conposition vary in an upward/ downward
or right/left direction in each frame during
reproduci ng, those noving i mages are not eye-friendly
and may cause feeling of fatigue or sickness.
According to a first aspect of the present invention,
there is provided an i mage frocessing nethod
conprising the steps of extracting edges from each of
a plurality of original inmages, thereby obtaining
oi@agesd mges; extracting straight lines fromthe edge
i mges, thereby obtaining Iine imges; assum ng .
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thafe the Extendedns; recordingnmiedl el g tan gfnage
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pluraiity of original images so that positions of the

vanishing points in the respective original images mutually



4a match, thereby obtaining final inmges. BRI EF
DESCRI PTI ON OF THE DRAW NGS Figs. 1A to 1F
illustrate an outline of a process according to an
embodi ment of the present invention; Figs. 2Ato
2D illustrate the outline of the process according to
the embodi ment of the presept invention; Figs. 3Ato
3H illustrate an advantage Yt the enbodi nent of the
present invention; Fig. 4 is a systemdi agram
illustrating an enbodi nent of the present invention;
match, thereby obtaining final images.

BRIEF DESCRIPTICON OF THE DRAWINGS

Figs. 1A to 1F 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 systém 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
<ls> Outline 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 automatically captured by



Fig. 5is a flowhart illustrating an enbodi nent of

the present invention; Fig. 6 is a flowhart
illustrating another enbodi nent of the present
invention; and Figs. 7Ato 7Hillustrate a related

art. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS <1>
Qutline of enbodi nent of the present invention Figs.
|Ato 1F illustrate an outline of inage processing
according to an enbodi ment of the present invention.
reference nuneral 11 denotes

the gafhel O?F@fha?gmﬁﬁaeeueapPeﬁédabya?ﬁ?asﬁrt€eﬁ?at of =
vons 3O Y R fh Ll gSLLLL Saeta, MOtgee
travgfiggaaifgééyoﬁaggUQSQCPXbeé above.

Then, an edge extra;ting 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
frém the edge image 12, so that a line image 13 illustrated
in Fig. 1C is cobtained. 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 (vénishing pbint) 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 is set as a vanishing
point.

After the vanishing point Px has been set, the original
image 11 is trimmed so that the wvanishing 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 1s 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 criginal image 11, for

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



the digital still canera hung near a passenger's seat
of a vehicle at intervals of 10 seconds, for exanple,
in atraveling direction as described above. '
Then, an edge extracting process is perfornmed on the
original image 11, so that an edge image 12
illustrated in Fig. 1B is gbtained. Then, straight
lines are extracted fromthe edge inmage 12, so that a
line image 13 illustrated in Fig. 1C is obtained.
Anong the straight |ines nstituting the. line inage
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straight lines radially extending fromthe.point _a
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vani shing point Px has been set, the original inage
s11adl skt ri nmmed so that the vanishing point Px is
included in a frame (final image), whereby a trinmed
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case, the range of trimmng i s set so that the
varik@ibshki BF ROMAL nPXubs cpasisticonred cat- itrke coapber tabnt he
frame and that the area of the range is 50% of the
eachafneagef doheoar bgicnal durdge kL i deoshexwanppepdasing, as
indicated by a chain line TRMGin Fig. 1D. 6
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15 having the sane size as that of the original inmage
and 1gssagaitliigudtncased dien siicy. rER T csing inige ciepage P3oivgded.
stored as a final corrected inmage. The
atdveldescipbedapproerssaits pERISGEmMed on all the
i mages that are to be reproduced in a_slide show.
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sl i de-show reproduci ng can be provi ded. <2> Form nore
PEOCESpr opritat e i mages

<2-1> Set trimming area

For example, in the original image 11 illiustrated 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, fdr
example, if the digital still camera significantly shakes to
cause the optical axis thereof to be directed obliquely
dewnward during shooting, whereby the original image 11

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



In the case where nore appropriate slide-show
reproducing is to be realized, the follow ng
correcting process should desirably be perforned in
t he above-described process <1>. <2-1> Set trinmmng
ar ea For exanple, in the original imge 11
illustrated in Fig. 1A the range defined by the
chain line TRMGin Fig. 1Dis set as a trinmng area
(the range effective in trinmmng) and becones the
~ final corrected i nage_15. However, for _exanple, i.f
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bl ank area BLNK, thereby being corrected to an
corré@@@@ Ipfyasi b | ysékatpdes nubvgrd2be £i11 the blank area
BLNK, thereby bkeing correéted to an image 15A as illustrated
in Fig. 2D.

Accordingly, the blank area BLNK does 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
sﬁbsequent images and the image 15A is displayed for only a
moment (e.g., for 0.8 seconds) during slide-show reproducing,
which does not cause a user to feel unnaturalness.

Tn 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 positicned 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 positioﬁed



Accordingly, the blank area BLNK does not appear in
sl i de-show reproduci ng. The corrected i mage 15A is
obtai ned by vertically extending the image 15. The
content of the corrected i mage 15A i s continuous to
the previous and subsequent inmages and the i mage 15A
is displayed for only a mogrent (e.g., for 0.8
seconds) during slide-show reproduci ng, which does
not cause a user to feel unnatural ness. I n order
to detect whether the trinmmng area TRMG lies off the
outsjdpetipngeianipgnelea1ty BBOKI FOSEr ARedtFimEYY 282
trinning K area TROK is set in the_|line inmge 13.
TRMG Thaesi QT Lt hBet +iAfRi AG2ER aredalTRER L&) set so that the
vani shing point_Px is positioned inside the trinmmn
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corrggtgﬁtﬁﬁgsg 98t he basi-sref thergsi bhoRaef HEhEhtained
vani shing“point Px wth respect to the trinmng K

fromafg8 JROK-tand t-heygerrected image 15A illustrated in
Fig. 2D can be obtained fromthe detection result.

<22 2> Qb est t kN8 288 Ee The
above-described <2-1> is applied to the case where
thes dighvaldsstbibeaneraliksibonppdhtadl ty hbagcasarwiere
passenger's seat of a vehicle or on the neck of a
the U$6Lthl atpropemmeay. LAchwvalilzynthddevéungt headi git al
still camera may tenporarily incline to the right or
passkafierdar iskgtr vifniangebfi cilee orehircltdicomewad kiftng ofetheén a
user. In such a case, inages captured at that tine
propakswayncl Aeguadd vt hovave motthey elifriitaddisyg idRerapeiragmay
reproduced in a slide show. In this case, the
temppokirdwWyngnsldoessa shperfigivre@rafitedit degpest ppaning of
vani shing points Px and_ Px are set_in two sequenti al
the VvRBEEs S RT1y2amdny. 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 siide 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 pcint Px of the
image (n—-1).

f2) The image n is rotated about the vanishing point Px

so that the extensions giving the wvanishing point Px in the



(1) The image n is shifted so that the vanishing
point Px of the image n matches the vanishing point
Px of the image (n-1). (2) The inage n is
rotated about the vanishing point Px so that the
extensions giving the vanishing point Px in the 9
i mge n match the extensiofns giving the vanishing
point Px in the inmage (neg§. (3) Then, the trimm ng
process from <2-1> is perforned. Wth this

_ process, a final inage does not incline even if th%
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. right or left, so that eye-friendly slide-show

in thepi®adei "§-ean be perforned. <3> Result of process

(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 ieft, 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 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 7H). 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 ﬁroéesses <1> and <2> can be
realized by dedicated hardware. Hereinafter, a description
is given about the case where the processes <1> and <2> are
realized by a personal cémputer.

With reference to Fig. 4, a personal computer 30

includes a CPU (central processing unit) 31 to execute



Figs. B3Ato 3Hillustrate a result obtained by

perform ng the above-descri bed processes <1> and <2>

on the images illustrated in Figs. 7Ato 7H. Figs. 3A

to 31-i correspond to Figs. 7A to 7H, respectively.

According to Figs. 3Ato 3H, the content of inages

changes in accordance wthgthe shooting intervals,

but the position of a nmain subject and an entire

conposition are stable conpared to those in the
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per onal conputer.
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CPU (central processing unit) 31 to execute 10

throM@EIQU§ Progrisns, 3a_nonvol atile menory 32 to store an
initial” program | oader, a RAM (random access nenory)
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drive) 34 serving as a high-capacity storage device.
appl Thet NOAVEL&d ides mener grd2idede iRAMha3HDand4t hentiDDL 34 a

connect to the CPU 31 through a system bus 39.
routinethis thdestant&8 (op€igti hgisystrenjidandavapaptsof the
application prograns are provided in the HDD 34, and
applatsoianroutgneni00 Theustnated iLhOF ghesdesapievibedect
as part of the application programs. The routine 100,
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realizing the above-descri bed process <1>.
proceppustrat eBienl § fhéuparetes) andd tt@eaﬁaéﬁbéégﬁ%ﬁfi op an
the present invention. Assune that the applicatjon
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via a recordi ng nmedi um such as
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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 c¢f the
original images) illustrated in Figs. 7A to 7H are provided
in the HDD 34, and the corrected images {(final imagesf
illustrated in Figs. 3A to 3H are stored therein after
execution of the rcutine 100.

‘Also, an input device 35, a card reader 36, and an USB



Furthernore, the original imges (inmge data of the

original inmages) illustrated in Figs. 7Ato 7H are
provided in the HDD 34, and the corrected i mages
(final images) illustrated in Figs. 3Ato 3H are

stored therein after execution of the routine 100.
Al so, an input device 35, 13 card reader 36, and an
USB 11 (universal serial bus) port 37 connect to
the systembus 39. In this case, the input device 35,
such as a ke boar and a use, is erated by a user
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i Dnbyigettj ng #heiteposyitar damershelcasdcoeadete86to
The original inmages taken in fromthe digital stil
the U&Beranbecape $Boredd nrtlhesHOBP34rend bar éheodrigdted
to the images as illustrated in Figs. 3A to 311 when
stilflheameuti pE, 100.:its isxecutigdnal imapgst Rer wer €orgeted in
personal conputer 30 includes an audi o reproducing
the pireegss 41>andrg didkshaycontlodle ¢hggui tf( tbe digital
raphi c di splay controller) 43, which connect to the -
stildy spEmrBuS 039 OTRE &aBILE TPEPEBAGESng ity AFFCTHL Card (not

erfo a
illu%trated) 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 still
camera 50 are stored in the HDD 34 and are corrected to the
~images as illustrated in Figs. 3A to 3H when the routine 100
is executed.

Furthermore, the persocnal computer 30 includes an audic
reproducing circuit 41 and a display control circuit (GDC:
graphic display controller) 43, which connect to the system

bus 39. The audio reproducing circult 41 performs a



12 decodi ng process based on MP3 (MPEG (Mdti on

Picture Experts G oup)-1/audio layer 3) or the I|ike

as necessary when being supplied with digital audio

data, DA (digital to analog)- converts the digita

audi o data to anal og audi o signals, and supplies the

anal og audi o signals to a.speaker 42. The

di splay control circuit 4§'|ncludes a video RAM (not

illustrated). Data to be displayed is supplied to the

video RAM and is repeatedly read at predeterm ned
cecopppgrpaPsesd A3SEE PB MBAVEMFEH tHOVi880 PiiC§HErEs EXperts

Then, the video signals are _supplied to a display 44,
Groughalfﬁﬁgég éﬁﬁeaiéglSﬁeahﬁhéﬂéﬁn?S<§9C€E§@§¥i Hegfbelng

A - " th . g ; h
SHPPEEE?Eﬁi%ﬁc%galigﬁwéeﬁﬁﬁl Q8ERa: cay R Ead GPeanals) -

i bed wt f Figs. LA D. ,
convEg L LR HADE bR of CBert 6P ind CoRy 08t FT o o3 e, and
suppPi 3&CPR <1Z.10 ah@&%ﬂéégé%ﬁ%’t%f%e%p%g%e oygr of the

>
najl o
persona compurer een turne n, he initial

| . . L atil 35, i
T D T B e PR B L TEIRE YR it R
(notg%%%gétéﬁgeﬁﬁéexﬁgﬂgegoakgeﬁiggﬁﬁ%ebr%@S%%beQQbotbh%he

, so that wait for execution of the application
videBl QEMABHACEHr seplhendiif rkhst nuctir-ans coraxeeutietbheals

routi ne 100 are providéed through an operation of the
S0 agzeat bHe¥befedbedt R KaUkbneilRR1ss readd,r emet ke ddBD
signals are supplied to a display 44 and images are
.displayed thereon. |

<5> Operation of apparatus

Now, the operation 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 0S8
is read from the HDD 34 and is executéd 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 fromstep 101 by
the CPU 31. Then, in step 102, a first inage anong
the original images stored in the HDD 34, that is,
the original inmage 11 (Flg 1A), is selected to be
processed. In step 111 ge extraction is perforned
on the target imge 11. As a nethod for the edge
extraction in step 111, the nmethod described in J.

and CanhyanspfeCoaputat tbaaRRAppPoach tbakdgecDeresptsnn, of
| EEE Transactions on Patten Anal ysis and Machi ne

the pppéihegéRtelsverargedno. 6, Nov. 1986 can be used,
for exanple. Then, in step 112, stralg % line

afe Bk raetlelne r b ¢ h%h%d@%w%aelﬁzs%rﬁ% ﬁO%t%‘bep
111 and the_li nage , & #
101 i h68 FOP 8t 1 allrhg St BHGRL LEnes fiAr RE2gaganong
d obt th I
the s%ﬂggeeioﬁ%ﬁgfgﬁo?tﬁég BB BEUGR ™t st SFirat Pon Ry
t ed he _Ho f t
o1 g gl CIREg R L TReHaa And Re SRl Rt Cone SragEesel.
P 1
m ofREPLEE, %%‘ié%&@%.tgagﬁiﬁa ol e wokoet
ima g% sfornation to detect Lines and Curves in
ictures", Comm ACM Vol. 15, pp. 11-15 (January,

1R42) . mgbﬁ8d EfrsteR 1d3e LherpeinbnPxnwherg ihe, the

| argest nunber of extenSions of the straight lines in
methble delsb@ibBBI€n J. Canny: "A Computational Approach 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 straight
lines from the edge image 12 andHobtaining thé line image 13,
a line extraction method based on Hough transfeormation 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.0O. and P.E. Hart, "Use
of the Hough Transformation to detect Lines and Curves in
Pictures", Comm. ACM, Vol. 15, pp. 1i-15 (January, 197Z2).

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

number of extensions of the straight lines in the line image



14 13 converge or cross is set as a vani shing point
(Fig. 1D). Then, in step 114, the original inmge
11 is trinmed so that the range TRMGin Fig. 1D is an
effective range (Fig. 1E). That is, the image 11 is
trimed so that the vanishing point Px is positioned
at the center of the fra final corrected i nage 15)
and that the area of the range is 50% of that of the
original image 11, whereby the image 14 is forned.
Then, in step 115, the trimed i mage 14 forned in
13 comep ryk4 oirs ceealsed supetto ashe sioze skams 89 1fat(Fé0 -t #O) -
original image 11, so that the final corrected |nag
1EhE§ féﬂnﬁaepFﬂé4r1F¥e Pﬁlgﬂéﬁlliﬁag?hélcéﬁrEE%@H d so
ge 15 is stored in the HDD 34. In st ﬁ*
that {triv TEr AFHED hhdt Ker %%el%t?é\/ee%&w’ﬁedfange 9.

correctlng process has .been perfo
1B) - ndges (& We H%eéjt G %Esé?d) { e ﬁﬁrﬁlsmng

s g R B TR AR BSRS
R s S PN g o
that %ercéh:egsg::llggﬁq%&n;lﬁr%ges Gl SQfLLES l@aéghae 14 is

bove

forn@vae described correcting process has been per f or med
: on all the images stored in the HDD 34, the

coprhet kangi-spdet er m-ped tirh nideRpP ikdle and fohadlr aeestep

proceéds fromstep 121 to step 123. The routine 100
114 @dSsddNedlp to the size same as that of the original
image 11, so that the final corrected image 15 is formed
(Fig. 1F). 1In step 116, the corrected image 15 is stored in
the HDD 34. |

In 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. In step 122, a next uncorrected image 1is
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

completion is determined in step 121, and the process

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



step 123. As descri bed above, the routine 100
realizes the correcting process <1> Accordingly,
significant variations of a main subject and an
entire conposition in each i mage can be prevented
during slide-show reproducing, so that eye-friendly
and | ess fatiguing slide-show reproducing can be

provi ded. <5-2> (Qperation of perform ng al so
formati on of nore appropriate inmages in process <2>
In this case, a routine 200 illustrated in Fig. 6 is

stepprlgwi-ded i nstead of the routine 100 in the HDD 34,
and the routine 200 is executed by the CPU 31. Here,
a%éuﬁ%SFﬁé?e?h%bgﬁﬁriE%?iBﬂUB%B@riﬁ9b5§%816%Stﬁ%e
ro%pine 200 is prgyid d via.a recordina medi um such |
COrIES AN EDPRENEESr 1y ng RECAPPIEcAt i SRIPrdgram- eérrehdons
b reader (not jillustrated), and.is stored _in the
of ar it SR arnahel ary o e S SR RE F SR PGP AR S6E
ra i t Lnternet and stored in e
can Hespvehedat BLoURR S g Lo 0os B et b Ee. 5 M8t eve-
: f S . hy the CP 1 in .S
Fri3gy B LR e o B8 Cer o rrEESRyciigr Al joe
proviieldhe HDD 34, that is, the original image 11 (Fig.
1A), is selected to be processed. In step 211, edge
eXBLQSt@@@ré@i@ﬁréﬁrﬁggfgﬁmlﬂﬁ basgeto iRy lorSore
that the edge image 12 (Fig. 1B) is forned. Then, in

apprebepazd2insyeal ght pkbhessake>extracted from 16 the
edge image 12 forned in step 211 and the |ine inmge

1Bn(Ehys df3e) safovuedne Theo, ilDusteptdd3int hegposnis

Px -where the | argest nunber of extensions of the
provstiedi ghttkrdesfi nheheouitheel Mage 1 h3taenveDge 4Qr a6HOSEe

is set as a vanishing point (Fig. 1D)
routine 200 is executed by the CPU 31. 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. 1A), is selected to be processed.
In step 211, edge extraction is performed on the target

image 11, so that the edge image 12 (Fig. 1R) is formed.

Then, in step 212, straight lines are extracted from .



Then, in step 221, whether the vanishing point Px was
set in step 213 (presence/ absence of the vani shing
point Px) is determined. If it is determ ned that the
vani shing point Px was set, the process proceeds from
step 221 to step 222. In step 222, the
above-descri bed process (1) is perforned, whereby the
image n is shifted so that the vanishing point Px in
the i mge n matches the vani shing point Px in the
ge,(n-1). Then, in ste 222 t he above-descri bed
the pRgRest72) 17 st BERFEr KBS RRe sbyePAeMfingdfi 1829° 13
. ted about the ni shi, ng 0|n h
(710 et Bhot onbOGForng LHBNvah SALRG it LBE PAEhe g?nﬁasre
the ?ﬁrgﬁﬁp|%£§%e%ae ?E% %ngl?ﬂng %h%hvagkigkggtpgkﬁ%s in

e previous I nma

ehe SEPOUREHLYL PG 5L BAMLED, o 0 5B et

ef nc mage n=0 does not exist, and t hus steps
p01n5 éﬁiﬁd 28% are not perforned. Then, the

S r 0 whereibtih §£§£f@£e@|
3%3%ﬁe?”fﬁ§9§§ﬁ?%%ln@ﬁgg?%%42§ |s£p%5|%|%ngd in the o

set LR 8PLPO2OK apeasEREK/bbkEnceBhs hﬁetQ%nl%ﬁbﬁalgglnt Px)
' point Px is positioned in the trinmng OK area :
is dtberpinegss 1i7iproeeeedschkmomedt €paZ24 0 vaheph2AG. point
On the other hand, if the vanishing point Px is not
Px wROSEktpneHei proheskr bavicergdeK fapea sTREK 22tthe opsteesg22.
proceeds fromstep 224 to step 225, where the
In soepgbhal thagebdileksleextreébdeldptroceswer(ltiha sbipamk camed ,
BLNK as illustrated in Figs. 20 and 20. That is, the
wherebygthal imrggenlisi shéxftedded ithathéhdi vectisonngheroent
the vani shing point Px deviates fromthe trinmmng OK
Px iar ehe TROKGBY Nt he tdbeisathen vaTheninch®odndcdss in the
proceeds to step 226. In step 226, the origina
imagemkgelll (BheRhe iPmEGEPeXLEndéds Rbsvep dEpsy iped process
trimed so that the ran%g TRMG illustrated in Fig. 10
(2) 8 BeFfPHIPAg HPEASPM GPRe1ERaTThEL 4iSs T AHee o6 |a§'1°h]§| the
- im _%e 11 is trimed, so tﬁ&} t he vanlshln%_p0|n%‘Px is
vanighiPgi BReftalt™t & &ERter ot SPHETFIEHE Firal
__.corrected e .15) and_that the area.of t e ran e is
vani §G40gr PORBCal ga 10t HHie 1BAS Fal Ay d TELC % he

givihg gﬁeléahis g%ge%01nt 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=1) 1is
processed, a reference image n=C 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 1s positicned in the trimming OK area TROK, the process



Then, in step 227, the trimed inmage 14 forned in
step 226 is scaled up to the sane size as that of the
original imge 11 and the final corrected i mage 15
(or 15A) 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 determ ned whether the
above-descri bed correcting process has been perfor.ned
on all the inages (all the images to be corrected) in
the HDD 34. If 18 an uncorrected i mage remains, the
procerdeebsoproteeds?4 rioim step 234-to step 232 In step
232, a next uncorrected inmage |is selecte

Ther;he Pitap B85, tiHe q%g@w%&%tw% Bt el 2%
is conpared with the Vi ous In_step
POSl?%%“e@hé“sTh?l%?F?@l%gt eﬁr?ﬂegﬁﬁggegb% BRhA°TR1) is
det d. | h t
procUSheLTiaedpLL DS, BLILLSL! bYchagya bt plet sLaboed, Ly
tial
11 lée%%ﬂgé%iﬁgé‘ﬁggé%sz ForTeufsild HREcPagnEttust rared
t d d
n R ot HaeeT Bea ranscr, DT Aar Hipger Lechs
exteﬁag?|§£|£ bg& 8@155 whgﬁge§h@ Qﬁglgﬁlﬂ@ E@§n@ wal ue

er t e predeterm ned value in Step 234, it

dev15§ege%§5ﬂlgﬁg tbahmt 8 bﬁag%%anTﬁOQ bp- theanevhgtion.

sequenti al sceneries, and the process proceeds from

ThenSt@He2§ﬂokes§t§BoééédslﬁoS%%@pZQSB t he uncorrected
I mge selected in step 232 is regarded as a first

| TRROSL @S P P6 st e 2021 gandlt heageotessot etue nsmagest ep

211. Accordingly, step 211 and the subsequent steps
extedbedpenf ecapd2onhi)l e st he imnear sect-eédti mhge raelec TE&YG n

step 232 being regarded as a first inage, and
illueereeeti an Fegpenbormed itmimve nabeveaddfdei-béd) . That

manner.
is, the original image 11 is trimmed so that the vanishing
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). 1In step 228, the corrected image 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 to be corrected) in the HDD 24. If



Then, after the above-described correcting process
has been perforned on all the inmages stored in the
HDD 34, the conpletion is determned in step 231, and
the process proceeds fromstep 231 to step 236. In
step 236, the 19 routine 200 ends. If the
vani shing point Px is not ;get in step 221 (e.g., if
only the horizon or a person exists in the |nage)
the process proceeds fromstep 221 to step 241, where
a process for no vanishing point Px is perforned and
an UpReRTERECHr bERES pFBEeBds LHCsPEFCLSE. Proceeas from step
descrlbed above, the rqutine 200 can realize the ,
231 BpPoEEsE «3%- fannﬁFEPagéﬁopﬁigﬁgtiHﬁ§8§rﬁﬁt§§dﬁﬁﬁaﬁ 15
1 the correcting process <1> so that nore
5e e%%@ friendly and | ess fatiguing slide-show

roduci ng, ca provi ded, <6> ncl usi on
ARG R o P T Soorts abbe PP o Sy ST ER SHoRFPPCAAE 2

compgggaa%igﬂstgé srg@%Bugughg t %%d zn e@h'%%eﬁ 234, the

osition 1 n eac O not ccur ‘duri

51ml§5k§€ﬁ3§8%h%89rQHHC&HQPeQS '%E%StBaﬁ?dl'”d@%%%mlﬁédto Tf

e i mages a very eye- frlen ly an

the !hﬁ!@ér%@?shﬁgt h@¥%d@%@&hﬁ%e@fv%@hb9%§ %6:%'CK%E§%
ke notion S|ckness Furthernore, even if the

detegmghbal tabtl th@aﬂﬁé?e%eﬁp@h%ﬂ (-1 nehenesgienthe ]
right or left, the final inmage does not incline and

scenbﬁlexeaﬁﬁlen@lprwh@@sb@em@r&@pﬁﬁ@mcgﬂepn2@43hbd%tep 2171,
Then? gﬁ; uncorrected image selected in step 232 1is
corrected in the above~described manner.

If the similarity between the images n and (n-1) has a
value smaller than the predeterminred value in step 234, it
is determined that the images n and (n-1) are not sequential
scengries, and the proceés proceecds from step 234 Lo 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 uncorrected image
selected in step 232 being regarded as a first image, and
qorrection is performed in the above-described manner.

Then, after the above-described correcting process has
been perfermed on all the images stored in the HDD 34, the

completion is determined in step 231, and the process

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



<7> Ot hers In the above-descri bed enbodi nent,
the original inmage 11 may be scaled down to a size
(the nunber of dots) for easy process, the process
<1> may be perfornmed on the 20 scal ed-down image so
as to set the trimm ng range TRMG and the trinm ng
range TRMG may be applied o the original imge 11,
so that the final correcte i mage 15 can be obtai ned.
In the above-descri bed enbodi nent, the vani shing
point Px is positioned at the center of the frame
IOUt{??n%@OC%W¢%Cted i mage 15). However, the vanishing
p0|nt Px is not necessarily, ositi oned. at the center
oft tiHEe e R @%ﬂeﬂtbo%rﬁgﬁl%r $he VANTSH n?g21p i§1t9 - -

is fixed. in seguentlal franes, For

if %ﬁg.rr%nh%yzraa et SbyeasgRerRists T ChBckprbaly the
th ff t £

orocd g ROt ChERGe S hEPhEbr L&) SErBn  Hnd & P his® hR7Ess

for géfggﬁigﬁlﬁg SBXhEngnﬁgeée%§8EMESd ?ﬁdatﬂéﬂ'£ﬁé process

novi e caner rnore

e-de b enbodi ment, the trimred inage 14 is
procg@&%e%guge%% g?%p 227 in order to obtain the fina

GOy r@é%&%é@@@bé-@ehayhegrw@lﬁ@n@oel Z8naseiPpde oéhe

the original image 11. Alternatively, the trinmed

procégggez>’L4faﬁym8eeseﬁbe@p9@aee dawReko ithhadsk zeosetobyne
a user, e.g., to the size having the nunber of dots

corr88tahgt 9rbbespurher eb daks abrkheyei-spliaydd4, aﬁ@ asss
to obtain the final corrected image 15. It

fatighouhdsbedyngdrest eegrbyuthasecski bkegriovitbe.art that
various nodifications, conbinations, sub-conbinations
angh> aldrerlatsoms nmay occur dependi ng on design

requi renents and other factors insofar as they are

vhtdordithe scopeeofbove-~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. 32A to 3H. Thus, the images are very
eye-friendly and the viewer does not have feeling of fatigue
cr sickness like moticn sickness.

Furthermore, even if the digital still camera
temporarily inclines to the right or left, the final imacge
does not incline and is eye-friendly when being reproduced
in a slide show.

<7> Others

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



21 the appended clainms or the equival ents thereof.
22 d ai ns: 1. An imge processing nethod
conprising the steps of: extracting edges from each
of a plurality of original inmages, thereby obtaining
edge i mages; extracting straight lines fromthe
edge i mages, thereby obtab@ing |ine inmages;

scaled-down image so as to set the trimming range TRMG, and
the trimming range TRMG may be applied to the original image
11, so that the final corrected image 15 can be cbtained.

In the above-described embodimeﬁt, the vanishing point
Px is positioned at the center of the frame (final corrected
image 15). However, thé Vaﬁishing point Px is not
necessarily positioned at the center of the frame, but the
position of the vanishing point Px is fixed in seguential
frames. For example, the position may be set by a user.

As described above, the above-described process is
effective tc 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 up or down to the size set by a2 user, e.g., to
the size having the number of dots equal to the number of
dots of the display 44, s0 as to obtain the final corrected
image 15.

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

and other factors insofar as they are within the sccpe of



assum ng extensions of the straight |ines
constituting the line imges and setting vani shing
poi nts on the basis of the extensions; and
trimming the plurality of original inmages so that
posi tions of the vanishing points in the respective
original inmages nutually pgtch, thereby obtaining
final imges. 2. The imge processing method
according to Caim1l, wherein, if a non-inage
area exists in any-of the original |mges_when the
the appgRdal ¢hages aFethfi AFRIVESSPhit "RAESPDSi ti ons of
the vani shing points in the respective origina
i mges nutually match, the original inmage is extended
to fill the non-inmage area. 3. The image
processi ng nmet hod according to Caim1l or 2,
wherein, when the original inages are trinmed so that
the positions of the vanishing points in the
respective 23 original imges nutually match
inclination of the original imges is corrected so
that the straight lines in the |line inages obtained
fromthe respective original inages nmutually



mat ch. 4. The i mage processing nethod according to
Caiml1l, 2 or 3, wherein, when the final inmages are
obtained by the trimmng, the inmges as a result of
the trimmng have a si-ze based on the origina

i mages. 5. The imge processing nmethod according to
any one of the proceeding ai ns, wherein the inages
gs a result of the trinmmng are stored in a storage

evi ce. T

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; R

assuming extensions of the straight lines constituting
the line images and setting vanishing points-on the Basis of
the extensions; and |

triﬁming the plurality of ofiginal images so.that'
positions of the vanishihg<points in thé 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 criginal images are tﬁimmed so that
the positions of the vanishing points in the respective
original images mutuaily 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 so that

the positiens of the vanishing points in the respective



6. A recording nediumcarrying an i mage proc
programthat allows a conpute? to exegutg thzsglggs
of : extracting edges fromeach of a pIuraIity'of
original images, thereby obtaining edge images;
extracting straight lines fromthe edge inages’
thereby obtaining |ine inpges; assum ng extensions of
the straight lines constituting the line inmges and
setting vani shing points on the basis of the

extensions;, a d 24
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images obtained from the respective original iméges mutually

match.

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

or 3,

wherein, when the final images are obtained by the

trimming, the images as a resuit of the trimming have a size

based on the original images.

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 mediﬁm carrying an-image processing
.prégram that allowé a computer to execute the steps of:

extracting édges 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



7. An'inage processi ng appar at us cb I si ng:

_ : ( npri sing: an
edge extracting circuit configured to extrgct edges
fromeach of a plurality of original images, thereby

obt ai ni ng edge i nages; a line imge circui

_ , cui t

~configured to extract straight |ines f?on1the edge
i mges, thereby obtainingdine inmges; a

vani shing point setting circuit confi
_ ( gured to assune
extensions of the straight |lines constituting the:

I
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conflgured to trim.the pl.uralisit fo |
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7. An iﬁage processing apparatus comprising:

an edge exﬁracting,dircuit configured to extract edges
from each of a plurality of ériginal images, thereby
obtaining edge imades;

a line image circuit configured to extréct straight
lines from the edge images, théreby 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

obtaining final images.



