IMAGE-PROCESSING APPARATUS, IMAGE PROCESSING METHOD
AND IMAGE PROCESSING PROGRAM CROSS REFERENCES TO
RELATED APPLICATIONS The present invention contains subject matter
related to Japanese Patent Application JP 2006-236145 filed in the Japan
Patent Office on August 31, 2006, and Japanese Patent Application JP
2006-254817 filed in the Japan Patent Office on September 20, 2006, the
SHIRSEITRENE B} Wi R BERBATCE portkBtEfe BRP LY FSIEMEH JEETHOD  AND
BACKGROUND OF THE INVENTION 1. Field of the Invention The

present invention relaﬁgﬁﬁ%rﬁﬁ%ﬁsﬁﬁ%sgﬁﬁ%ﬁratus, an

image-processing method and an image-processing program. To put it in
detail, the present invention relates to a technology suitably applicable to

-getect %gwnfi{ge%%?ﬁggng@%ﬁm%gs individual from an

image obtamned as a resu otographing a monitored place

detefmif&%'%égga%e by making.se-gf 2 monitotng samerg. 2.« o r

[
Description of the Related Art A monitoring system in related art for

rBopitaing ohiegls determined inadyapce by making vse ©f a- moniterng
camera. In the monitoring system, a monitoring 1 object is monitored by

svisuallyirecegrizing-am inpage: wbtaifed fremca phatpgsapting operagipnand
making use of a

Japanese Patent Application JP 2006~-254817 filed in the
Japan Patent Office on September 20, 2006, the entire

centents of which being incorporated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to an image-
processing appératus, an image-processing method and an
image-processing program. To put it in detail, the
present invention relates to a technology suitably
applicable to detection of an unidentified object and/or
a suspicious individual from an image obtained as a
result of photographing a monitored place determined in
advance by making use of & monitoring camera.
2. Description of the Related Art

A monitoring system in related art for monitoring
objects determined in advance by making use of a
monitoring camera. In the monitoring system, a monitoring
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monitoring camera as the image of the monitoring object. With such a
monitoring camera, however, it becomes difficult for the monitoring
person to continuously carry out the monitoring operation for 24 hours as
the number of places to be monitored increases. In addition, the
monitoring system is also forced to store a limited number of images in a
video recorder connected to the monitoring camera in order to shorten
ke dperdthgmneTRES! ibig netessany o provide: fel menitoringasystem
with a technology for detection of an unidentified object and/or a
WSPiciGiSs haRAL G RO 8F TRt I8 g8 PEdrdxamipIBaik i Bae AT of
the |ike, if a sensor capable of detecting a human body is available, it will

& rerstivellf e 55 o Satfefy HeSretlitment dE<tFiTBA! AbGTe- Hobver <™ -

such a SRNSQr may not be used for, detection of an unidentified object
iLh. su h.a.m8n1 orln% cawera howq¥er, 1t %comes
and/or a suspicious " individual from a‘remote scéne such as seashore.

SUMMARY QF THE, INY, h‘ﬂ%?‘%ggﬂ‘)@%&%@%@ the past, § de i bazry

adopted a monitoring technique in Japanese Patent Laid- open

dle. 2006-14215.8s gdechnigue of comparing the, 2 present image yith-an
image immediately preceding the present image in a situation described
@boyeWhen-a physigakiadyrentersa plagedeing monitpied.i on, <he
monitoring system is also forced to store a limited
number of images in a video recorder connected to the
monitoring camera in order to shorten the operating time.

Thus, 1t 1s necessary to provide the monitoring
system with a technology for detecticn of an unidentified
object and/or a suspiclious individual from an input image.

For example, in & bank ATM or the like, if a sensor
capable of detecting a human body is available, it will
be relatively easy to satisfy the reguirement described
above,

However, such a sensor may nct be used for

detection of an unidentified object and/or a suspicious

individual from a remote scene such as seashore.

SUMMARY OF THE INVENTION

In many cases in the past, there was adopted a
monitoring technigue disclosed in Japanese Patent Laid-
open No. 2006-14215 as & technigue of comparing the
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the brightness of an image portion composed of the physical body in
video data changes to a brightness level different from the place. Thus,
by detecting an area having a difference in luminance from the rest of the
image as a different area, the physical body can be detected. In the case
of a scenery such as a sea, a desert, a field of grass or the sky, however,
things other than the physical body serving as the object of detection also
PHG\RE IEXahASIgS of tHething sLathek thipm el phslcal boey ee tie Water
of the sea, the sands of the desert, the grass of the grass field and clouds
T tREeky 1FREIS thE téchdiinirelate® aftthdss pfotfdif - that a result
of comparing the present image with an image immediately preceding the

present ifage GaukB¥ & 2othePthingy toBe détebred Tistaketly 808 ~ored,

oving .physical body or the like. As a method serving as,a solution to the
BHoolen. Hsdients suth A TAHanEss Patént T H66R NG Hel 10-

g26.disqlasg anathet fechnigue.n delafedartIp accoudanee WL NG, ..,

technique disclosed in Japanese Patent Laid-open No. Hei ,a

glifierence, Jbetwegn the present imagg,faken.in a;phatographing, 3; e 5

operation and an image immediately preceding the present “image is
igeatad andconverted datohinany:gata By -Carping edta thresheld the

comparison process. At the same

image as a different area, the physical body can be
detected. In the case of a scenery such . as a sea, a
desert, a field of grass or the sky, however, things
other than the physical body serving as the object of
detection also move. Examples of the things other than
the physical body are the water of the sea, the sands of
the desert, the grass of the grass field and clouds in
the sky. Thus, the technigque in related art has a problem
that a result of comparing the present image with an
image immediately preceding the present image causes the
other things tc be detected mistakenly as a moving
physical body or the like.

As a method serving as a solution to the problem,
documents such as Japanese Patent Laid=-open No. Hei 10-
328226 disclose another technique in related art.

In accordance with the technique disclosed in
Japanese Patent Laid-open No. Hei 10-328226, a difference

between the present image taken in a photographing
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time, a background image changing a threshold value with a cumulative
result of past differences taken as a reference is generated in an attempt

to reduce the number of detections mistakenly made as detections of
fluctuations of trees an/or a water surface, which exist in the background
image. In accordance with this technique, however, a case in which the
threshold value becomes an excessively large value for a larger
JnRiRincethange Tausee fgpicallydslia fritiuativawidinge hvery fikelgnt
conceivable. In such a case, it is feared that an intrusion made by an
TRtRdtfer ot the fiké 88 atNiftriSIBRSY ifforarice Rloadstetiebe by
undesirably. According to an embodiment of the present invention, it is
TesirEbieTo Provitie WnviftietsroteEsIRg ApparatiTS Capable b stabfy Same
detecting an infrusion made by a suspicious individual or an unidentified,
‘Bt ffor At HAGH tAkEHTY & FHOTOGTABRING operATOI Hy makTitrude °°

2f amonliotng camela lorpoplaing g prace i wich flucluations
caused by mainly natural phenomena as fluctuations ot an image, which

istaken nthe photoqraphing aperation.as the picture of the waterof ady, . -
sea, the sands of a desert, the grass of a grass field and snows in the

Sky dake place. Acgerding I9, ag embadimentfithe presentdpvention,
fluctuations of trees an/or a water surface, which exist
in the background image.

In accordance with this technigue, however, a cass
in which the threshold value becomes an excessively large
value for a larger luminance change caused typically by a
fluctuation of a tree is very likely conceivable. In such
a case, it is feared that an intrusion made by an
intruder or the like as an intrusion of importance is
undetected undesirably.

According te an embodiment of the present invention,
it is desirable to provide an image-processing apparatus
capable of stably detecting an intrusion made by a
suspicious individual or an unidentified object from an
image taken in a photographing operation by making use of
a monitoring camera for meonitering a place at which
fluctuations caused by mainly natural phenomena as
fluctuations of an image, which is taken in the

photographing operation as the picture of the water of a
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the image-processing apparatus once stores an input image and then
divides the image into image portions having the same size and the same
shape. Subsequently, the image- processing apparatus computes a
characteristic quantity for each of the image portions. Then, a difference
between each of the computed characteristic quantities and a value
determined in advance is computed and used to produce a result of
gererntinaticrpasi to whethet ot aiot .th&irnage portionfassoziaied withdhel
computed quantity is a background. Then, on the basis of the

eteriiiRdfon keSUIE isfbEmatierr®niAé ékistence/nonexistence of an
unidentified object or the like is output. The inventors of the present ‘
invention A4S TitEMihEd BiattRe NetiGd tséd for tstibRiidiig thevention,
background and an unidentified object or the like from each otherina

PO ogHABAIE Shiat Moving WIMETSIwING Tles HRSmIASY Rt artaase

25ds the, gase with g nagral.scene such as a sea is improper. The, -,
method 15 based on the ecﬁ"néaiggy I relatéd aR and is usedTor E

distinguishing. the hackgraynd and an unidentified objgct, or the like from _

each other by comparing the present image with"an image immediatel

preceding the present s imageLhen dhe inventors of thespresent .oy
invention searched for a technology for distinguishing the background

and anpunidemtified-objgeter thedkediom Then, 2 difference
between each of the computed characteristic quantities
and a value determined in advance is computed and used to
produce-a result of determination as to whether or not
the image portion associated with the computed gquantity
is a background. Then, on the basis of the determination
result, information on the existence/nonexistence of an
unidentified object or the like is output.

The inventors of the present invention has
determined that the method used for distinguishing the
background and an unidentified object or the like from
each other in a photographing object moving while
following rules determined in advance as is the case with
a natural scene such as a sea is improper. The method is
based on the technology in related art and is used for
distinguishing the bkackground and an unidentified cobject
or the like from each other by comparing the present
image with an image immediately preceding the present
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each other by making use only an input image. As a result, the
image-processing apparatus according to an embodiment of the present
invention divides the image into image portions having the same size and
the same shape. Subsequently, the image-processing apparatus
computes a characteristic quantity for each of the image portions. Then,
a difference between each of the computed quantities and a value
ideredninethinradvanége iswsmnpated. 2ot ubassumedoredarmpletthatthe
entire image is a background. In this case, the characteristic quantity
MPULEH férreach GfRRETRAGE PoftithsBbtained assh Fasult-ordividing
the jimage hardly changes from area to area. In accordance with the
SHRGB PTOEESSING nidthot HARRA onhifS RBARGIGgieal coteept Behirm
the ima%%efllnu%uates due to natural ;;Ihenomena as is the case with the

SREge D Fded Y& ‘ns’tl}éyl BFth& ke Bn UnfientfEd objEE BT thellike Tah® 521t

mage 0

e distinguis e%f m_the _background having a constant characteristic, N
T R T baCh Tt S ch o 5 SR o g g o ment

Aecording ta an.emhodiment of the. present i%e@t@ﬂag}@ef&i%&reﬂgosg

an image-processing apparatus as a monitoring apparatus for monitoring

@Q@@K&E@U%@ﬁ%ﬁ*ib&tﬂ& constant;fluctuations @s is the-casg.with
specially a sea, a desert, a field of grass or the sky. The
drmiage-resessing apparaiisis-capablesefreeogniziigatus computes a
characteristic guantity for each of the image portions.
Then, a difference between each of the computed
gquantities and a value determined in advance i1s computed.
Let us assume for example that the entire image is
a background. In this case, the characteristic quantity
computed for each of the image portions obtained as a
result of dividing the image hardly changes from area to
area. In accorcance with the image processing method
based on this technological concept, even if the image
fluctuates due to natural phenomena as is the case with
the image of a sea, the sky or the like, an unidentified
object or the like can be distinguished from the
background having a constant characteristic guantity and
a fluctuating background such as a sea and the sky.
According to an embodiment of the present invention,
there is provided an image-processing apparatus as a

monitoring apparatus for monitoring a background
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a background without mistakenly recognizing each of natural phenomena
such as waves of a sea and clouds in the sky as an unidentified object or
the like. The embodiments each demonstrate a high capability of
detecting an unidentified object from one input image of a natural scenery
or the like without dividing the input image into a plurality of horizontal
image portions. “in the case of an image taken from a remote location as
SHeWmage T aCsteRbAnas deseribEtdaier, AfoviévethenE it hade
does not always assure a result that can be said to be a satisfactory
SRSt ¥t détet it fof dh Gfashffiedobjett Fhas, i Grdér Bsoletheky -
TtQarobl,em, in a process of detecting an unidentified object from an image,

kert TtoRT akémbote’focdtorthe Sintaye 8 RAdEd frito A5SarKty of*9

_harizontal image partions in preprocessing before cartyin outavagjety
O ETAR At Hrocesss 50 kBT aIon T Hon e adt of e

ngpgi;g)gial%@gggggﬁ@ngﬁﬁagg|q9a%gn_g@ageg%gxgglg}if)&%f&gg in

etermination processes. The preprocessing contributes to improvement

afdhe detecting an ynidentified ohjest fram.an image taken from a remote
location. 7 BRIEF DESCRIPTION OF THE DRAWINGS These and other

featuresof the-presenhisvestien will hagemeclieardrom the following : 1 i+ v
description of the
of detecting an unidentified cbject from one input image
of a natural scenery or the like without dividing the
input image into a plurality of horizontal image portions.
In the case of an image taken from a remote
iocation as the image of a scenery as described earlier,
however, one input image does not always assure a result
that can bé sald to be a satisfactory result of detection
of an unidentified object. Thus, in order tc solve the
problem, in a process of detecting an unidentified ohiect
from an image taken from a remote location, the input
image 1s divided intec a plurality of horizontal image
portions in prepreocessing before carrying out a variety
of determination processes to be explained below. Then,
each of the horizontal image portions is handled as an
image in execution of the determination processes. The
preprocessing contributes to improvement of the deteciting
an unidentified object from an image taken from a remote

location.



preferred embodiments given with reference to the accompanying
diagrams, in which: Fig. 1A is a block diagram mainly showing actual
hardware of each of entire image-processing apparatus according to first
to fifth embodiments of the present invention; Fig. IS is a block diagram
showing mainly functional sections of the entire image-processing
apparatus shown in Fig. IA; Fig. 2 is a block diagram showing an entire
image- processing apparatus according to the first embodiment of the
resent invention; Fig. 3A is a diagram showing a typical image taken by
fg U&e of fie ag &2prodéssindfepp¥Fatus according to the first
embodiment as an image of a sea, the sky and a ship servingasan
unidentifiedcotje i 3B5E oL GRGHT ShBwing radkgfoifits drtfention
image shown in Fjg. 3A;_Fig. 3C.is a diagram showing fine image portions
Shiaint e d.gv:li}%ﬁg T0E s SHOWR iFFie 3 8 Flg, 4t =he

alne %g%ere%u
o L L
g&%g%gmo{qémggg gg%é?hq\gs the; first part of a flowchart

Fig. 1A is a block diagram mainly showing actual
hardware of each of entire image-processing apparatus
according to first to fifth embodiments of the present
invention;

Fig. 1B is a block diagram showing mainly
functional sections of the entire image-processing
apparatus shown in Fig. 1A;

Fig. 2 is a block diagram showing an entire image-
processing apparatus according to the first embodiment of
the present invention;

Fig. 3A is a diagram showing a typical image taken
by making use of the image-processing apparatus according
to the first embodiment as an image of a sea, the sky and
a ship serving as an unidentified object;

Fig. 3B is a diagram showing backgrounds of the
image shown in Fig. 3A4;

Fig. 3C i1s a diagram showing fine image portions
obtained as a result of dividing the image shown in Fig.

3A;



representing the actual operations carried out by the image-processing
apparatus according to the first embodiment; Fig. 6 shows the second
part of the flowchart representing the actual operations carried out by the
image-processing apparatus according to the first embodiment; Fig. 7A is
a diagram showing an input still image including a background sample to
be specified and selected from the image in execution of a
color-histoggiam4 tethditiesadopted hs bhemémetheds ioigompeterocessing
characteristic quantities; Fig. 7B is a diagram showing the background
Bafiphe Sele@ed from HieinpitstlsmagersheWrin Figy7AR Fig TBa
diagram showing a matrix of all color components obtained as a result of
e ESBRhistodrant 18l d& F9§ BATs A iagrantSHoWinGBRSSHIBAOF
an input EstiII image to which a frgquency-analysis technique is applied as

another gneof the method5 16 compite Rbhracteristicduaftites ™ Fig.
SEi S RN et e o ken o b une
ﬂﬁggﬂgﬁ@gaessing apparatus according to the firsz
embodiment;

Fig. & shows the second part of the flowchart
representing the actual operations_carried out by the
image-processing apparatus according to the first
embodiment;

Fig. 7A is a diagram showing an input still image
inciuding a background sample to be specified and
selected from the image in execution of a color-~histogram
technigque adopted as one of methods to compute
characteristic gquantities;

Fig. 7B is a diagram showing the background sample
selected from the input still image shown in Fig. 7A;

Fig. 7C is a dilagram showing a matrix of all color
components obtained as a result of the color-histogram
technique;

Fig. BA is a diagram showing & portion of an input
still image to which a frequency-analysis technigue is
applied as another one of the methods to compute

characteristic guantities;



produced by adoption of the frequency-analysis technique as a graph
showing a result of plotting the luminance level of pixels composing the
input still image; Fig. 8D is a diagram showing a typical graph produced
by adoption of the frequency-analysis technique as a graph representing
the relation between the luminance level and the frequency; Fig. 9A is a
diagram showing two arbitrary pixels P1 and P2 of an input still image to
which a sifultahBolds ccotirepcepraliability: natnix techaiguresiswapptied
as another one of the methods to compute characteristic quantities; Fig.
YR BHAIBYER shdwind BHekpixelPZ as tha Iexi bixetadiacérito theown
pixe}!ﬂPl for a case in which a relative position function b is expressed as
1(1F88); Fig’9C is a diagram showing the pixel 22 as the next pixel
adjacent to the pixel Pl for a case in which the relative position function b
is expressed‘as’h (1,°96); Fig T isH Gikghn Showiydataf 3 image
haying 16.(34 x 4 %@Igmi@# luminance LIle‘s\!g!:s, Egat Q is, luminance
Tevers 06 37 Fig 10B"stiows a simultaneous oceurrane ypsr%Saﬁiﬁt%m*que
matix which is asauage mattix having A6 £ x 4 pixelswith e 4 ..
luminancelevels;

level of pixels compoesing the input still image;

Fig. 8D is a diagram showing a typical graph
produced by adoption of the frequency-analysis technigue
as a graph representing the relation between the
luminance level and the frequency;

Fig. 9A is a diagram showing two arbitrary pixels
Pl and P2 of an input still image to which a simultaneous
occurrence probability matrix technigue is applied as
another one of the methods to compute characteristic
quantities;

Fig. 9B is a diagram showing the pixel P2 as the
next pixel adjacent to the pixel PI1 for a case in which a
relative position function & is expressed as & (1, 0°%);

Fig. 9C is & diagram showing the pixel P2 as the
next pixel adjacent to the pixel Pl for a case in which
the relative position function & is expressed as & (1,
80°);

Fig. 10A is a diagram showing data of an image

1=

having 16 (= 4 x 4) pixels with 4 luminance levels, that
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Fig. 11 is a block diagram showing an entire image- processing apparatus
according to the second embodiment of the present invention; Fig. 12A is
a diagram showing a typical image taken by making use of the
image-processing apparatus according to the second embodiment as an
image of a sea and a ship serving as an unidentified object; Fig. 12B
shows an average-value holding section for holding a value computed by
ithe aversgeavalae holtidg sectionas the average value of characteristic
guantities S(1) to S(25) each found by the characteristic-quantity
computatiof se&fibn 88 e charabidtistie yaamrtty OF Srer6fiftage
portions shown in Fig, 12C; Fig. 12C is a diagram showing the image
HigriGrs obtain8d b5 arestift bF dividing tiinTdde Sfovimih BRY A, 16 (=

Fig. 13 shqws the first part of a floawchart representing actual operations
4cagrri(]ézli ogtlﬁft{ﬁse i -Wgce%;ﬁ“&ﬁfé}gt%sﬁa%‘@ Ag to the second

embodiment; Fig, 14 shows.the second %art of the flowchart repr, E‘gn&ipr%gew

2 5 . z s} ] 1
the actual operations carried %ur by e afr}m%g%‘fﬁ%geggfnéa %pparatusl

G S 1 a0t pOcbeaid Bparats Seconing to D T e
of the present invention;

Fig. 12A is a diagram showing a typical image Taken
by making use of the image-processing apparatus according
to the second embodiment as an image of a sea and a ship
serving as an unidentified object:

Fig. 12B shows an average-value holding section for
holding a value computed by the average-valiue holding
section as the average value o0f characteristic guantities
S({1) to 3(25) each found by the characteristic-guantity
computation section as the characteristic quantity of one
cf image portions shown in Fig. 12C;

Fig. 12C is a diagram showing the image portions
obtained as a result of dividing the image shown in Fig.
12A;

Fig. 13 shows the first part of a flowchart
representing actual operations carried out by the image-
processing apparatus according to the second embodiment:

Fig. 14 shows the second part of the flowchart

representing the actual operations carried out by the
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embodiment of the present invention; Fig. 15B is a block diagram showing
the internal configuration of a clustering process section employed in the
image-processing apparatus shown in Fig. 15A; Fig. 16A is a diagram
showing a typical image taken by making use of the image-processing
apparatus according to the third embodiment as an image of a sea and a
ship serving as an unidentified object; Fig. 16B is a diagram to be
¥efeprediiodie as protess iy put twe inagespartions irva tne greup i
accordance with the third embodiment; Fig. 16C is a diagram to be
FBRPEHBH description of a process to out four image portions in a one
group in accordance with the third embodiment; Fig. 16D is a diagram
showing fmdge poftioh® 18ftPaffstithe bReEeds 16 batiidge poriohs Fe a
one group in accordance with the third embodiment; Fig. 17 shows a
{50tRah Tepresentifg SERA Tperattrsiad oty tie ©P- 0

Jmage-processing apparatus according to the third embodiment; Fig. 18A
IS a diagram showing a t?/plca?lmage A lfﬁlby making use of an

image-pipegssig apparalup aceq/ding. 19 1e foudh smbadiment otthe, |
present invention as an image including-a sea, the sky%n a ship serving
Asran: Mpidentifigd object flogting.on the §6a;-oss section employed in
the image-processing apparatus shown in Fig. 154;

Fig. 16A is a diagram showing a typical image taken
by making use of the image-processing apparatus according
to the third embodiment as an image of a sea and a ship
serving as an unidentified object;

Fig. 16B is a diagram to be referred to in a
process te put Two image portions in a one group in
accordance with the third embodiment;

Fig. 16C is a diagram to be referred to in
description of a process to put four image porticns in a
one group in accordance with the third embodiment;

Fig. 1leD is a diagram showing image portions left
after the process to put image portions in a one group in
accordance with the third embodiment;

Fig. 17 shows a flowchart representing actual
operations carried out by the image-processing apparatus
according to the third embodiment;

Fig. 18A is a diagram showing a typical image taken

12



Fig. 18B is a diagram showing horizontal image portions obtained as a
result of dividing the image shown in Fig. 18A; Fig. 18C is a block

diagram showing an entire image-processing apparatus according to the
fourth embodiment of the present invention; Fig. 19 is a block diagram
showing an entire image- processing apparatus according to the fifth
embodiment of the present invention; Fig. 20A is a diagram showing an
hrafe felgdings Shipraxistapar® 5pecfic positiopns thetintages Figrding
20B is a diagram showing the image including the ship existing at a
Hosttioh difereht frsRPRet 8BEE i posifien I hitifiage: ERj ZA%¥hGis &7
flowchart reiresenting processing carried out by the image-processing

AppAratas atkorditty to T fifth BfbotimERE Fiy. 22/is 2ediggrem 25 an
shoglér}?ﬁpépei%alci)@a e ta (irg)ab .makinl?j use of an image-processing

uni c ing on. the sea; . . .
apparatus accordlng_J SIXtth o Rinth efbodiments 25 dn image including a

sea, the,sky anla ship senying as.an unidentified ahiect 13 figating on

the sea; Fig. 22B is a diagram showing horizontal image portions

obtained as gresult Of dividing the, (Mage shown iR 19 224 :nage shown

Fig. 18C is a block diagram showing an entire
image-processing apparatus according to the fourth
embodiment of the present invention;

Fig. 19 is a2 bleck diagram showing an entire image-
processing apparatus according to the fifth embodiment of
the present invention:

Fig. 20A is a diagram showing an image including a
ship existing at a specific position in the image:;

Fig. 20B is a diagram showing the image including
the ship existing at a position different from the
specific pesition in the image;

Fig. 21 shows a flowchart representing processing
carried cut by the image-processing apparatus according
to the f£lfth embodiment;

Fig. Z2A is a diagram showing a typical image taken
by making use of an image-processing apparatus according
-sixth to ninth embodiments as an image including a sea,
the sky and a ship serving as an unidentified object

13
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Fig. 23A is a block diagram mainly showing actual hardware of an entire
image-processing apparatus according to the sixth to ninth embodiments
of the present invention; Fig. 23B is a block diagram showing mainly
functional sections of the entire image-processing apparatus shown in
Fig. 23A; Fig. 23C shows a flowchart representing processing carried out
by the image-processing apparatus shown in Fig. 23B; Fig. 24 is a
tiagranto bereféreedtrin description of a method to specify
background areas in accordance with the sixth embodiment of the
present v@ntiéiFig 25 ista bibekmdigdramisitowing bhceriticé imagge
processing apparatus according to the sixth embodiment; Fig. 26 is a
BRigrafTroughiySsHOWinG & rAodélTt Hilagdutdt thed sorédm ATemM shown
emplgyed in the sixth embodiment; Fig. 27A is a diagram roughly

Ho fr%‘a ‘ﬁ'ﬁ)’ht- image bitmap stored in the RAM employed in the sixth
14 embogiment' Ag. 27B isbaidi ram roughly s ima

5 ! howing an ime efla%
bitmap stored irf thie RAM empfoyéd in i |%hm%m'bﬁo\girﬁgﬁf?’* g actual
hardware of an entire image-processing apparatus
according to the sixth to ninth embodiments of the
present invention:

Fig. Z3B is a block diagram showing mainly
functional sections of the entire image-processing
apparatus shown in Fig. 23A;

Fig. 23C shows a flowchart representing processing
carried out by the image-processing apparatus shown in
Fig. 23B;:

Fig. 24 is a diagram to be referred to in
description of a method to specify background aresas in
accordance with the sixth embodiment of the present
invention;

Fig. 25 is a block diagram showing an entire image-
processing apparatus according to the sixth embodiment:

Fig. 2¢ 1s a diagram roughly showing a model of a
layout of data stored in a RAM employed in the sixth
embodiment;

Fig. 27A is a diagram roughly showing an input-

image bitmap stored in the RAM employed in the sixth

14



Fig. 27C is a diagram roughly showing an enlarged portion of the image

flag bitmap shown in Fig. 27B; Fig. 28A is a diagram roughly showing a

set field of arrays based on a simultaneous occurrence probability matrix

as arrays having a variable length in accordance with the sixth

embodiment; Fig. 28B is a diagram roughly showing a Gauss curved

surface equivalent to the array set field shown in Fig. 28A; Fig. 29 is a
iggranestighly showing pieces of data stored in the RAM employed in

the sixth embodiment; Fig. 30 shows the first part of a flowchart
representitg -proc¢essifg %aﬁ?e%lg&i’t%yrtﬁé%‘lg@eﬁ%‘éé%n@%pﬁﬁﬁﬁs flag
according to the sixth embodiment; Fig. 31 shows the second part of the

HoweHart rébreSentihg the proteSSiig CYFRdSUt BYFhé iiade-

%B%%sﬁlré%gpparatus according to the sixth embodiment; Fig. 32 is a
iagram roughly showing relations between pixels of an image and

reative pasition, funciions 6() sisedn fhs Ade-piosessing Apparatus. . g

according t6 thé sevénth embodiment present 15 invention; Fig.

Shews 4, flowchayl representing gracessing cafiggdoutpythe  -7g;
image-processing apparatus according to the seventh embodiment;

Fig. 28A is a diagram roughly showing a set field
of arrays based cn a simultaneocus occurrence probability
matrix as arrays having a variable length in accordance
with the sixth embodiment;

Fig. 28B is a diagram roughly showing a Gauss
curved surface equivalent to the array set field shown in
Fig. 2B8A;

Fig. 29 is a diagram roughly showing pileces of data
stored in the RAM emploved in the sixth embodiment;

Fig. 30 shows the first part of a flowchart
representing processing carried out by the image-
processing apparatus according to the sixth embodiment;

Fig. 31 shows the second part of the flowchart
representing the processing carried out by the image-
processing apparatus according to the sixth embodiment:

Filg. 32 is a diagram roughly showing relations
between pixels of an image and relative position
functions & (1) used in the lmage-processing apparatus

according to the seventh embodiment of the present
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Fig. 34 is a diagram showing a typical still image taken by an
image-processing apparatus according to the eighth embodiment of the
present invention; Fig. 35A is a block diagram showing an entire
image-processing apparatus according to the eighth embodiment; Fig.
35B is a block diagram showing an entire image-processing apparatus
according to the ninth embodiment of the present invention; Fig. 36A is a
diagramistrowing an external view of a typical image-taking camera
employed in the embodiments; and Fig. 36B is a block diagram showing
a combindtion oftheligiageaakihgwantara shewnas Fig. 36A andaassing
image-processing apparatus according to any one of the embodiments.
PETAIEEDPBESCRIPTION'GFTHE PREFERREEPERIBODMERTSHist I
to fifth embodiments of the present invention are explained by referring to
Fiys- 190 92 Butfife 8FHEE hbodiments 16 Fig. 1 is an entire block
diagram showing an image: processing apparatus hased on a concept.

n Béciierts o1 i b Spciic ™22

common 16 %embddintents ot R rasERtRvEIfich. TEHe Mbre sp
Fi o 3p ckdason pai o schalladhers A <o on
eighth embodiment of the present invention;

Fig. 35A is a block diagram showing an entire
image-processing apparatus according to the.eighth
ambodiment;

Fig. 358 is a block diagram showing an entire
image-processing apparatus according to the ninth
embodiment of the present invention;

Fig. 3€A is a diagram showing an external view of a
typical image-taking camera employved in the embodiments;
and

Fig. 36B is a block diagram showing a combination
of the image taking camera shown in Fig. 36A and an

image-processing apparatus according to any one of the

embodiments.

DETAILED DESCRIPTION OF THE PREFERRED EMBODRIMENTS

First to f£ifth embodiments of the present invention
are explained by referring to Figs. 1 to Z1.

1: Outline of the Embocdiments

le



block diagram showing mainly functional sections of the apparatus. The

image-processing apparatus 101 shown in Fig. 1A detects the existence

or nonexistence of an unidentified object from an image output by an

image-taking camera 102 and generates a binary signal serving as an

alarm output for reporting the existence of the unidentified object or

generates an image signal obtained as a result of a process determined in

advancer The ihage-takingtamesa o102 is aigenerally khown tameraimage-

~ employing typically a CCD image taking device for generating the image
gt SEhe@ dniigjessigiial geheraed by the FRagerakimpoawerd €02 is

stored in a large-capacity memory such as an HDD or output to a host

Hpparatisthrough a-EemmitRaton g <srthelike. THebe more specific,

image-processing apparatus 101 is basjcally a microcomputer employing

FepU-f03% RAM 165 afd3FREM “to4 which Qe SshrittetPto ware

Sther by a bus 106. The CPU 103, the RAM 105 and the ROM 1%4 carr

out a procesg determingd in ‘advanca on-the im %Iéeoau%putjb%/'th |m1a%e

J7daking,camers L9z in.ogerlo.ganerale.a signal, delerminedin e 4

advance or the like. Then, the image- processing apparatusjl?ﬂ outputs

1he signal,through an output I/F 107. It is to be noted that the

configuration shown in

The image-processing apparatus 101 shown in Fig. 1A
detects the existence or nonexistence of an unidentified
object from an image output by an image-taking camera 102
and generates a binary signal serving as an alarm output
for reporting the existence of the unidentified object cor
generates an image signal cobtained as z result of a
process determined in advance. The image-taking camera
102 is a generally known camera employing typically a CCD
image taking device for generating the image signal. The
image signal generated by the image~taking camera 102 is
stored in a large-capacity memory such as an HDD or
output to a host apparatus through a communication line
or the like.

The image-processing apparatus 101 is basically a
microcomputer employving a CPU 103, a RAM 105 and a ROM
104, which are connected to each other by a bus 106. The
CPU 103, the RAM 105 and the ROM 104 carry out a process
determined in advance on the image output by the image-
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Fig. 1A is a configuration common to all embodiments to be described
later in detail. All the functional sections shown in Fig. 1B except an
image holding section 112 and a predetermined value holding section
115 are software programs stored in the ROM 104 to be executed by the
microcomputer described above. The image holding section 112 is
implemented as the RAM 105 whereas the predetermined-value holding
Sekhow 128nscladeéd thelRANE TGS ahd tisie ROM 1942 ARimage received
from the image-taking camera 102 is stored in the image holding section
dabeadra el irfaged ARtimagedivisi®n-setfion 14358 a mbBURTTBES~
dividing the image stored in the image holding section 112 into image
%?tﬁ%ﬁé\ﬂn&ﬂ?@ﬁrﬁ@%iz‘e%nﬂh%pé’aﬁﬁe pet@&ral through an

characteris ‘:Q tity computation section 114 is a module for computing
The Eﬁgraic#e‘risqt%ag'uantity of each of the image portions obtained as a

result of the process.carjed ot by the image diision section 1131918 ,

divide the image stored in the image holalng section e

Predetegmined:value bolding section I 5s.2 ynit fof ,providing Aenes to

comparison value for eaCh characteristic quantity computed by the
icharacieristicquantine compuiation section 114 or providing

predetermined data

A1l the functicnal sections shown in Fig. 1B except
an image holding section 112 and a predetermined-~value
holding section 115 are software programs stored in the
ROM 104 to be executed by the microcomputer described
above. The image holding section 112 is implemented as
the RAM 105 whereas the predetermined-value holding
section 115 includes the RAM 105 and the ROM 104.

An image recelived from the image-taking camera 102
is stored in the image holding section 112 as a still
lmage.

An image division section 113 1s a module for
dividing the image stored in the image holding section
112 into image portions having the same size and the same
shape.

A characteristic=~guantity computation section 114
is a module for computing the characteristic quantity of
each of the image portions obtained as a result of the
process carried out by the image division section 113 to

18



based on a characteristic quantity. A difference computation section 116

is a module for computing the difference between each characteristic
guantity computed by the characteristic-quantity computation section 114
and the comparison value provided by the predetermined- value holding
section 115 or the predetermined data provided by the

predetermined-value holding section 115 as data based on a

Sharadteristie oqLpadty. Theresuliof the process camietiout yetheion 112.
difference computation section 116 is a binary alarm or an image output
138 SbrtRCGAlonatietwenke It iclba notelthaptheldonfigbratiomn it for
shown in Fig. 1B is a configuration common to all embodiments to be
BESHrited At if FBRGE The thafactEristiorq itilies Larptitet By e
characteristic-quantity computation section 114 for an image represent

e patteT or e Of theé ifiigeS FRAL T5-for sy e Bhdrateristic

guantities represent a roxlmiatglj\! what is gallled a texture in ordlngry.

rencPerlng Software. f91pfmthé imagée i’ g%chturengf & é:%s% fiefd) the m%%iéa
includes a number of inclined parabolic lipes with dark and light green

colors. If the'image is a picture of thé tranquil’surface” of a sea, a number
ebfipe harzeontak patterys reflecting o module for computing the

ifference between each characteristic quantity computed
by the characteristic-quantity computation section 114
and the comparison value provided by the predetermined~
value holding section 115 or the predetermined data
provided by the predetermined-value holding section 115
as data based on a characteristic quantity. The result of
the process carried cut by the difference computation
section 116 is a binary alarm or an image output to a
storage unlit or a network.

It is tc be noted that the configuration shown in
Fig. 1B is a configuration common to all embodiments to
be described later in detail.

The characteristic guantities computed by the
characteristic~quantity computation section 114 for an
image represent the pattern or texture of the image. That
is to say, the characteristic quantities represent
approximately what 1s called a texture in ordinary

rendering software.
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sun light with the dark blue color serving as the underlying trend or a
number of white portions such as wave splashes exist on the surface.
These natural sceneries do not mechanically create a fixed pattern such
as tiling created artificially. Instead, each of the natural sceneries is
recognized as an image having random variations and creating
characteristics of resembling fixed patterns. Wave splashes do not exist

in a field bf gtass whitginclined parabalicslines witlydarksant kght greére:
colors do not exist on the tranquil surface of a sea. These natural
eeferids clalftpsdde ToRaRFalc phéfsméns gs tie§oes by 1Tmess byith
merely comparing a plurality of still images taken at different times in
FeEbrdance Wit thed®asthg etRkSlogy, a background which should be
naturally recognized as a background is mistakenly recognized as an
unidentifiet SHjéctdfFf e fack tHiat & badkgrbind imaving. By rface

asping the texture, of the background in the case of a moving o
acé;r%%%d, ﬁwenélrrﬁgbairr?éntg la%ee cgﬁé:bllé 35 Sf‘"pl%?‘/%?neg* Q?ecfhenfolrcgﬂgcyL 0y

o recognizing.a packground with a.igh degre of consistencyithout
feconpleing.a high, deg

eing tripped up by changes occurring along the time %&isfa%y grasping

{heytexture of a background o the, pattgrn ofia background, the o,y a5

charactéristic of a foreign
wave splashes exist on the surface.

These natural sceneries do not mechanically create
a fixed pattern such as tiling created artificially.
Instead, each of the natural sceneries is recognized as
an image having random variations and creating
characteristics of resembling fixed patterns. Wave
splashes do not exist in a field of grass while inclined
parabolic lines with dark and light green colors do not
exist on the tranguil surface of a sea.

These natural sceneries change due to natural
phenomena as time goes by. Thus, by merely comparing a
plurality of still images taken at different times in
accordance with the existing technology, a background
which should be naturally recognized as a background is
mistakenly reccgnized as an unidentified object due to
the fact that the backgreound is moving.

By grasping the texture of the background in the
case of a moving background, the embodiments are capable
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object can also be picked up as well. Thus, the process of picking up the
texture of a background or the pattern of a background is a process to
compute a characteristic quantity. As described above, an input image is
divided into uniform and fine image portions having the same size and
the same shape and the characteristic quantity of each of the image
portions is then computed. If a specific one of the computed characteristic
Guaptities ot the imdgecportibns shows ansheodéviatisy frolathieg round
characteristic quantity of the background of the image, the specific
“ehafactefdtid q@srtitg & ddtefifimed s Dethe vétidrasteristd faritity BPaA

unidentified object existing on the image. Thus, the characteristic quantity

48 cBrhputed it Balhi Ot e Hage BBfionE and-dBmpared -with a target

characteélstic guantitX se%lflort e irpa%e pgtion in ?P:der to eterminlae the
degree 0 %irﬁﬁaarlst?lbgtwee%t & }éoﬁwp%téD claragtengtc 53 ntﬂ§ andthe

5%@9éfna@§teaﬂ%igc% ity oF thghdeegg?% of, dissimilarity between.the .

“computed characteristic 21 quantity and the target characteristic quarﬁﬁf}ign

4B the.follawing,descyiption, the targst charggteristic-guantity, isreferred, . o

toas the characteristic quantity of a sample, which is selected from the

dackground-ofipe imageckhis ris referiedio asa dilferensce compyation rr
process.

of a background is a process to compute z characteristic
quantity.

As described above, an input image is divided into
uniform and fine image portions having the same size and
the same shape and the characteristic quantity of each of
the image portions is then computed. If a specific one of
the computed characteristic guantities of the image
portions shows a value deviating from the characteristic
quantity of the background of the image, the specific
characteristic quantity is determined to be the
characteristic guantity of an unidentified cbisct
exlisting on the image. Thus, the characteristic guantity
is computed for each of the image portions and compared
with a target characteristic guantity set for the image
portions in order to determine the degree of similarity
between the computed characteristic guantity and the
target chearacteristic gquantity or the degree of
dissimilarity between the computed characteristic
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Finally, the computed difference is typically compared with a threshold

value determined in advance in order to produce a result of determination
as to whether or not the image portion, for which the characteristic

quantity has been computed, is a portion of the background used as the
sample. This series of processes described above is an extension of a
technological concept of computing a difference in luminance between
gndividuay pixets. Wihattis describdtalsavesis asconceptieominon. to alh the
embodiments. A later description will explain how a characteristic quantity
s bbtaihad afd how a diffetende: Hetwaars tharaeteristic yuantitiestigant ity
computed. 2: First Embodiment A first embodiment is explained as
1BlIGVRS. SFirse Sof e, &F oGflifie OF B EfrDBdMert iSiHastribed. ff this sample,
embodiment, an image is provided in advance, the background of the . :
hege i SpaCified hianuali§ s Sampe Afenitidred %bB%@ atldafE- This
,chara(%teristicdq antity of thcf‘ ]L_)ack round is held. Thgn, when the
image-proeassing 23 apparatus € piiin an Akt perAting SGEE fater on,

Ahe characteristic tifies, each found for a portion of an.input image are
ngafﬁé L.ljh@ C%ﬁﬂi?él%%a gl-%%.rence 1= %}%%Caac.kiyoucn%?%%[.ez is

compared with the characteristic "quantity o "]

ﬁ%@@cgd%H%é@h%ﬁ%M@%f@é”ﬁ@@érmined in advance in order to

produce a result of determination as to whether or not
the image portion, for which the characteristic quantity
has been computed, 1s a portion of the background used as
the sample. This series of processes described above is
an extension of a technological concept of computing =
difference in luminance between individual pixels.

What 1s described above is & concept common to all
embodiments.

A later description will explain how a
characteristic guantity is obtained and how a difference
between characteristic guantities is computed.

2: First Embodiment

A first embodiment is explained as follows. First
of all, an cutline of the embodiment is described. In
this embodiment, an image is provided in advance, the
background of the image is specified manually as a sample
mentioned above and the characteristic quantity of the
background is held. Then, when the image-processing
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processing apparatus 201 according to the first embodiment of the

present invention. The diagram is based on Fig. IB. The image holding
section 112 is a section for once storing an input still image generated by
the image- taking camera 102. The image division section 113 is a section
for dividing the input still image into fine image portions. The
characteristic-quantity computation section 114 is a section for computing
ghe eharacteristicijuantity efh each of thecliragetportions.0 the:other o,
hand, a background characteristic- quantity holding section 202 is a
Jertich w5ed 16 heldity &'charddiemsticequantifRtivante askRetion of
characteristic quantity of a background specified by an_operation carried

Bt byHHé oparatr 43 & afpIa “Phe titfererddeScdifipitatibh SBEHGT 186 1¢

is a section for c mputing{ ardifferc?nce between a characteristic quantity
%%?ﬁl[;ujtgg b?/ghg %ﬁa%%fer%tﬁgqnuahtity computation section 114 for each
of the image p0£ti0nss 23 %vitg é[ﬁe ggglég}rgund characteristic. uegnéi'gy held
in the bac foundlcharacteristlc-qua tltynho?éilng section 202 i order to

produce a result of determinatign 3@&%%@6%@%@@9&&%@% is a
background portion. If the determination result based on the difference
embodiment of the present invention. The diagram is based
on Fig. 1IB.

The image holding section 112 is a section for once
storing an input still image generated by the image-
taking camera 102.

The image division section 113 is a section for
dividing the input still image inte fine image portions.

The characteristic-guantity computation section 114
is a section for computing the characteristic quantity of
gach of the image portions.

On the other hand, a background characteristic-
quantity holding section 20Z is a section used for
holding a c¢haracteristic quantity in advance as the
characteristic guantity of a background specified by an
operation carried out by the operator as a sample.

The difference computation section 116 is a section
for computing a difference between a characteristic
guantity computed by the characteristic-quantity

computation section 114 for each of the image portions
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computed by the difference computation section 116 is not a background
portion, an alarm is output in order to notify the operator that an

unidentified object exists in the input still image. The background
characteristic-quantity holding section 202 is connected to a display

section 203 and an input section 204. The display section 203 is a
commonly known display unit such as an LCD unit. The input section 204
sla lgenkrally kmoyropointing alevicessuchtas-a mousei Ag destrbed the
above, the background characteristic- quantity holding section 202 is a
Baetorr ased forhReleingea tharbetetistio GuamtitydA ddvanceas e 202 in
characteristic quantity of a background, which is specified from the input
Sfiffifade helAAYRE iMage Hotding Sef66F 112 1 b Opefdtionccarfiedher
out by the operator as a sample. To put it in detail, before the

IM&ge Préce Ry apParafusis PRE P& RefliaPSperafilg state, an input
image inq(])gdi the background sample is 24 displayed on th‘ﬁ display
section 203 a}:rrllgde tfgeentf ThEOperator oparates tHeRpat Sattion 204t Tence
SRl spaqva angedn Ine Inut (age fo.seve asa bagkarod, o o
sample. The characteristic-quantity computation section 114 computes
the.gharactaristiCrortion, an alarm is output in order to
notify the operator that an unidentified ocbject exists in
the input still image,

The background characteristic~quantity heolding
section 202 is connected to a display section 203 and an
input section 204.

The display section 203 is a commonly known display
unit such as an LCD unit.

The input section 204 is a generally known pointing
device such as a mouse.

As described above, the background characteristic-
gquantity holding section 202 is a section used for
holding a characteristic guantity in advance as the
characteristic guantity of a background, which is
specified from the input still image held in the image
holding section 112 in an operation carried cut by the
operator as a sample. To put it in detail, before the
image-precessing apparatus is put in an actual operating

state, an input image including the background sample is
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quantity of the background used as the sample and stores the
characteristic quantity in the background characteristic-quantity holding
section 202. Figs. 3A, 3B and 3C are diagrams showing a typical image
referred to in description of an outline of operations carried out by the
image-processing apparatus according to the first embodiment. Fig. 3A
shows a typical image 301 of a sea 302, the sky 303 and a ship 304
sepnng as@anunidaetifietghiect. Shetitnageds stared jn thesimagene
holding section 112. Fig. 3B shows backgrounds each specified as a
SRATHE I anopedtion carded optiby trecoperatat ®h the inpdesedtion
204 from the image 301, which is displayed on the display section 203 in
Hee6rdance Wit dperatich éamied ouidyehd operatore The a
characteristic-quantity computation section 114 computes the
CRAFEIENGE Gt of eAdT oftHESacke FoUrTdsC aAd 3Tdrés the
characteristic quantities of the backgrounds in the background

CRAFAEE st Attty HoIding 588%3&1555’ as ¥ Eﬁé‘rﬁ%@r%ﬁ ¢ Jbaftities
%&ggtﬂf fag}p !?I.%e!n ihe case of the image Shom@%rés%?@i%h%ﬁdaﬁt ores

perators specifies two baéf(g%lﬁnd sample%SB(F) a

AT RieS selectar tam dhe,sioy 208 predhe iea 3% sspsrively- Fo. 3¢

shows fine image portions generated by the
characteristic-guantity holding section 202.

Figs. 3A, 3B and 3C are diagrams showing a typical
image referred to in description of an outline of
operations carried out by the image-processing apparatus
according to the first embodiment.

Fig. 3A shows a typical image 301 of a sea 302, the
sky 303 and a ship 304 serving as an unidentified object.
The image 1s stored in the image holding section 112.

Fig. 3B shows backgrounds each specified as a
sample in an operation carried out by the operator on the
input secticn 204 from the image 301, which is displayed
on the display section 203 in accordance with the
operation carried out by the operator. The
characteristic-quantity computation section 114 computes
the characteristic guantity of each of the backgrounds
and stores the characteristic guantities of the
packgrounds in the background characteristic-quantity
holding section 202 as the characteristic guantities of
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image division section 113 as a result of dividing the image 301. The
characteristic-quantity computation section 114 computes the
characteristic quantity of each of the image portions. As shown in the
typical case of Fig. 3C, the image division section 113 divides the image
301 into 25 image portions S(l) to S(25). The difference computation
section 116 computes a difference between the characteristic quantity of
daehofnghedsackgrouidisampies B() ahd B(2rand tewhatactélistic 34,
uantity of each of the image portions S(1) to S(25). To be more specific,
tHE cRRfAICISITSTE- GEERtY differéltePSedtentilMFEcompltedchyFthe) and
difference computation section 116 as the differences between the
BhackgrolittiEanpies BitPand BEY Gidthe rale potioR&B(Ffo 5@%) the
are Ii§t§9 as foIIows:,Th«ardifference between the characteristic quantities
Dfthe acl(g‘%rc%ﬁr‘?é:%%% é/B(l) and the image portion S(1); the difference

between the characteristic quantities of the background sample B(2).and
the image- 36 pavioh S} (e AGIERCS RERLGo e ol Bt & che

araptities, of the packgrqund sample B(1) and the image portion, 52): the
difference between the characteristic

image 301. The characteristic-guantity computation
section 114 computes the characteristic guantity of each
of the image portions. As shown in the typical case of
Fig. 3C, the image division section 113 divides the image
301 into 25 image portions S(1l} to S(25).

The difference computation section 116 computes a
difference between the characteristic quantity of each of
the background samples B{(l; and B{2}) and the
characteristic guantity of each of the image portions
S{l} to 5(25). To be more specific, the characteristic-
quantity differences sequentially computed by the
difference computation section 11€ as the differences
between the background samples B(1l) and B(2) and the
image porticns S(1) to S(25) are listed as follows:

The difference between the characteristic
quantities of the background sample B(l} and the image
portion ${1);

the difference between the characteristic

gquantities of the background sample B{Z) and the image
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guantities of the background sample B(2) and the image portion S(2); and
so on and, finally, the difference between the characteristic quantities of
the background sample B(1) and the image portion S(25); and the
difference between the characteristic quantities of the background sample
B(2) and the image portion S(25). Figs. 4, 5 and 6 show flowcharts
representing details of the operations described above. Fig. 4 shows a
dlowichart régresenting preprocessing preceding actual operations carried
out by the image- processing apparatus 201 according to the first
embodiniart. Ald Shewarin¢hd £ titeres, thb$lowchar beginss With a step
S401 at which the execution of the preprocessing is commenced. Then,
M pextStep 540D e apARpETStinHageTrladiAg saniplss foise image
specified by the operator is stored in a RAM of the image holding section
R95T ARMWiff bé described below, backgrounds of the input still image are

specified by the operator as 27 samples. Then, at the next step 5403, the
ot St S 12 HTRy B 8P AGp ) Sebhott 265 WhAE bsually
nfirmipg the |

&QantlQAES 5%“%5@”%2% %round sample B{2) and the image
portion S5(2}; and so on and, finally,

the difference between the characteristic
guantities of the background sample B(1l) and the image
portion S{25); and

the difference between the characteristic
quantities of the background sample B(Z) and the image
portion S(25).

Figs. 4, 5 and 6 show flowcharts representing
details of the operztions describesd above,

Fig. 4 shows a flowchart representing preprocessing
preceding actual operations carried cut by the image-
processing apparatus 201 according to the first
embodiment. As shown in the figure, the flowchart begins
with a step S401 at which the execution of the
preprocessing i1s commenced. Then, at the next step $402,
an input still image including samples to be specified by
the operator is stored in a RAM of the image holding
section 112. As will be described below, backgrounds of
the input still image are specified by the operator as
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displayed on the display section 203, at the next step 5404, the operator
operates the input section 204 in order to enter the range of addresses of
every background to be used as a sample. After the operator verifies the
specified address ranges, at the next step 5405, the address ranges are
stored in the RAM. Then, at the next step 5406, pixels of each of the
address ranges each serving as a sample are extracted from the input
stlhimage and a characteristic quantity of the pixels is computed for each
of the address ranges. Then, the characteristic quantities are held in the
backgroutiecharacterisic-gagntity Fomlifd Sectich 202nFinally it the jastoe
step 5407, the execution of the preprocessing represented by this
FBwEhER IS8RTedTFiGES andB shows AbweRart fepresenting the actual
operations carried out in an operating state by the image-processing
apparatu 201%ctbrdiAg 18 thefirst BMbSdiment. APsHowt inftRig Bafe

flowchart begins with a ,step.S501 at which execution of the actual
TS O HARCA Thar ot 1hS hestoray 5508 al o St bG8

isfgred ndhe RAM,of the mage holding seqlion, 112..They, a3 ihe pext

step 5503, the characteristic-
order to enter the range of addresses of every background

to be used as a sample.

After the operator verifies the specified addresss
ranges, at the next step 3405, the address rangss are
stored in the RAM. Then, at the next step 5406, pixels of
each of the address ranges each serving as a sample are
extracted from the input still image and a characteristic
guantity of the pixels i1s computed for each of the
address ranges. Then, the characteristic gquantities are
held in the background characteristic-~guantity holding
section 202. Finally, at the last step 3407, the
execution of the preprocessing represented by this
flowchart i1s ended.

Figs. 5 and € show a flowchart representing the
actual operations carried out in an operating state by
the image-processing apparatus 201 according to the first
embodiment.

As shown in Fig. 5, the flowchart begins with a
step 5501 at which execution of the actual operations is
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guantity computation section 114 computes the characteristic quantity of
each of image portions generated by the image division section 113 as a
result of dividing the input still image. Subsequently, at steps following the
step S503, the difference between the characteristic quantity of each of
the image portions and the characteristic quantity of each of the
background samples is computed. At a step 5504, a variable i is initialized
fodr tEue vallable,i isa vanableeusedsfoeidedlifiing an inTagetpertion 1
serving as an object in the processing to compute the difference between
ehagsctéssticcquaaTities. By th&siime fokdre atnatiép S508 i avasiableljds
initialized to 1. The variable | is a variable used for identifying a
]b]a%kground sample serving as an object in the processing to compute the
difference between the characteristic quantities. Then, at the next step

S5086, the Hiferefite bafivedi thé ERRratttistic GhENn G of abackgfouria
sample B(j) _and the characteristic quantity of an image portion S(i) is
Sored 55 SHBEE Uty B e Hod blor 257 8 dfefonce

Semayted n the,progess cartied qut af the step Sp00.1s, compared with a
store thre@hoi’cllvaée%etem‘}?ne in advance. Tf the del%erm“lnatl]lon result
dndjcatesdhatibe ne image division section 113 as a result
of dividing the input still image.

Subseqguently, at steps focllowing the step 35503, the
difference between the characteristic guantity of each of
the image portions and the characteristic guantity of
each of the background samples 1s computed.

Lt a step S£504, & variable i is initialized to 1.
The variable 1 is a variable used for identifying an
image portion serving as an object in the processing to
compute the difference betwesn characteristic guantities.

By the same tokemn, at a step 55053, a variable 7 is
initialized to 1. The wvariable 7 is a variable used for
identifying a background sample serving as an object in:
the processing to compute the difference between the
characteristic guantities.

Then, at the next step S506, the difference between
the characteristic quantity of a background sample B{Jj)
and the characteristic guantity of an image portion S({i)

is computed.
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difference is at least equal to the threshold value, the flow goes on to a
step S508 at which a flag variable f (i) is set at 1. There are provided as
many flag variables f (i) as image portions (i). A flag variable f (i) can be
set at 1 or reset to O. It is to be noted that, if the determination result
indicates that the difference is smaller than the threshold value, on the
other hand, the flow goes on to a step S509 at which the flag variable f (i)
is reset ®.@.sEhere at astep S6i0dolewing the stepBE08, the: vatiablerjence
is examined whether or not the variable j is at least equal to a
csampplescbuit Miaximprrvadge. [nahe icabecofithe tygical isputstil ihage s
shown in Fig. 3A through 3C, the number of background samples (j) is 2.
CTHES AR viiible § iSERdfimel WIRGRer- 6r NGtihe wifladiay 3 ldast
equal to 2. If the determination, result indicates that the variable | is at

A& Gural t6 Lthb e ot ArakfhumAifed; the HoRAgSes ortora the
step 5611 at which the_variable i is incremented by 1. If the determination
%ééﬁﬁ?d?@aeteé?ha%1hé%3ﬁ§bl8?ﬁl§]sn¥acileﬁ}?anﬁ BEHMpIe-counts, he

aximum value, on the other ?SO? nd, the flow.goes.on to a step 5612
Rt 28 1 S S MRt Ao g e o

feckground sample () that lemalns 18 peRie23,20 LHISHLPT 08 g
processes carried out at the step S506 and
variables f (i) as image portions (i). A flag variable f
(i} can be set at 1 or reset to 0. t 1s to be noted that,
if the determination result indicates that the differences
is smaller than the threshold wvalue, on the other hand,
the flow goes on to a step 3509 at which the flag
variable £ (i) is reset to 0.

Then, at a step 38610 following the step 3508, the
variable 7 is examined whether or not the wvariable j is
at least equal to a sample-count maximum value. In the
case of the typical input still image shown in Fig. 34
through 3C, the number of background samples (3) is Z.
Thus, the variable 7 is examined whether or not the
variable j is at least equal te 2. If the determination
result indicates that the variable j is at least equal to
the sample-count maximun value, the flow goes on to a
step 5611 at which the variable 1 is incremented by 1. If
the determination result indicates that the variébl@ 3 is

smaller than the sample-count maximum value, on the other
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the subsequent steps. At a step 5613, the variable i is examined whether

or not the variable i is at least equal to an image- portion-count maximum
value. If the determination result indicates that the variable i is smaller

than the image- portion-count maximum value, the flow goes on to a step
S614 at which the variable i is incremented by 1. Then, the flow of the
operations represented by this flowchart goes back to the step 5505
haithibut daerying-theqprecessest tordhe sea uséd aszhe sedand the
background sample because the present image portion (i) is known to be
atimdge portion ofthresskgrdaryivayy If the detérminatidreresulidndibates s
that the variable i is at least equal to the image-portion-count maximum
Slalue, oh heOtEECRAS, IHEPesult(0Pthé "détefrifhations iintetpieted ag an
a determination result indicating that all the image portions (i) have been

USERC as OhjedtS iPte P EESsesdariEd ot the stdpsE65Pandihe and

Sﬁjbse%g)ent ste S. in this case, the flow of the operations represented by
“this foweHait§oes 5T 8 “step 5615 at which all the flag variables f (i)

are 31 exs m(ijned whe@gi r ngihthere is.%ga%vqriable fﬁ@ set at 1,
e

f th
determination rgg’fﬁFindlca &s that there is Tio flag variah ‘rtni'lflge at e,'t er

5Qeﬂ%%nkﬁ%m9ariable i 1s at least egual to an image-
portion-count maximum value. If the determination result
indicates that the variable 1 1s smaller than the image-
portion~count maximum value, the flow goes on to a step
S614 at which the variable 1 is incremented by 1. Then,
the flow of the operations represented by this flowchart
goes back to the step 3505 without carrying the processes
for the sea used as the second background sample because
the present image porticn (1) is known to be an image
portion ¢f the sky anvyway.

If the determination result indicates that the
variable 1 1s at least egual to the image-porticn-count
maximum value, on the other hand, the result of the
determination is interpreted as & determination result
indicating that all the imege portions (i) have been used
as objects in the processes carried out at the step S305
and the subseguent steps. In this case, the flow of the
cperations represented by this flowchart goes on to a
step S615 at which all the flag variables £ (i) are
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determination is interpreted as a determination result indicating that all

the image portions (i) are image portions of the backgrounds or a
determination result indicating that there is no unidentified object. If the
determination result indicates that there is a flag variable f (i) set at 1, the
result of the determination is interpreted as a determination result

indicating that the image portion (i) with a flag variable f (i) set at 1 is not
axeimagedpertioniota backgroumchehut ansmage Jpostiors efiam bnidentified
object or a determination result indicating that an unidentified object
KXistgbnihe image portion (i). That is to say, if the existence of an
unidentified object is recognized, the flow of the operations represented

by this fléwchaft gdes ohterste 5618t LwhicharCalaft is dafputhere is
Finally, at the last step S617, the execution of the operations represented

1y this® flowehaft3s-8nded. in aBBordahce withtRistéfbodinieht, &

Cgéag%%round sample is specified in advance by carrying out a manual
Y

Tor it the"erBoAintent haE ashaftcdming thelt 232 the ~=5uit

emtpodiment is_nat.capable of keeping up with a change, n background
e T e P e

ﬁSEVt%]?o&?—?sa@PC'éQ@UQQc 8 iz gase.dithe seagets rqugh dye 1o.the .

weather or

indicating that there is no unidentified object.

If

the determination result indicates that there is
a flag variable £ (i) set at 1, the result of the
determination i1s interpreted as a determination result
indicating that the image portion (i) with a flag
variable £ {i) set at 1 is not an image portion of a
background, but an image portion of an unidentified
object or a determination result indicating that an
unidentified object exists on the image portion (i).

That is to say, 1f the existence of an unidentified
obiect is recognized, the flow of the operations
represented by this flowchart goes on to a step S616 at
which an alarm is ocutput. Finally, at the last step 8617,
the executicn of the operations represented by this
fiowchart is ended.

In accordance with this embodiment, a background
sample is specified in advance by carrying ocut a manual
operation. Thus, the embodiment has a shortcoming that
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the relation between the sea and the sky serving as another background
changes because the photographing angle of the image-taking camera
102 is varied, incorrect recognition of an unidentified object may probably
be carried out undesirably. If the characteristic quantities of the
backgrounds are known sufficiently and proper setting is made for the
proper object of monitoring on the basis of the characteristic quantities,
Howesrpcthenemibodimentts capableof wellkedibitigg e functibns. change
Anyway, the method according to the embodiment can be applied to
Idasesd fk AFeH theCharacte AstcSqdantitieSofRRE mbNnitoTiHGF6bj8ethardfF
change, the photographing operation is carried out without changing the
Yhotographing angi& oF e StaRinGCantéra T2 & badRgrtmgHnd -
famﬁles can be nq.v%y specified if the characteristic quantitg?s changg. By

e Walysf tr(fea\?v%y in whichthasiz ce)f:tﬁerir%%%e 5ftions is d&tefRihed™ = °F

Mvaries a little bit, depending on_the object of monitoring. In the case of a
T B A S e At o Exahple Tarcsy e

£xcessively small size of theimage partanss set.the, chayacteristic
guantity of each of the image portions cannot be said to be computal%e. If
dhe sizenf an dinidentified objeckto-he detecierbis;smalkandan incorrect
recognition of an unidentified object may probably be
carried ocut undesirably.

If the characteristic quantities of the backgrounds
are known sufficiently and proper setting is made for the
proper object ¢of monitoring on the basis of the
characteristic quantities, however, the embodiment 1s
capébl@ of well exhibiting its functions. Anyway, the
method accerding to the embodiment can be applied to
cases in which the characteristic quantities of the
monitoring obkject hardly change, the photographing
operaticn 1s carried ouf without changing the
photographing angle of the image-taking camera 102 and
background samples can be newly specified 1if the
characteristic quantities change.

By the way, the way in which the size of the image
portions 1s determined varies a little bit, depending on
the object of monitoring. In the case of a background

forming a complicated pattern, for example, if an
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excessively small size of the image portions is set, however, changes of
the characteristic quantities computed for the image portions are
undesirably difficult to observe. It is thus necessary to properly change
the size of the image portions in accordance with the object of
monitoring. For this reason, it is probably nice to determine an optimum
size of the image portions in advance by properly changing the size on a
triatandi esrdy basisWihikel carryirig outtriahaperations prioeto thesactpakhe
operations of the image-processing apparatus 201. The description given
ebove & summtarizedasn followso The &ore edmpbrentrafghe portions
image-processing apparatus 201 according to the embodiment is a
fReRbMpRtEdperating by eXeeiich-efsoftwaret Pehen-ar inpuestill
image is supplied to the image-processing apparatus 201, the image is
SibtES i thiehiRthge RGIdingt SebforfiEfE Siifich isSactiiallyla RxM a05.
The image _division section 113 iviqis the input still image into image
BRGNS HEving GAforn Sdgect The EhatASERse BBARMY compifiation

ﬁggieqpelfm gomputes a §4tqpéara eristic for each of the image

€8 é%ar & %H?qu&c uantities ..
portions.” The ¢ atacteristic guantity of atbacﬁground%amgle Specified by

camying ut aJnapual gperation nas been stored in advapce as avalug - ;-

115 determined in advance’in
tc cobserve. It is thus necessary to properly change the

size of the image portions in accordance with the object
cf monitoring. For this reason, i1t is probably nice to
determine an optimum size of the image portions in
advance by properly changing the size on a trial-and-
error basis while carrying out trial operations prior to
the actual operations of the image-processing apparatus
201.

The description given above is summarized as
follows. The core component of the image-processing
apparatus 201 according to the embodiment is a
microcomputer cperating by execution of software. When an
input still image is supplied to the image-processing
apparatus 201, the image is stored in the image holding
section 112, which is actually a RAM 105. The image
division section 113 divides the input still image into
image porticns having uniform shapes. The characteristic-
guantity computation section 114 computes a
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the background characteristic-quantity holding section 202. The
difference between the characteristic quantity computed for each of the
image portions and the characteristic quantity of the background sample
is found and compared with a threshold value determined in advance. An
image portion with a difference found smaller than the threshold value is
determined to be an image portion of the background. In this case, a flag
providert for the image:portiey determinechtodye an éimage gortionofithe s .
background is reset to 0. Thus, by carrying out the processing described
Abevetitisgpussible to. proguee aitegul 6f determinatiomas sambether an
image portion is an image portion of a background of an image portion or
an=gaideatificdyoliest Weig obvious from e alopeer alescrpticns theen
processing described above includes a process to compute a
eharsRteristic LiaRtI for agh BRtHE imade Poitiors bitained asdvrssar in
of dividir;%ﬁthe input still image and a process to compute the difference

bEfwERFtHRTHA Sctenef@ qhaity Eomputet foi Bich ot dhaImagetion

ions and the_characteristic quantity of the 35 background sample. 2.1:
O e i AR Ot M BBDUoR Ao Firtonpatigrs o

88%5&%%@“%8P3Q§tHSO%X@%@egégégmﬁg%tions and the
characteristic gquantity of the background sample is found
and compared with a threshold value determined in advance.
An image portion with a difference found smaller than the
threshold value is determined to be an image portion of
the background. In this case, a flag provided for the
image portion determined to be an image portion of the
background is reset to 0.

Thus, by carrying out the processing described
above, it i1s possible to produce a result of
determination as to whether an image portion is an image
portion of a background of an image portion or an
unidentified object. As is obvious from the above
description, the processing described above includes a
process to compute a characteristic quantity for each of
the image portions cbtained as a result of dividing the
input still image and a process to compute the difference
beﬁween the characteristic guantity computed for each of
the image portions and the characteristic quantity of the
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The characteristic quantity is numbers representing the characteristic of

an image in a predetermined range. There are a variety of conceivable
characteristics of an image. The characteristics of an image include the

color of the image, the chroma of the image and the pattern of the image.
Thus, normally, the characteristic quantity of an image is not a single

scalar quantity. Instead, the characteristic quantity of an image is a
matribglhaving asaumber. of elements. Figs. 7A, 7B and 7C are each a

rough explanatory diagram referred to in description of a color histogram,
which is énel of Rethedsteconpute Zicharacteristionguaatityandie thod
common to all embodiments of the present invention described in this
specificafo et BE nicre spedfie CEigI7A showsaar-ipUsstic image 70ty is
including a background sample to be specified and selected from the

fifage K860 70258 §prIEd-all over the area of the input still image 701.

On the sea 702, a ship 703 exists as an unidentified object. The ship 703

is compoded of Batckcofdrpixels. BT Shws thé BAERgrouRG Rafi& t 1ng

gﬁt{gacégg;rocgr%e%ﬁ %hte.igpgtfstill image 7{91.shown in @% 7A. The
baEkgroun& sampjfe SHGWA in T:Llré Sig anlennlgrg%aepo {6 H@f?ﬁ@s@f&nge'

02 ;\;ascpé%vgﬁi: . 1 épBlgvg%xe%§@Jas%escé%%eeixxifsatb%ethéhsaeéavg%tee{:Z R s
of an image. The characteristics of an image include the
color of the image, the chroma of the image and the
pattern of the image. Thus, normally, the characteristic
quantity of an image is not & single scalar gquantity.
Instead, the characteristic quantity of an image is a
matrix having a number of elements.

Figs. 7A, 7B and 7C are each a rough explanatory
diagram referred to in description of a color histogram,
which is one of methods to compute a characteristic
guantity and common te all embodiments of the present
inventicon described in this specification.

To be more specific, Fig. 7A shows an input still
image 701 including a background sample to be specified
and selected from the image. A sea 702 is spread all over
the area of the input still image 701. On the sea 702, a
ship 703 exists as an unidentified object. The ship 703
is composed of black-color pixels.

Fig. 7B shows the background sample extracted from
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sea water 705 is composed of blue-color pixels whereas each of the

wave splashes 704 is composed of white-color pixels. Fig. 7C shows a
matrix 706 of all color components. Values of pixels existing in the input
image shown in Fig. 7A are cumulatively added one by one to an element
included in the matrix 706 as an element corresponding to the pixels. As

a result, pixel values are concentrated in a white-colored area 707
Expressing asvavelsplasiy«a blog-cdtenarea /08 expregsing the:sea water
and a black- colored area 709 expressing the ship, which is an
amidantifieddobjectrThatds torsay rit Bigrobally hiceato have theerbader tion
think that a curved surface like the commonly known Gauss curved

hrfate i$ formeddn edch ehtherwhite Lotored Breav20E, thie biug:eslordt!
area 708 and the black-colored area 709. As explained above, the color
HistErarh of Acaibred itidtje i$thata fepreSemtfgiGrashestiree - The
frequencies each counted for pixels in the colored image. The color

Fisto§fanT tan Glso'be FETEHEE As Hatd oBfiITEY A6 £restit Of BTr&@Ry
spreading color dots composing 3 colored image and.then collecting
?hé:%o%jr" dots of the saie o ogrscjmbg%nlesnt Fo?zrég\)/%%eéglgff C(‘S“r%%ﬁeﬁt&ox
Tﬂ‘z@i he pattern concept is lost from the generated data. Figs. 8A, 8B,

%C and 8D are each a rough

Fig. 7C shows a matrix 706 of all color components.
Values of pixels existing in the input image shown in Fig.
7R are cumulatively added one by one to an element
included in the matrix 706 as an element corresponding to
the pixels. As a result, pixel values are concentrated in
a white-coclored area 707 expressing a wave splash, a
blue-color area 708 expressing the sea water and a black-
colored area 709 expressing the ship, which ig an
unidentified object. That is to say, it is probably nice
to have the reader think that a curved surface like the
commonly known Gauss curved surface is formed in each of
the white-colored area 707, the blue-colored area 708 and
the black-colored area 709.

As explained above, the colcor histogram of a
cclored image 1s data representing color appearance
frequencies each counted for pixels in the colored image.
The cclor histogram can also be regarded as data obtained
as a result of discretely spreading color dots composing
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explanatory diagram referred to in description of a frequency analysis,

which is one of methods to compute a characteristic quantity. The
frequency-analysis method to compute a characteristic quantity can be

used as a method common to all embodiments of the present invention
described in this specification. To be more specific, Fig. 8A shows a

portion 801 of an input image. The input-image portion 801 is the same
HeethapsivewnlintFigo ZBaTHatisad sayltheqoition 8DE is@lpartionofact
sea. A background sample shown in Fig. 8B as a background sample
Extrat BRI 6MRE IrfRMARGE Tpdtivn VUL LY af CHidrgea oG 6f thel hus
input-image portion 801. The background sample shown in Fig. 8B is a

WHVEPSPIAST PikEIE BB 'of Hwads SphshTrd BRgRERRTE PikelSdt the
sea water are dark. Fig..8C shows ical graph gbtained as a result of
plotting f??f%:‘(;ﬁ)srighEr?l(‘aSs%o‘Ef3 bixge(fs 88|§p%§n63f%e #ﬁ)‘f(}f ithage ¥yuentially in
the direction from.the left to the right, As is obvious from the figure, the
o e e L v e e

Pf@&;j&@?é;}%@!ﬁgg@& compasing 2 wave splagh is 38 high, Then the,

graph obtained in this way is handled as if the graph were the wavetorm

of asighal - The sfrequency-analysisaethod fordinding. a chatacteristicy, o +o
quantity is a method of analyzing the frequency

ceompute a characteristic guantity can be used as a method
common te all embodiments of the present invention
described in this specification.

To be more specific, Fig. 8A shows a portion 801 of
an input image. The input-image portion 801 is the same
as that shown in Fig. 7B. That is to say, the portion 801
is a portion of a sea. A background sample shown in Fig.
8B as a background sample extracted from the input-image
portion 801 1s an enlarged portion of the input-image
portion 801. The background sample shown in Fig. 8B is a
wave splash. Pixels 802 of a wave splash are bright while
pixels of the sea water are dark.

Fig. B8C shows a typical graph obtained as a result
of plotting the brightness of pixels composing the input
image sequentially in the direction from the left to the
right. As is obviocus from the figure, the brightness
level of pixels compesing the sea water is low while the

brightness level of pixels compesing a wave splash is
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components of the signal. Fig. 8D shows a typical result of the frequency-
analysis method. In accordance with the frequency- analysis method, the
waveform plotted in Fig. 8C is subjected to a Fourier analysis and the
result of the Fourier analysis is represented by a curve shown in Fig. 8D
as a cure expressing a relation between the frequency represented by the
horizontal axis and the luminance level represented by the vertical axis.

Eventuallyngriecesef datagepresenteckhy the cunve aresputin anmatlixd as
The elements of the matrix are each a frequency component of a signal
havinga waseliormaepreseating the dJuminafice of themput image. As
described above, in accordance with the frequency-analysis method for
finginy encharastelistd quentihgd Wavefoimdepresentig vatinancestevel
changes from pixel to pixel is created and subjected to the Fourier
frapsfolrhstics for Aralyyity frégaercyyesipondris efaRavaveform. As

a result of the Fourier transformation, a lightness/darkness pattern
SpPEARTTaS &pattélh detéRfined in advance is expressed by frequency
39 companents._Fig. 9 is exglanato,rg diagrams_referred to in description

of a simuftadeoieocdtiiEhe préBabifity hfatrc - ©of the frequency-

analysis methde In accordance with the freguency-
analysis method, the waveform plotted in Fig. 8C is
subjected to a Fourier analysis and the result of the
Fourier analysis 1s represented by a curve shown in Fig,
8D as a cure expressing a relation between the frequency
represented by the horizontal axis and the luminance
level represented by the vertical axis. Eventually,
pieces ©of data represented by the curve are put in a
matrix. The elements of the matrix are each a freguency
component of a signal having a waveform representing the
luminance of the input image.

As described above, in accordance with the
freguency-analysis method for finding a characteristic
guantity, a waveform representing luminance-level changes
from pixel to pixel is created and subjected to the
Fourier transformation for analyzing freguency components
of the waveform. As a result of the Fourier
transformation, a lightness/darkness pattern appearing as
a pattern determined in advance is expressed by freguency
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To be more specific, Fig. 9A shows two arbitrary pixels Pl and P2 of an
image. The separation of the two pixels 21 and 22 from each other is
represented by a distance r and an angle G. A relative position function b
is a function dependent on the distance r and the angle G. The relative
position function b is expressed as b = (r, 9). Fig. 9B shows the pixel P2
as the next pixel adjacent to the pixel P1 for a case in which the relative
positiondunetion b is expressed as b = (1, 0). On the other hand, Fig. 9C
shows the pixel P2 as the pixel right above the pixel P1 for a case in
which thEirglativeipositionlfanetiontly isiexpressed as ber(lsdO®) The
simultaneous occurrence probability matrix is a square matrix. The
@fementstofahe simaltanoous tecctrrence probralsility e atrizizee 2ach @
luminance value obtained as a result of cumulatively adding a
Bofbhiation of luminance levels of two pixels separated away from each
other by a fixed relative position function b to the luminance value. 40 Fig.
10 is explanat6ry diagrarisShdwing ihage dafa RpRficd® Mmaké trary
Eg%(% ation easy tg understand.and a simultaneous occurrence

lity m&MR aigo Sipiified 15 Hiake theexpiiifdion edsyts the twe

Hgggﬁga$% and PZ from each other is represented by a
distance r and an angle 6. A relative position function 3
is a functicn dependent on the distance r and the angle 8.
The relative position function & is expressed as & = (r,
8}.

Fig. 9B shows the pixel P2 as the next pixel
adjacent to the pixel Pl for a case in which the relative
position function & is expressed as & = (1, 0°).

On the other hand, Fig. 9C shows the pixel P2 as
the pixel right above the pixel Pl for a case in which
the relative position function & is expressed as & = (1,
90°) .

The simultaneous occurrence probability matrix is a
sguare matrix. The elements of the simultaneous
occurrence probabillity matrix are each a luminance value
ocbtained as a result of cumulatively adding a combination
of luminance levels of two pixels separated away from
each other by a fixed relative position function & to the
luminance value.
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To be more specific, Fig. I0A shows data of an image having 16 (= 4 x 4)
pixels with four luminance levels, that is, luminance levels O to 3. Fig. 10B
shows a simultaneous occurrence probability matrix, which is a square
matrix having 16 4 x 4) pixels with the four luminance levels. The
following description explains a procedure for creating the simultaneous
occurrence probability matrix shown in Fig. 10B from the image data
shown irefig. 10A feka gefativepositionduactionms =(h@) =6, O detds: a
assume that coordinates (0, 0) shown in Fig. 10A are the coordinates (X,
s opthefpixdl Rd. nahis easd,dhe coordiratey (X, ) ofithe-pixeh2? arei(lz
0). As shown in the figure, the luminance level i of the pixel P1 and the
fminbheadeud | of therpisalR? nrolboith 01 Thusatisaddedso a
luminance level at the position with coordinates (i, j) = (0, 0). In addition,
i ld fFéGprotsl EBUMtinG SheratiorrRaakeY 6651 IsfurRhecadded ®-

the luminance level at the position with coordinates (i, j) = (0, 0). Then, let

us assumé thit CBorGinaRe(d L6 shdwm® 4 i Eig MO afdife ©F an

coordinates (X, y).of the pixel P1. In this case,.the cpordinates (x, y) of the
R PIRL T 0 Aatioain BB o1 13 b aihe YR BV He

. As shown |

Pl P s G wbereas the luminance jvpliaf the, o 5

Fig. 10B shows a simultaneous occurrence
probability matrix, which is a sguare matrix having 16 (=
4 x 4) pixels with the four luminance levels. The
following description explains a procedure for creating
the simultaneous occurrence probabillity matrix shown in
Fig. 10B from the image date shown in Fig. 104 for a
relative position function & = (r, 8) = (1, 0°%).

Let us assume that coordinates (0, 0) shown in Fig.
I0A are the cocrdinates (%, y) of the pixel P1. In this
case, the coordinates (x, vy) of the pixel P2 are (1, 0).
As shown in the figure, the luminance level i of the
pixel Pl and the luminance level j of the pixel P2 are
both 0. Thus, 1 is added to a luminance level at the
position with coordinates (i, 1) = (0, 0y. In addition,
since a reciprocal counting operation is carried out, 1
is further added to the luminance level at the position
with coordinates (i, 1) = (0, 0).

Then, let us assume that coordinates {1, 0) shown
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pixel 22 is 1. Thus, 1 is added to a luminance level at the position with
coordinates (i, j) = (0, 1). In addition, since a reciprocal counting operation
is carried out, 1 is added to a luminance level at the position with
coordinates (i, j) = (1, 0). The operation to count up the value of a matrix
element representing a combination of luminance levels of pixels
separated away from each other by a relative position function 5 as
ideseriged abave is-canied @b for: alh pixels X hatis te saynthepixel P1.

simultaneous occurrence probability matrix, which is a square matrix, is a
Tounter imattixayitht eackrelement shereof(sepresentifigtithe nmumbeér ¢f2 are
times a combination of luminance levels of two pixels appears. Let us
Keepln mindsthabitigithermbhitorinigs systent designerdiwho rsakesvael 1 of
decision on whether the reciprocal counting operation is to be carried out.
HrenPthePproperty 8f the'SimifafieSlisocctiffaerprobabfity habrix, it
desirable to use a plurality of relative position functions in order to
Ryeretatea piurality oFstmultanédus refice DrobaALifig H&rix8s A2 2t
tcBrli/ adoption of these methods for comgutir_lg a, chqracteris,tgic quantity, a

BrattEnsticguantity’ eXpressedih termstef & malrix Raving a larde
néjmbce.r of pieces of data is found for each ofcima e portions .
additTion, S§ince & reciprocal countin oBera ion 1is
carried out, 1 is added to a luminance level at the
position with coordinates {1, ) = (1, 0}.

The cperation to count up the value of a matrix
element representing a combination of luminance levels of
pixels separated away from sach other by a relative
position function & as described above is carried out for
all pixels. That is to say, the simultaneocus occurrence
probability matrix, which 1s a sguare matrix, is a
counter matrix with each element thereof representing the
number of times a combination of luminance levels of twe
pixels appears.

Let us keep in mind that it is the monitoring-
system designer who makes a decision on whether the
reciprocal counting coperation 1s to be carried out.

From the property ¢f the simultaneous occurrence
probability matrix, it is desirable to use a plurality of

relative pesition functions in order to generate a

plurality of simultaneous occurrence probability matrixes.
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obtained as a result of dividing an image. A difference between each of
these computed characteristic quantities and a characteristic quantity
found and held in advance as the characteristic quantity of typically a
background sample is found and compared with a threshold value
determined in advance. In the following description, the processing to
compute such a difference is referred to as a characteristic-quantity

difference gompstatiomprocess iasbe deserined later. Lekys:kaep;inamind
that it is the monitoring- system designer who properly selects one of the
chatasteristic quantityueormputation ngtheds-used as the examples/in the
above description by considering a tradeoff between the precision of the
epmpeitet Characterstic quartities and:thé amount ef cempetationber of
processing. 2.2: Characteristic-Quantity Difference Computation Methods
i aecsrdafceivith the chardlerfstie-dirapiityo Eopridicromethods used
as the examples in the above description, a characteristic quantity is
PSrRifOF Sath 43 didFiage portichs ditamed Hs a fesift-of dividing an
image. All the characteristic quantities are each expressed in terms of a

matrix ha%ir%igfaerﬁﬁ%%?‘n@&td”fe&@c&a%ﬁg_ these computed

characteristic quantities and a characteristic quantity
found and held in advance as the characteristic quantity
cf typically a background sample is found and compared
with a threshold value determined in advance. In the
following description, the processing to compute such a
difference is referred to as a characteristic-quantity
difference computation process to be described later.

Let us keep in mind that it is the monitoring-
system designer who properly selects one of the
characteristic-quantity computation methods used as the
examples in the above description by considering a
tradecif between the precision of the computed
characteristic guantities and the amount of computation
processing.

2.2: Characteristic-Quantity Difference Computation
Methods

In accoerdance with the characteristic-quantity
computation methods used as the examples in the above
description, a characteristic guantity is found for each
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Thus, such a difference is found by comparing data of two matrixes. How
such a difference can be found? The difference represents the degree of
similarity between the data of the two matrixes. The two matrixes are a
matrix representing a characteristic quantity found for an image portion
and a matrix representing the characteristic quantity of a background
sample. There are a variety of known existing methods for finding the

degreesefsimiarity hetween e data0f the tweumatrixes Some:ofdher
methods are listed as follows: (1): SAD (Sum of Absolute Differences) An
absglate diferende=betweenthe walitesofdwanedreespongding elements in
the two matrixes is found for each pair of such matrix elements and a
suiprofstedl absolaterdiffereneernds: compitedi (2): 8SDa(Siam ofSiquared:
Differences) The second power of a difference between the values of two
BdRESFOrfting @letnents in the two matrixes is found for each pair of such

matrix elements and a sum of such squared differences is computed. (3):
Normalizatioit 44 B4ch fafixel&meRfR HahdfetPasan eldinBrestag data
X&]efctor and the inner product of the two matrixes is found. That is to say,

e

PrOAURESF S Corre SBhdihig Bletndhts iR Tife fifo nifdtrikss is¥otid The

nd a sum of such products i \
81%9érence repgesen s the degree of similarity between

the data of the two matrixes. The two matrixes are a
matrix representing a characteristic quantity found for
an image portion and a matrix representing the
characteristic quantity of a background sample.

There are a variety of known existing methods for
finding the degree of similarity between the data of the
two matrixes. 3Some of the methods are listed as follows:

(1): SAD (Sum of Absolute Differences)

An absolute difference.between the values of two
corresponding elements in the two matrixes is found for
each pair of such matrix elements and a sum of such
absclute differences is computed.

(2): 33D {8um c¢f Sguared Differences)

The second power of a difference between the values
of two corresponding elements in the two matrixes is
found for each pair of such matrix elements and a sum of
such squared differences is cémputed.

{3): Normalizaticn
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is computed. The characteristic-quantity comparison processing is carried
out in order to eventually find a difference, which is a single scalar
guantity. The computed difference is then compared with a

predetermined threshold value held in advance in order to produce a
result of determination as to whether or not an image portion is a portion
of a background sample. Let us keep in mind that it is the monitoring-

system designeradeipropedysglectsong gtthescharagteristicguantitys 5
difference computation methods used as the examples in the above
descripticmbly cieasidering agttasgeofftbetweemtherprecisionafthe is found.
computed difference and the amount of computation processing. The
Tharacteristic-quantityc cemputationtmethodgandotheesponding elements
characteristic-quantity difference computation methods described above
tandmhbesalatede adopiedras a method compdorstoctheproducts
image-processing apparatus according to the first embodiment as well as
iMageMpie@Ssing apparatus according to second, third, fourth 45 and

fifth embodiments to be described later. That is to say, for any one of the

embodirtehts, tHe Tofor Fistogram ettt the T8t ENey AnaljsRsess ing

method or the simultaneous occurrence probahjlity method can be
% oﬁeﬁfégg cut fh oraer To eve tué%inyQn a difference,

which is a single scalar guantity.

The computed difference is then compared with a
predetermined threshold value held in advance in order to
produce a result of determination as to whether or not an
image portion is a portion of a background sample.

Let us keep in mind that it is the monitoring-
system designer who properly selects cne of the
characteristic—quantity difference computation methods
used as the examples in the above description by
considering & tradeoff between the precision of the
computed difference and the amount of computation
processing.

The characteristic-guantity computation methods and
the characteristic-~quantity difference computation
methods described above can each be selected and adopted
as a method common to the image-processing apparatus
according to the first embodiment as well as image-
processing apparatus according to second, third, fourth
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characteristic-quantity computation method whereas the SAD, SSD or
normalization method can be adopted as a characteristic-quantity
difference computation method. 3: Second Embodiment Fig. 11 is a block
diagram showing an image- processing apparatus according to the
second embodiment of the present invention. The image-processing
apparatus according to the second embodiment is based on the

sonfiguration shewa ir&ig: 4B i ipto be petedthat seetions cORUMON O +
the first embodiment explained earlier by referring to Fig. 2 are not
explairedragain inthe ddllowisg desedptionioorderite awwidduplications am
of explanations. The second embodiment is different from the first
repiiyodimenhim that dutireccasmeflthe isecord kmbodiments: thénultaneous
background characteristic-quantity holding section 202 employed in the
FiFStemisodifment heblacedwitteah caverage-valuedwmidiag sastien 1102.
The average-value holding section 1102 is a unit for computing the
R YAk drenaractendtc vAles BasH eompateeasy teereas the
characteristic-quantity computation section 114 for an 46 image portion

Hnd hotdiRg e BoMPatedEaverafe VR TR diffeferR@BUnTsUA o

section 116 computes differences befween the averag% vgl,ue held b tge
Average-valus hofding section 1702 aRd ShafactenSe tatLon method.

3: Second Embodiment

Fig. 11 is a bleock diagram showing an image-
processing apparatus according to the second embodiment
of the present invention. The image-processing apparatus
according to the second embodiment is based on the
configuration shown in Fig. 1B. It is to be noted that
sections common to the first embodiment explained earlier
by referring to Fig. 2 are not explained again in the
following description in order to avoid duplications of
explanations.

The second embodiment is different from the first
embodiment in that, in the case of the second embodiment,
the background characteristic-guantity holding section
202 employed in the first embodiment is replaced with an
average-value holding section 1102. The average-value
holding section 1102 is a unit for computing the average
value of characteristic values each computed by the
characteristic-quantity computation section 114 for an
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values each computed by the characteristic-quantity computation section
114 as the characteristic quantity of an image portion. If a difference
computed by the difference computation section 116 for an image portion
indicates that the image portion is a portion of an unidentified object, an
alarm is output. Figs. 12A, 12B and 12C are diagrams roughly showing
an input image obtained as a result of operations carried out by the

image-pracessing apparatisideeprding te thesseeenc embogiments 1o be
more specific, Fig. 12A shows an image 1201 including a sea 1202 and a
ship 120% servnd s = anidentified ebject: Figedi2Brshavigacomputes
average-value holding section 1102 for holding a value computed thereby
ashhe avBrRfe VEbe ssfithabactenstiequiarniities S(DetbS(28) eaeh found
by the characteristic-quantity computation section 114 as the
EHErRES TSI gtantif L6 ek 6Eiffage poritiis shews i Fg MG, STt is
to say, Fig. 12B shows an average value obtained by dividing the sum of
Yie" Fharadehsiograttids (1 HEs @53 bf Hré humber of 47nt ity
géclg[{eu eantipngd chgg“acé%risltiﬁ 4qu§nti%__i%s S(l) to S%ZS ._In this case, the :
RUMber of aforementioned charatteristic quEHtties S( 16 s{25118 26 Y ©
ggsg%ﬁééagg%%ég%QHﬂygngegggggﬁggge computed by the
difference computation section 116 for an image portion
indicates that the image portion is a portion of an
unidentified cbiect, an alarm is output.

Figs. 1ZA, 12B and 12C are diagrams roughly showing
an input image obtained as a result of operations carried
out by the image-processing apparatus according to the
second embodiment.

To be more specific, Fig. 12A shows an image 1201
including a sea 1202 and a ship 1204 serving as an
unidentified obkject.

Fig. 12B shows a average-value holding section 1102
for helding a value computed thereby as the average value
of characteristic guantities S(1) to $({25) =sach found by
the characteristic-quantity computation section 114 as
the characteristic quantity of one of image portions
shown in Fig. 12C. That is to say, Fig. 12B shows an
average value obtained by dividing the sum of the

characteristic guantities S({1) to S(25) by the number of
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section 116 computes differences between the average value B held by
the average-value holding section 1102 and characteristic values each
computed by the characteristic-quantity computation section 114 as the
characteristic quantity of an image portion. The difference computation
section 116 computes the differences sequentially one difference after
another. To put it concretely, the difference computation section 116
séquentiallyicomputebathedifference betyveen-theiaverage value Band ) .
the characteristic quantity S(1); then, the difference between the average
ValuenB aindathe ; chdracteristie guardtity St2)easchsd oneBinaly,theteristic
difference computation section 116 computes: the difference between the
AeFage-idite Bland fie Tharaktdrstié quantity S(25). Figs. 13 and 14
show a flowchart representing operations carried out by the ‘
image-proteSSing apparatdd St ordiig & thelSecenaenitsohneht THe

flowghart begins with a step §€C Q1 at which 48 execution of the actual
Bperatihs'is Staital Then, &t the nEXtSt&p BT502 Hh inbht SRR is

FLORE S HERMICTINE IS IGUINLIREIONST4: RyPseanly PLYS
and characteristic values sach computed by the
characteristic~guantity computation section 114 as the
characteristic gquantity of an image portion. The
difference computation section 116 computes the
differences seguentially one difference after another. To
put it concretely, the difference computation section 116
sequentially computes:

the difference between the average value B and the
characteristic guantity S(1)}; then,

the difference between the average value B and the
characteristic guantity S(2} and so on.

Finally, the difference computation section 116
computes:

the difference between the average value B and the
characteristic guantity S(25}).

Figs. 13 and 14 show a flowchart representing
operations carried out by the image-processing apparatus
according to the second embodiment.

The flowchart begins with a step S81301 at which
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characteristic-quantity computation section 114 computes the
characteristic quantity of each of image portions generated by the image
division section 113 as a result of dividing the input still image. Then, at
the step S1304, the average value B is computed. Subsequently, at steps
following the step S1304, the difference between the characteristic
quantity of each of the image portions and the average value B is
cemputed asdallavys: Hrst akall, @b arsiep $1305:a yadabled is initiatized -
to 1. The variable i is a variable used for identifying an image portion
seavingas antalpjiectlid e processing tescamputenthe elifierence betiveen
the characteristic quantities and the average value. Then, at the next step
g1806Athecdifferencembetvdenithierayessgetvatoe Bland the characteristic
guantity of an image portion (i) is computed. Subsequently, at the next
step S1307L T dfference éompitedifithe provess takried élitat the
step S1304 is compared with a stored threshold value 49 determined in

SATAAEE FFdrdfet to Britute B reSTtDr detdMinS66T 48%0 whetHe & ot S
the difference is at least equal to the threshol%;lge., If the determination

TOGUIE AR ot thes dFEFERcB 1§ aP loaSTEdual to LF1age POTticns

generated by the image division section 113 as a result
of dividing the input still image.

Then, at the step S1304, the averags value B is
computed.

Subsequently, at steps following the step 51304,
the difference between the characteristic guantity of
each of the image portions and the average value B is
computed as follows:

First of all, at a step 81305, a variable 1 is
initieglized tc 1. The wvariable i is a variable used for
identifying an image portion serving as an object in the
processing to compute the difference between the
characteristic quantities and the average value.

Then, at the next step 51306, the difference
between the average value B and the characteristic
guantity of an image portion (i) is computed.

Subseguently, at the next step $1307, the
difference computed in the proccess carried out at the
step 51304 is comparad with & stored threshold value
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the threshold value, the flow goes on to a step S1308 at which a flag
variable f (i) is set at 1. There are provided as many flag variables f (i) as
image portions (i) That is to say, a flag variable f (i) is provided r_ for
each of the image portions (i). It is to be noted that, if the determination
result produced in the process carried out at the step 51307 indicates that
the difference is smaller than the threshold value, on the other hand, the
dlagariahled (iyis sasetriod innortensa ingdicate thaidhe image porions(i)
is an image portion of a background. At the next step 51409, the variable
destexamimed iwhether or not thenvariate nistat téast egiaktosace is at
image-portion-count maximum value. If the determination result indicates
tisdtthe varabletids shmallentrasithé dimegesgortiohzcoure neadimominat ion
value, the flow goes on to a step 51410 at which the variable i is
Tetermentetlbyra t Then #ie 1OW gbes batR i theistep 51BOBSH tigeiual to
determination result indicates that the variable i is at least equal to the
f&gépoRitHESuNtmasimun Yakue? Bn S8 DtREr fréhd: tiié Fésuft'of thie 2©

eter inatligo is 50 inter% ete%a?f,S determination result ir}gicatin that all

n

‘f’hell%agae §ﬁf5nga(5%% be ed'as &ﬁ&ctgtm ilh'e E CéSses Carried

89%@?@5&“%%5%399a@?égevariables f (i) as image portions

{i}. That is to say, a flag variable £ (i) is provided
for each of the image portions (i). It is to be noted
that, 1f the determination result produced in the process
carried out at the step 81307 indicates that the
difference i1g smaller than the threshold value, on the
other hand, the fiag variable £ (i) is reset to (¢ in
order to indicate that the image portion (i} i1s an image
portion of a background.

At the next step 51409, the variable 1 is examined
whether or not the variable 1 1s at least egual to an
image-portion-count maximum value. If the determination
result indicates that the wvariable i is smaller than the
image-portion~-count maximum value, the flow goes on to a
step S1410 at which the variable 1 is incremented by 1.
Then, the fliow goes back to tThe step S1306. If the
determination result indicates that the variable 1 is at
least equal to the image-portion-count maximum value, on

the cther hand, the result of the determination is
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subsequent steps. In this case, the flow goes on to a step 51411 at which

all the flag variables f (i) are examined in order to produce a result of
determination as to whether or not there is a flag variable f (i) set at 1. If -
the determination result indicates that there is no flag variable f (i) set at

1, the result of the determination is interpreted as a determination result
indicating that all the image portions (i) are image portions of the
baekgrounds ar aglelerrinatian restitomdicating thattheresis Ny that all

unidentified object. In this case, the flow goes on to the last step S1413 at
wikchi rtley executioivofthd Dperationsisepresented kysthis flowchatts the
ended. If the determination result indicates that there is a flag variable f (i)
BeraeE 1he resuiroftheodétermintdtion 3¢ iterpictéd azraddéteemination
result indicating that the image portion (i) set at 1 is not an image portion
DB PERGIuNdL BEEan imagepotticiréfan Unidentified Dbfect ok ato a
determir}atiqon result indicating_ that an qnidentified object exists on the
fh&ge poftioh ¥ 'I“‘f%ﬂt‘?@t&%a]y,W{ﬁe%x?ﬁeﬁ’c%rd!aé#ﬁﬁidéntfﬁ‘e}d dbfect
is recpg'giﬁed, the flow goes on to a step S1412 at 51 which an alarm is
BUBl FiRaly’ at 106 fast SpSTHE the Bx8EutiorPSf the YpeFatighst o 23
{%Drve\r%eergggrbyc;[glsnggwgll}aer}rles %nsdee(lj' flag wariable £ (i} set at 1.

If the determination result indicates that there is
no flag variable £ (i} set at 1, the result of the
cetermination 1s interpreted as a determination result
indicating that all the image portions (i) are image
poertions of the backgrounds or a determination result
indicating that there is no unidentified object. In this
case, the flow goes on to the last step $1413 at which
the execution of the operations represented by this
flowchart is ended.

If the determination result indicates that there is
a flag variable £ (i) set at 1, the result of the
determinaticn is interpreted as a determination result
indicating that the image portion (i) set at 1 is not an
image portion of a background, but an image portion of an
unidentified object or a determination result indicating
that an unidentified cbject exists on the image portion
(i1). That is to say, 1f the existence of an unidentifisd

object is recognized, the flow goes on to a step S1412 at
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The description given above is summarized as follows. The core
component of the image-processing apparatus 1101 according to the
embodiment is a microcomputer operating by execution of software.
When an input still image is supplied to the image- processing apparatus
1101, the image is stored in the image holding section 112, which is
actually the RAM 105. The image division section 113 divides the input

shll dmage intoimagespastiens:bavingithe same size epd the Same op s1413,
shape. The characteristic-quantity computation section 114 computes a
tharaeteristiciquantity foneacheafihe image gprionsnThenan avarage

value of the characteristic quantities of all the image portions is
tompeited and hetehinctie average-value holding section 1102, which

includes the RAM 105. The difference between the characteristic quantity
computed 56r EcCoTithe Lipfagel péiiond aré the averanenvahsisihen

found and compared with a threshold value determined in advance. An
ﬁﬁéé@‘ﬁ%rtion with a difference found smaller than the threshold value is
determined to be an image portion of the background. In this case, a flag

provided T6Fthe B imag@ortioh deterniified BPBE aRTMaGE Horfon of
the bacjéagrsouPPOiﬁ reset to .Thuisy,obyt%arryei%%ggi_;L gleen%rocessing

aRRE LS according e is a
microcomputer operating by execution of software.

When an input still image is supplied to the image-
processing apparatus 1101, the image is stored in the
image holding section 112, which is actually the RAM 105.
The image division section 113 divides the input still
image into image portions having the same size and the
same shape. The characteristic-quantity computation
section 114 computes a characteristic guantity for each
of the image porticons. Then, an average value of the
characteristic guantities of all the image portions is
computed and held in the average-value holding section
1102, which includes the RAM 105. The difference between
the characteristic guantity computed for each of the
image peorticns and the average value is then found and
compared with a threshold value determined in advance. An
image portion with a difference found smaller than the
threshcld value 1s determined to be an image portion of

the background. In this case, a flag provided for the
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above, it is possible to produce a result of determination as to whether an
image portion is an image portion of a background of an image portion or
an unidentified object. As is obvious from the above description, the
processing described above includes a process to compute the
characteristic quantity for each of the image portions obtained as a result
of dividing the input still image and a process to compute the difference
helween the: charagieristie guantitycoppuied fanegach-ekthedmage the
portions and the average value. 4: Third Embodiment Figs. 15A and 15B
e bipckodidgrasmsstavwing @nd image-processing apparatus 1501
according to the third embodiment of the present invention. The
image-protessing vapparatusraccovding e therthird exibadiestisiassd
on the configuration shown in Fig. 1B. It is to be noted that sections
Tomitfon 16 theSsacdnddmBodifnet espated Basiet by ¥éferring to Fig.
11 are not explained again in the following description in order to avoid
%%’bﬁé&’ﬁd‘r%%‘%&p%a%@né’.bﬁ#@ﬂﬁrdaé}n%&ﬁ%n?%&iﬁéfén% frofithenade

second em%ﬁdiment in that, in the case of the third embodiment, 53 the
Rftitc effbotimentaipidys A RO 1882, Frifkfade2gontidh Cdurit”

comparison section 1504 and,a olustering, progess, seetion 1903 provided
etween the characteristic-quantity

description, the processing described above includes a
process to compuie the characteristic guantity for each
of the image portions cbtained as a result of dividing
the input still image and a process to compuie the
difference between the characteristic gquantity computed
for each of the image portions and the average value.

4: Third Embodiment

Figs. 15%A and 15B are block diagrams showing an
image-processing apparatus 1501 according to the third
empodiment of the present invention. The image-processing
apparatus according to the third embodiment is based on
the configuration shown in Fig. 1B. It i1s to be noted
that sections common to the second embodiment explained
earlier by referring to Fig. 11 are not explained again -
in the fellowing description in order to avoid
duplications of explanations.

The third embodiment is different from the second

embodiment in that, in the case ©of tThe third embodiment,
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computation section 114 and the comparison section 1504. The clustering
process section 1503 is a unit for computing a difference between any

two characteristic quantities generated by the characteristic-quantity
computation section 114 as characteristic quantities each found for an
image portion in the entire input image and for putting image portions
separated from each other by small differences in characteristic quantity
iha siniilas-irsage @roup T isis becausemmy tweimagenParions ~port ion
separated from each other by a small difference in characteristic quantity

@renégarded asimagegzortions: having simiasimagest #heérprocessoefs s
putting image portions separated from each other by small differences in
LhardcaristicCquantinyince sintiklvimage gioupisa rdeired o iserquant ity
clustering process. Thus, the clustering process is a process to classify
GHHEGE PoricHs iRt Sirfifarlirfag® §rotips. THEEEHp&GSorsssttivp 502404 -
compares the number of image portions put into the individual ‘
similar-image Groap TécenePRorthE cRrtdri prockss sécfor 153 for

with the an imagfi-%%rtion-cou t threshold value stored in advance in the

B‘i@lufs"dﬁ Ifthe resuit of fhe co‘?’rtrﬁ)”aer?s%nag}lyina?&%te Rt thetihaRidual
SIMIRITAe JouR Is 0oL ARATLALA PRGUISUIG e JuduigRt 1 ey

Imilar-image group IS determined to be a group existing Iman
computation section 114 as characteristic guantities each
found for an image portion in the entire input image and
for putting image portions separated from each other by
small differences in characteristic guantity in a
similar-image group. This is because any two image
pertions separated from each other by a small difference
in characteristic guantity are regarded as image portions
having similar images. The process of putting image
portions separated from each other by small differences
in characteristic quantity in a similar-image group is
referred to as a clustering process. Thus, the clustering
process 1s a process to classify image porticns into
gsimilar-image groups.

The comparison section 1504 compares the number of
image porticns put into the individual similar-image
group received from the clustering process section 1503
with the an image-portion-count threshold value stored in

advance in the ROM 1502. If the result o¢f the comparison
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unidentified object. In this case, an alarm is output. Fig. 15B is a block
diagram showing the internal configuration of the clustering process
section 1503 employed in the image-processing apparatus 501 shown in
Fig. 15A. A difference-computation-object setting section 1513 is a unit
for determining which characteristic quantities 1512 received from the
characteristic-quantity computation section 114 are to be subjected to a
iffereace somputationeprocess carkied aiihy s diffieranes gempptationnot
section 1514. The difference computation section 1514 is a unit for
opputingfa diffesencerbetaeentany tivodchatactefista muantitiestsalected
and determined by the difference- computation-object setting section
A51BrThe conijsarsbnaséction 2616 isyaeivit fercorhparing ra difference
computed by the difference computation section 1514 with the threshold
WARECTHES. TRE fE3UROF -thelCorfparfsotrifticates WREREr dEnoithedive
image portions_having the two characteristic quantities are to be joined to
each other fir a sitfildriinfagd gt6tip SHiE grolipitPProcess 8actidh- B3 175
go?lefctionggg .551_J'oinj_.n% WO inia e ortions to each other ir%a simélt%r-
imagé%?ouﬁ oF ea?/fng he two'imha lélﬁb(%tigﬁs%? ?Hseysaer(é Witho Jgi%ing
érr}i%mc'g?/eegcgnm@%relniar‘ngilcr;ne”gf)—rl:na% essing apparatus 501 shown in
Fig. 15A&.

A difference-computation-object setting section
1513 is a unit for determining which characteristic
guantities 1512 received from the characteristic-guantity
computation section 114 are to be subjected to a
difference computation process carried out by a
difference computation section 1514,

The difference computation section 1514 is a unit
for computing a difference between any two characteristic
quantities selected and determined by the difference-
computation-cbject setting section 1513.

The comparison section 1516 is a unit for comparing
a difference computed by the difference computation
section 1514 with the threshold wvalue 1515. The result of
the comparison indicates whether or not the two image
portions having the two characteristic gquantities are to
be joined to each other in a similar-image group.

The grouping process section 1517 is a section for
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group on the basis of the comparison result produced by the comparison
section 1516. By carrying out the series of processes described above,
image portions are classified into some similar- image groups. Then, for
each individual one of the similar-image groups, the comparison section
1504 compares the number of image portions put into the individual
similar-image group with a predetermined image-portion-count threshold
Valuei sigrediin acheaneerin the REOM:502: Jhedesult of thexcomparisop-
indicates whether or not the individual similar-image group is a part of a
baekgrovmduFigs: 164a ¥6Bg16C andwikb D aresdiagrams roughlys showingare
an input image obtained as a result of operations carried out by the
Wrnagelprodessing apparatus-according otorthe thind @mbbdinment: Theresis
an image 1601 including a sea and a ship serving as an unidentified
DHREE. The ERBtEHRSroeéss Section IS0 coiRpaies uéharpgtedistied by
uantities S(1) to S(25) output by the characteristic-quantity computation
THOTHR A Fs® CHarditeristie qﬁgﬁﬁties of all image portions with each 56

other in %rder to classify the image portigns into, similar-image groups as

follows. Fitst ot all; e diftSrence computation sedtipf-=55€3 described

above, 1mage portions are classified into some similar-
image groups. Then, for each individual one of the
similar-image groups, the comparison section 1504
compares the number of image porticns put into the
individual similar-image group with a predetermined
image-portion-count threshold value stored in advance in
the ROM 150Z2. The result of the comparison indicates
whether or not the individual similar-image group is a
part of a background.

Figs. 16A, 16B, 16C and 16D are diagrams roughly
showing an input image cbtained as a result of operations
carried out by the image-processing apparatus according
to the third embodiment.

There is an imége 1601 including a sea and a ship serving
as an unidentified object.

The clustering process section 1503 compares
characteristic guantities S{1) to $(25) output by the
characteristic-guantity computation section 114 as
characteristic guantities of all image portions with each
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1514 computes a difference between the characteristic quantity S(l) of the
left top image portion on the image 1601 shown in Fig. 16A and the
characteristic quantity S(2) of an image portion adjacent to the left top
image portion. Then, the comparison section 1516 compares the
difference computed by the difference computation section 1514 as the
difference between the two characteristic quantities with the difference
shresholthvalueistored in- aslyanee ircthe differeace dhreshald-value
holding section 1515 in order to produce a result of determination as to
svhetienrorimatdwodmage partorishdvimg the two characteristic quantities
are similar to each other. In the case of the image 1601 shown in Fig.
16A, the fwssimage périons havihgitlie tharetaristiowuantites S¢Ot and
S(2) are both a portion of the sea. Thus, the two image portions having
e Eharerstistic quaniifids sENcand S rake silmflacloreaditathesss C
that the difference between the two characteristic quantities is small.
FiRPérore] theé two frhadé potiors f&ing- B9 BhRikterfSic Yuahtiffes mage
gé%)lan SVgZ) are .nsidelr%% to hdavehthe same pattern so.that they can
8joinedt8 eath other in & sirmlisr-imagegroap. TS putit condBedly, the

$7dwomage narigns Baying e sharsctarste quaniies. SULand S(0),

are putin a simi e group sho eft fop cornér o 4K infia
ﬁ@?@@dﬂjﬁgT%@%;T@ﬁé comparison section 1516 compares the

difference computed by the difference computation section
1514 as the difference between the twoe characteristic
guantities with the difference threshold value stored in
advance in the difference threshold-value holding section
1515 in order to produce & result of‘determination as to
whether or not two image portions having the two
characteristic guantities are similar to sach other. In
the case of the image 1601 shown in Fig. 16A, the two
image portions having the characteristic gquantities S(1)
and S(2} are both a portion of the sea. Thus, the two
image portions having the characteristic guantities S({1)
and 5(2) are similar to each other so that the difference
between the two characteristic guantities is small.
Therefore, the two image portions having the
characteristic quantities S{1} and S5(2! are considered to
have the same pattern so that they can be joined to each
cther in a similar-image group. To put it concretely, the
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is to say, the process to put the two image portions having the
characteristic quantities S(1) and S(2) in a similar-image group is based
on a concept to eliminate the boundary between the two image portions
adjacent to each other. The process to compute the difference between
the characteristic quantities of two image portions adjacent to each other
and to compare the computed difference with the difference threshold

valueisiarpd ipdhe tifferenee ithreshald-value helding sectionlald st i e s
continued from the state shown in Fig. 16B. That is to say, other
Houhdares Betieenrimnggetpdrtions similal and adiapent i eacblother at
are eliminated to yield an image like one shown in Fig. 16C. Finally,

image pbricherhaving ehlrarattetistic rpatiies S(12)n ST13) .ankS(14)Tiret
left as shown in Fig. 16D. This is because the characteristic quantities
BY12)y Sta3) and: S (I)sehchdve Big diffdrendescirémabe aaradteristic
quantities of adjacent image portions. The image portions havin
ARSI GUEAHAES STL2): SS(L9) 87T SELO%E fecoghised a8 imade =

%orti,o s in which an unidentified object exists. 58 Fia. 17 shows a

oiehar TepieSentitg BBerations SCarriéd ofit by feitadelpfoct&ding -¢
aneeistiind2tt aneoidnd teale Y mEGIMSOE AR MRS, <o
each other,

The process to compute the difference between the
characteristic guantities of two image porticns adjacent
to each other and to compare the computed difference with
the difference threshold value stored in the difference
thresheld-value holding section 1515 is continued from
the state sheown in Fig. 16B. That is to say, other
boundaries between image portions similar and adjacent to
each other are eliminated to yield an image like one
shown in Fig. 16C.

Finally, image portions having characteristic
guantities S(12), S{(13) and 5(14) are left as shown in
Fig. 16D. This is because the characteristic quantities
S{12), S(13) and 5(14) each have big differences from the
characteristic guantities of adjacent image porticns. The
image portiocons having characteristic guantities S(12),
S5{13) and S(14) are recognized as image portions in which
an unidentified cbiect exists.
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the flowchart begins with a step S1701. Then, at the next step 51702, an
input still image is stored in a RAM. Subsequently, at the next step S1703,
the characteristic-quantity computation section 114 computes a
characteristic quantity for each of image portions obtained as a result a
process carried out by the image division section 113 to divide the input
still image. Then, at the next stgﬁ 51704, a clustering process is carried

out on thetsis of R EhSiract S GAATitES BT RNTHE THdgEPBRos>"S

As a tesult of the clustering process, image. portions having s
Rt Yt pett Aay RTINS, SRR mdge orod.

Jbep. gt the next siep gﬂ% far eachsimilar- image group, the number; guse,

of image portions included in the similar-image group is compared with a

#Mage-portions count rgsheld value held in the-ROM 1502.in orderdo. o+

produce a result of determination as to whether the similar-image group

exists inthebackaround.ar inthe areaghan upidenytied objeck, Ikthe.
comparison result indicates that the number of image portions included in
each similarimage group, isat least equaldo themage 59 portien-count
threshold value held in the ROM 1502, the entire input still image is
detefmined tosbe atrackgtaund. {fdhe comparisors eesulttinditatescthapthes s
number

a characteristic quantity for each of image portions
obtained as a result a process carried out. by the image
division section 113 to divide the input still image.

Then, at the next step 51704, a clustering process
is carried out on the basis ¢of the characteristic
guantities of all the image portions. As a result of the
clustering process, image portions having small
differences in characteristic guantity are put in a
similer~image group.

Then, at the next step 31705, for =zach similar-
image group, the number of image portions included in the
similar-image group is compared with an image-portion-
count threshold value held in the ROM 1502 in order to
produce a result ¢f determination as to whether the
similar-image group exists in the background or in the
area of an unidentified cobject. If the comparison result
indicates that the number of image portions included in

each similar-image group 1s at least equal to the image-
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of image portions included in any specific similar-image group is smaller
than the image-portion-count threshold value held in the ROM 1502, on
the other hand, the specific similar-image group is determined to be a
group in an unidentified object existing in the input still image. If a
specific similar-image group is determined to be a group in an
unidentified obﬁjﬁct xisting in the input still jmage, an alarm is output at a

Urdp 52706 Fitally atthe 9ast stép BE70F xetliion'f the operations

deRepentad i s fayehagLipended T, deserblon ONeR BDAELS  round.
summarized as follows. € core component o1 the Image-processing

apparatuse15Q7.aceqrding ta the embodimant is a_microcomputgr,. pumber

operating by execution of software. When an input still image is supp

de the.imagesregessing apparats 1501, the image is;stotedinthe i o ge
image holding section 112, which is actually the RAM 105. The image

ghvisipn sectien 113 divides: thenaputstile inage: e, innage, PORIOAS sho 1 d
having the same size and the same shape. The characteristic-quantity
wonputakdn! sectiond12@onifuies achatacteristicsiantityfor eaeh 60 of
the image portions in the entire input image. The clustering process
seetidd 1503 tomputes adifferenceirbetwees any o eharactéristic group
guantities generated by

in an unidentified object existing in the input still
image.

If a specific similar—-image group is determined to
be a group in an unidentified object existing in the
input still image, an alarm is output at a step 51706.
Finally, at the last step S$1707, execution of the
operations represented by this flowchart is ended.

The description given above is summarized as
follows. The core component of the image-processing
apparatus 1501 according to the embodiment is a
microcomputer operating by execution of software.

When an input still image is supplied to the image-

rocessing apparatus 1501, the image is stored in the
image holding section 112, which is actually the RAM 105.
The image division section 113 divides the input still
image into image portions having the same size and the
same shape. The characteristic-quantity computation

section 114 computes & characteristic quantity for each
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the characteristic-quantity computation section 114 as characteristic
guantities each found for an image portion and puts image portions
separated from each other by small differences in characteristic quantity
in a similar-image group. This is because image portions separated from
each other by small differences in characteristic quantity are regarded as
image portions having similar images. The process of putting image
Yortidits sEF&ate o Eathidther By Smah Bfffek8icEs i @Haractaristic
uantity in a similar-image group is referred to as a clustering process.

"t BlstTinG SHrocess is & proceds t8%i%%§ﬁ;?ﬁn§géib%ﬁ%ﬁ§%%
similar-image groups. Then, for each individual one of the similar-imag
OB i s o HRRGS PoRe T CI ST T e SR T BGE et

0 it image- lon- c threshold value held in.t
R TB0S P ortar o, ol oo YA o S ihdthor 15
é@l@yQ&@g%ﬂg'@a-&nq&%a&%%@stémhefta@%@r%&d A1 10 1 @r%%(%f‘-’ ion
an unidentified object. If the result of the comparison indicates that the
dumberof imagg <prtions dciudad inthe individual simiar-israge-group
61 is at least equal to the image-portion-count threshold value held in the
FAM11502¢ the-individual sintarrimnager geotpds determined imba a group
existing in a
similar-image group. This is bescause image portions

separated from each other by small differences in
characteristic quantity are regarded as image portions
having similar images. The process of putting image
portions separated from each other by small differences
in characteristic gquantity in a similar-image group is
referred to as a clustering process. Thus, the clustering
process is a process to classify image portions into
similar-image groups.

Then, for each individual one of the similar-image
groups, the number of image portions included in the
similar-image group is compared with an image-portion-
count threshold value held in the RAM 1502 in order to
produce a result of determination as to whether the
individual similar-image group exists in the background
or in the area of an unidentified object. If the result
cf the comparison indicates that the number of image
portions included in the individual similar-image group
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background. In this case, flags each provided for an image portion

included in the individual similar-image group are set. Thus, by carrying
out the processing described above, it is possible to produce a result of
determination as to whether an image portion is an image portion of the
background of an image portion or an unidentified object. As is obvious
from the above description, the processing described above includes a

process fe compute the charagteristic guanfity fargach., of the-image, 1 o

portions obtained as a result of dividing the input still image and
camparisen gracessas. FArurtvBmbedinentdigs. 484, 188:and:18€nage
are image diagrams and an overall block diagram, which roughly show an
inputimage dettainedrasda tesult=ofopgrationseatried agt hythe
image-processing apparatus according 1811 to the fourth embodiment of
trecpresentifivention @indthe émageLpgessing apparatusi2 81 .oFo be
more specific, Fig. 18A shows an input image 1801 including a sea 1802,
sl PBO3 ARd a'sHip 1964 Servingrasiartinidentfiedébjecefloatingaon
the sea 62 1802. The sea 1802 is a scenery, the picture of which has
BEeHKal@ETFin%E photographing operation carried out at a remote location.

The actual distance between the lower , ) ,
us, by carrying out the processing described

above, it 1s possible to produce a result of
determination as to whether an image portion is an image
poertion of the background of an image portion or an
unidentified object. As is cobvious from the zbove
description, the processing described above includes a
process to compute the characteristic quantity for each
of the image portions obtained as a result of dividing
the input still image and comparison processes.

5: Fourth Embodiment

Figs. 1BA, 18B and 18C are image diagrams and an
overall block diagram, which roughly show an input image
obtained as a result of operations carried ocut by the
image-processing apparatus according 1811 to the fourth
embodiment ¢f the present invention and the image-
processing apparatus 1811.

To be more specific, Fig. 18A shows an input image
1801 including a sea 1802, the sky 1803 and a ship 1804
serving as an unidentified object floating on the sea
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part of the sea 1802 and the vicinity of the sea horizon in the input image
1801 is long. Thus, a wave splash on the surface of the sea 1802 in front

of the viewer is seen as a big splash while a wave splash on the surface

of the sea 1802 at a location close to the sea horizon is seen as a small
splash. That is to say, the sea 1802 in the input image 1801 obtained as

a result of the photographing operation is not a uniform pattern. If the

effire inptttmage 1889 4s fdken &cam Object Gt evalbationdt will peich has
difficult to obtain an elaborate result. in order to solve this problem, the

QiR ihagE 1861 /& dNABEE FHERNPILAIRPEHSIZhtdt Fhagé pétiongt
each orieTted in the direction paralle| to the sea horizon. To put it

E5hcetely tha it imagy 180T 8 tivitet it fofFonta SthagB ot fsiss:

1895. 1400, 1807, 1605, 1809 and 1810.5 shown I Fig, 188, Then for
8aCH of the horizontal image portions, the characteristic-guantity

sompytation process and {he, comparison prog §fo which, haye ggﬁgsh on

explained béfore, are “carried out. Fig. 18C is a block diagram showing

theimage- £L3:-processing appanajs 1811 fordmplementing heeyer 1o
technological concept described above. The image- processing apparatus
48%% isiall bubidgntigalaMth €11e a wave splash on the surface
of the sea 1802 at a location close to the sea horizon is
seen as a small splash. That is to say, the sea 1802 in
the input image 1801 obtained as a result of the
photegraphing operation is not a uniform pattern.

If the entire input image 1801 is taken as an
object of evaluation, it will be difficult to obtain an
elzaborate result.

In order to solve this problem, the input image
1801 is divided into a plurality of horizontal image
portions each oriented in the direction parallel to the
sea horizon. To put 1t ceoncretely, the input image 1801
is divided into herizontal image portions 1805, 1806,
1807, 1808, 1809 and 1810 as shown in Fig. 18B.

Then, for each of the horizontal image portions,
the characteristic-guantity computation process and the
comparison process, which have been explained before, are
carried out.

Fig. 18C 1is a block diagram showing the image-
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image-processing apparatus 101 shown in Fig. 1B. However, the
image-processing apparatus 1811 shown in Fig. 18C is different from the
image-processing apparatus 101 shown in Fig. 1B in that, in the case of
the image-processing apparatus 1811, the image division section 1813 is
divided into a horizontal image division section 1813a and a small image
division section 1813b. Main processing of the fourth embodiment is

Biplsfiented RPESRANG dut the protessiiey ot Tirat: &Seebfid or third

di t on_the horizontal image, portions 1805, 1806, 1807, 1808,
q%énﬁ%é%%t%qg%%%ﬁotga?ﬁ%ﬁ swaﬁﬂoo‘f%-hoﬁ%térﬂﬁﬁsge

Lonion.1a be producedy the horizontalimage diision section 1813as,
etermined at a'design time or a time prior to the actual operation o the

ﬂmggs:gwgg@mp%%%ﬁﬁé byoﬁonsﬁ?ndoe&&gg&aﬁe g off hetweenthe .

staté of the input image e processed ount of

qomputatien {o-be cawriad-outin the, pracessing. étﬂémsgigleg@%proyi@@ a5

configuration in which the fourth embodiment is tried if the result of
Processing carried autdn ageordanes with dhe first Bk secangd and thind,

embodiments is not good. The description given above is summarized as
fellaws;. 1B in that, in the case of the image-processing
apparatus 1811, the image division section 1813 is
divided into a horizontal image division section 1813a
and a small image division secticn 1813Db.

Main processing of the fourth embodiment is
implemented by carrying out the processing of the first,
second or third embodiment on the horizontal image
portions 1805, 1806, 1807, 1808, 1809 and 1810.

It 1s to be noted that the width of a horizontal
image porticn to be produced by the horizontal image
division section 1813a is determined at a design time or
a time prior to the actual operation of the image-
processing apparatus 1811 by considering a tradeoff
between the state of the input image 1801 to be processed
and the amount of computation to be carried out in the
processing.

It is possible to provide a configuration in which
the fourth embodiment is tried if the result of

processing carried ocut in accordance with the first,
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The core component of the image-processing apparatus 1811 according
to the embodiment is a microcomputer operating by execution of
software. When an input still image is supplied to the image- processing
apparatus 1811, the image is stored in the image holding section 112,
which is actually the RAM 105. Then, after the horizontal image division
section 1813a employed in the image division section 1813 divides the
et dmdge intod ploralityi nEhoérizohtalmedgey pottions oriented in the
direction parallel to the sea horizon, the small image division section
1813b al$dcerfpRyEdT HidingageeaivaRiisection SI81Rdivides eash of

;he horizontal image portions into small image portions having the same
S8t the same shape. Subsequently, on each of the horizontal input

portions,_the characteristic-quantity computation section 114 carries out

the charadteristitEquaitity 2Bfputdtion” BroceB§iAG WHere4s frie difference

computation tion 116 carries out the characteristic-quantity difference
OMpULNIOn fr S58s4nG T RER coach inBkidtar SKE BFIRG Hofizbntal inpu

&9@&%@3&5&@@1}“%%gafQ@wge@eég'é_eﬁgﬁtsamw@tigaf%g%é?
0 I e

whether or not any specific one of small image portions inclu In the

individuajherizoniakipput portiomas an gbiect okgyaluation IS ANMAgE: 4 ge -
portion of
processing apparatus 1811, the image 1s stored in the
image holding secticn 112, which is actually the RAM 105.
Then, after the horizontal image division section 1813a
employed in the image division section 1813 divides the
input still image into a plurality of horizontal mage
portions oriented in the direction parallel to the sea
horizon, the small image division section 1813b alsc
employed in the image division section 1813 divides each
of the horizontal image portions into small image
portions having the same size and the same shape.
Subsequently, on each of the horizontal input portions,
the characteristic-guantity computation section 114
carries out the characteristic-gquantity computation
processing whereas the difference computation section 116
carries out the characteristic-gquanitity difference
computation processing.

Then, each individuzal one of the horizontal input

portions is examined to produce a result of determination
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the background. If the result of the determination indicates that the
specific small image portion included in the individual horizontal input
portion as an object of evaluation is an image portion of the background,
a flag provided for the specific small image portion is reset to 0. By
carrying out the processing described above, it is possible to distinguish
an area of the background and an area of an unidentified object other
Ralt thé? BFSSE te baekgraiind fibftddchcothet AxfisBbvicusifferiihe
description given above, the processing includes a process to compute a
PHaraBAstd GUAItRS of BvérySimdge portiba and S process fo complite a
diff%rence between any 2 characteristic guantities. 6: Fifth Embodiment

BEE 16T 2 DIGHK (RgRr SHowb RabRY probeBint st R o0 OF

aceording Jo e fith embpiment of ine presentinventon An . o
Tmage-portion determination processing section 1902 emp oyect{ iy the

{RA0eA0ees5iAg apharaliis 1991 15 entisal il e MA0R:AI0CR8S 0
apparatus 101 shown in Fig. 1B. That is to say, theé image-portion 66

idetermaination prosessing-section 4992 hasthe same; fiinction as the fisst,
second, third or fourth embodiment. As an output of the image-portion
gdeterainatien on is an image portion of the background, a
flag provided for the specific small image portion is
reset to 0.

By carrying out the processing described above, it
is possible to distinguisﬁ an area of the background and
an area of an unidentified object other than the area of
the background from each other. 2As is obvious from the
description given above, the processing includes a
process to compute a characteristic guantity of every
image portion and a process to compute a difference
between any 2 characteristic guantities.

¢: Fifth Embodiment

Fig. 19 is a block diagram showing an image-
processing apparatus 1901 according to the fifth
embodiment of the present invention.

An image-portion determination processing secticn
1902 employed in the image-processing apparatus 1901 is
identical with the image-processing apparatus 101 shown

in Fig. 1B. That is to say, the image-portion
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processing section 1902, the difference computation section 116
generates a set of flags each provided for each individual one of image
portions, which are generated by the image division section 113 as a
result of dividing an input image, as a flag indicating
existence/non-existence of an unidentified object in the individual image

ortion. A timer 1903 is a unit for generating tri% ers at time intervals
BRTitRd Sn AAVERCE 58S Fridyers 8EcH UsedTor plitig the same
image:portion determination processing section 1902 in an operating

Liiate" KePinfage iobitidn figd hoffrigP&ection 1964 194 RAMT (e iy 04 iment -

storing g, plurality gltlﬂ%%setg Qc%put.tl?{athgwinéa e-portion determination
processing section 1802. Af unidertiied-object movemen

Jistapce/dyectian. computation segfion 1905 is g, unit for comparing the
dred i ih 5 €604 vt

flag sets store e image-portion flag holding section each

ther inordeptoproduce aresult of determination.as to whethesox netan

area thought to be an unidentified object is moving and, if such an area is

dnevingntheydirgction of the movement js.deteeted anghar ralama is output.
67 Figs. 20A and 20B are each an image diagram referred to in

gdeseriptien oba rabgh operation catriechous by the imagespeacessingsult
apparatus 1901 according to .

of dividing an input image, as a flag indicating
exlstence/non-existence of an unidentified object in the
individual image portion.

A timer 1903 is a unit for generating triggers at
time intervals determined in advance as triggers each
used for putting the image-portion determination
procegsing section 1902 in an operating state.

An image-portion flag holding section 1904 is a RAM
used for storing a plurality of flag sets output by the
image-portion determination processing section 13902Z.

An unidentified-object movement distance/direction
computation section 1905 is a2 unit for comparing the flag
sets stored in the image-portion flag holding section
1904 with each other in order to produce & result of
determination as to whether or not an area thought to be
an unidentified object 1s moving and, if such an area is
moving, the direction of the movement is detected and an

alarm is ocutput.
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the fifth embodiment. To be more specific, Figs. 20A and 20B each show
the image of an entire flag set. As described above, as an output of the
image- portion determination processing section 1902, the difference
computation section 116 generates a set of flags each provided for each
individual one of image portions, which are generated by the image
division section 113 as a result of dividing an input image, as a flag
indicating“eXfstefCtinGimexistencer6f f7 thidentifisd objedt rttham
individual image portion. A value of O set in a flag of the flag set in Fig.

oK TRGiRates that e SmatR potfior Assockated WitttREdatCTs étan: ed

d%ngggforgon determined as a portion of an unidentified obg:ect. That is to

Say, avalus of 0886 A%fag oHAE IRFRRFATG. 20R ndic&iBs Hatdné©
j - i jated with the flag i ' porti t i
JI2 gglp’cotr O;éﬁ)%é%: QHAEL W 'I‘oe b%g Ilnso%%:(rjnsea#ﬁﬂ: Jp dP { é?gcg?s%mlrbe&a%nd

a portion o ground. In general, an edo oving.

it s dg say.g stilunidentified pbiect probably dogs nat exist. For this

reason, the image-portion détermination processing séction 1902 is put in

an operaiingslate.atnlime nionals determingd in advance god.f S
output 68 by the image-portion determination processing section 1902 at

pbe tntefvals aeragmpareshwith- eaeh othey inQrdesto produce arresult of
determination as to whether

difference computation section 11€¢ generates a set of
fiags each provided for each individual one of image
portiocns, which are generated by the image division
section 113 as a result of dividing an input image, as a
flag indicating existence/non-existence of an
unidentified object in the individual image portion. A
value of 0 set in a flag of the flag set in Fig. 202
indicates that the image portion associated with the flag
is not an image portion determined as a portion of an
unidentified object. That is to say, a value of 0 set in
a flag of the flag set in Fig. 20A indicates that the
image portion associated with the flag is an image
portion determined as a portion of a background.

In generzl, an unidentified object is moving. That
is to say, a still unidentified object probably does not
exist. For this reason, the image-portion determination
processing section 1902 is put in an operating state at

time intervals determined in advance and flag sets output
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or not an area thought to be an unidentified object is moving. As is
obvious from Fig. 20, an area thought to be an unidentified object is
moving with the lapse of time. That is to say, instead of comparing a
specific raw still image with another still raw still image separated away
from the specific raw still image by a time interval in accordance with an
existing technology, flag sets are compared with each other as sets of
Flags eachey or yesaticntéshasis dhrehnolopiesgrovited bysheion
embodiments. By producing a result of determination as to whether or not
Bilifaye potfior BREAE BasisioretecPiBRERS provideddsithether in
empodiments described earlier is a portion of a background, it is possible

16 “void fhodFraEt fetodnition-taused by bV Hatkgratd: Tt &re
movement of an unidentified object can be detected with a very high
O T 2a .u%o ehg_ bdo tb@ %EET g::n%%d%ﬁgtzfs

dreg?éje of Ereacfélon in cgl%parison withthe Bkis e

2hows a flowcharg r%@f&f%ﬂ@n%ge%eﬁigg cayried out by the 5o be

iImage-processing apparatus 1901 according td the Tifth emboﬁf?ﬁjgn TA

showniin the figure, the flawehart begins with a 69 step SEI\%QAJB%” e

the next step 52102, an input still image is stored in a RAM.
Subsequently, the flow gogs, on 18:a-stePs3210318 Producea et of - roy

determination as

still image with another still raw still image separated
away from the specific raw still image by a time interval
in accordance with an existing technoclogy, flag sets are
compared with each other as sets of flags each set or
reset on the basis of technclogies provided by the
emhodiments.

By producing a result of determination as to
whether c¢r not an image portion on the basis of
technologies provided by the embodiments described
earlier is a portion of a background, it is possible to
avoid incorrect recognition caused by a moving background.
Thus, a movement of an unidentified obiect can be
detected with a very high degree of precision in
comparison with the existing technology.

Fig. 21 shows a flowchart representing processing
carried out by the image-processing apparatus 1901
according to the fifth embodiment.

Ag shown in the figure, the flowchart begins with a
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to whether each image portion is a portion of a background or a portion of

an unidentified object in the same way as the first, second, third and

fourth embodiments. To put it in detail, first of all, the image division

section 113 divides an input still image into a plurality of image portions.
Then, the characteristic- quantity computation section 114 computes a
characteristic quantity for each of the image portions. Subsequently, the
gliffarefidd edmputhtion sedtionel 62 eompitasra diffebéncebetivemmteachi 11
of the characteristic quantities with a predetermined value stored in the
PrédsterfiineoVatte hdlding Settions 155 iNait tdch Wifferehee goes on
computed for an image portion is compared with a threshold value
dRténiie® i advahcein dTaEMGe pfodtiRe drestit of BefFinkibh s oS

whether the image. portion is a portjon of a background or a portion of an

E%id’qe%%ﬁgg ObjEET "THEH % the ﬁé)%tols?epL g2fok, O£§é08f ﬁ%tgsaegch
O M HafingZection To04- e S e AT 108! Ehe

e~ Image-portion ng sec

Suihsequentys ai e pextslep 52108 fataiplorgd LA ne RAM 105 is
examined in order to produce a result of determination as to whether or
aeban imeediately preceding setofflags:has heensstorgd injthe images . e
division section 113 divides an input still image into a
plurality of image portions. Then, the characteristic-
quantity computatiocn section 114 computes a
characteristic guantity for each of the image portions.
Subseguently, the difference computation section 116
computes a difference between each of the characteristic
guantities with a predetermined value stored in the
predetermined-value holding section 115. Finally, each
difference computed for an image portion is compared with
a threshold value determined in advance in order to
produce a result of determination as to whether the image
portion is a portion of a background or a portion of an
unidentified object. Then, at the next step S$2104, z set
of flags each representing the result of the
determination for an image portion is stored in the
image-portion flag holding section 1904, which is the RAM
105.

Subsequently, at the next step S$2105, data stored
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portion flag holding section 1904. If the determination result indicates that
no immediately preceding set of flags has been stored in the
image-portion flag holding section 1904, the result of the determination is
interpreted as a determination result indicating that that the processes
carried out at the steps 52102, 52103, S2104 and 52105 described so far
is processes of the first iteration loop of the processing represented by
hissivErHat. 1A this Sas& aaticrale ldpsesianinie iRterdaldetérninsd by
a trigger signal generated by the timer 1903, the processes carried out at
YheSrefTB2162, 185168 SR 0N SHdSF1 05 afeYepated A thé Siep

S2102, at which angther input still image is acquired from the image

RARing Catiera 102 It thetiétermifatir festit Hicated thatantmage-

immediately preceding. set of flags hasﬁ] n stor fi the jmage- 1ortion
pf?a%tﬁ"&aingégegc&)ﬁil 12L?Tors] ?I%:ég other 8<318r14d; th(:aF Iogvhgf té%o%ce‘s%%%mn

Jepresented; by this flawchart goes on to g step S2106 at.which the flag

set stored in the image-portion flag holding section 1904 in the process

rearred put abthe step $2104 is compared; with the immediately preeeding

set of flags in order to 71 find the difference between the flag set stored in
dbetimage-podiondiag halding-sestion 4804 inthepregess, catried out at

the step 52104 and the immediately

interpreted as a determination result indicating that
that the processes carried out at the steps 32102, 52103,
52104 and 52105 described so far is processes of the
first iteration loop of the processing represented by
this flowchart. In this case, after the lapse of a time
interval determined by a trigger signal generated by the
timer 1903, the processes carried out at the steps 52102,
52103, 852104 and 52105 are repeated from the step $2102
at which another input still image is acguired from the
image taking camera 102.

If the determination result indicates that an
immediately preceding set of flags has been stored in the
image-portion flag holding section 1904, on the other
hand, the flow of the processing represented by this
flowchart goes on to a step S2106 at which the flag set
stored in the image-portion flag holding section 1504 in
the process carried out at the step 32104 is compared

with the immediately preceding set of flags in order to
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preceding set of flags. Then, the flow of the processing represented by
this flowchart goes on to a step S2107 to produce a result of
determination as to whether or not an unidentified object exists by
determining whether or not the difference found in the process carried out
at the step S2106 is at least equal to a value determined in advance. If
the determination result produced in the process carried out at the step
SPh7idited fHaR RRSUREEHERSY dBjEctiekists IRk flowrsRfeln the
processing represented by this flowchart goes on to a step S2108 at

WHigR 2RCHarm s dutpdt. e d@ErphaT gRen abobe i$ stifimdtizedssss

follows. The core_component of image-processing apparatus 1901
“Secording T8 the'&m r%ﬁin%etr?ﬁs gﬁn@‘ﬁ:@&%pﬁ&? ob%%% gByexecution

f sofware. With aoy”%&%gst.emm%% by g frigger signal %%gfgtfgggs@ﬁng

timer 1903; the image-portion determination processing sectio

Slpresaninpyt still image supplied 19-the, imaggsprocessing.apparatus, .,
1901 in the imagé holding section 112, which is actually the RAM 105.

pkhen adtes the dmage glivisien seqtion 1813 dividestheinputstill jmage: 4n
into a plurality of image portions having the same 72 size and the same

shapen therfcharaetefistie-quantity scamputatien seetion1 34 cemputesthgo«
characteristic quantity of each of the horizontal image portions.

the difference found in the process carried out at the
step 52106 is at least egqual to a value determined in
advance. If the determination result produced in the
process carried out at the step S2107 indicates that an
unidentified object exists, the flow of the processing
represented by this flowchart goes on to a step S2108 at
which an alarm is output.

The description given above is summarized as
follows. The core component of the image-processing
apparatus 19C1 according to the embodiment is a
microcomputer operating by execution of software. With a
timing determined by a trigger signal generated by the
timer 1203, the image-portion determination processing
section 1902 stores an input still image supplied to the
image-processing apparatus 1901 in the image holding
section 112, which is actually the RAM 103. Then, after
the image division section 1813 divides the input still

image into a plurality of image portions having the same
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Subsequently, the difference computation section 116 computes the
difference between each of the characteristic quantities with a
predetermined value stored in the predetermined-value holding section
115. Finally, each difference computed for an image portion is compared
with a threshold value determined in advance. To put it concretely, an

image portion having a characteristic-quantity difference smaller than the
ShicshdltFvalle iSaBrMifdtfio BE 8 pohforPdteE bagkd ot i thisy
case, a flag provided for such an image portion is reset. A set of set or
GBI RS EAE RSSOVt for An STy 5oHioN Bs dR3EAREF AbGVE fs
stored.in the image- portion.flag,holding section, 1904 every time a trigger
R Sghals Co Chard Seds eHiay By ine a0+ & inteals

datermined in gdvange. Jhen, %@d%@&ﬁgﬁb&%@%@e% 116

distance/direction computation section 1905 compares flag sets stored at

dBgdntenvalsin the imagespodiogdlagholding sgetien 1994 with each

other in order to produce a result of determination as to whether or not a
JRaving usidentified (ekigetiexists opithe inpyt stilhimage.: ~:BY ¢arrying

out the processing described above, it is possible to distinguish an area

of arkatkgrounteofthedcipat stithimpgesdnt:ah ared atan sotdentified 5 .
object

Finally, each difference computed for an image portion is
compared with a threshold value determined in advance. To
put 1t concretely, an image portion having a
characteristic=quantity difference smaller than the
thresheld valuve i1s determined to ke a portion of a
background. In this case, a flag provided for such an
image porticn is reset.

A set of set or reset flags each provided for an
image portion as described above is stored in the image-
portion flag heclding section 1904 every time a trigger
pulse signal 1s generated seguentizlly by the timer 1903
at intervals determined in advance. Then, the
unidentified-object movement distance/direction
computation section 1905 compares flag sets stored at the
intervals in the image-portion flag holding section 1904
with each other in order tc produce a result of
determination as to whether or not a moving unidentified

object exists on the input still image.

73



other than the area of the background from each other and produce a

result of determination as to whether or not a moving unidentified object

exists on the input still image. As is obvious from the description given

above, the processing includes a process to compute a characteristic

guantity of every image portion and comparison processes. Typical

implementations described below can each be conceived as a substitute

for any oBtheCérabgdinterits tddderibed abeve (1) THe Tritidvemperie, 1t

replaced with a PLD (Programmable Logic Device). (2) In the first,

SBCHNF Third anBFolrth TemBBdifients! itiE Possible toadd dn extrisioh the
rocess to exclude a backgeround portion included in an irg}eé%}a asa

OHibn Easy'to miktakerfy fectiynzeS &t ufideRtiftét? bbject fdnPhes St

cessing to compute characteristic_guantities. (3) The features provided
D5 R HrefoGecE, ST, ot ST BB ot & e CReT and

implemented jn.qne @nage@é%%%%ﬁkﬂ?a%&po%ﬁat s @?.th&ﬁqg?a%’{a&v"ﬂ}!%%s a

computed in accordance with the 74 features of the first to fourt

ﬁ&m%ﬂsamt@fﬁ%ew{ Jags gach provided for animageportgn of
an input image are multiplied logically by each other or subjected

image. As is cobvious from the description given above,
the processing includes a process to compute a
characteristic guantity of every image portion and
comparison processes.

Typical implementations described below can each be
concelved as a substitute for any of the embodiments
described above.

(1) The microcomputer is replaced with a PLD
{(Programmable Logic Device).

{2} In the first, second, third and fourth
embodiments, 1t 1s possible to add an exclusion process
te exclude a background portion included in an image as a
portion easy to mistakenly recognize as an unidentified
cbject from the processing to compute characteristic
guantities.

(3) The features provided by the first, second,
third, fourth and fifth embodiments can all be
implemented in one image-processing apparatus. In this

case, flag values computed in accordance with the
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to an addition process to yield a resultant value to be compared with a
threshold value in order to produce a result of determination as to

whether or not an unidentified object exists in the input still image. Thus,
flag sets to be compared with each other in accordance with the feature

of the fifth embodiment are each a set of flags each having such a

resultant value. In the embodiments described above, it is possible to
fhsfingiesh an ubltenfified bbjeet fromithe HeRgrOURENBFad nputstivalues
image as an object different from the background. The technique adopted
9 tlgéﬁﬁcﬁ:e%éﬁi@ BECOTRRFIotRE etbodARAtsAS Tiffertentfforita +nPut

icommonlg known ,tech‘négj?e bas,et:l?tin the existing technology as a _ .

YBRRRqaE Tortompatiny the $rasE '%%g%%viﬁ?ﬁ?é ifHagRT intmeditel§ < ¢4
receding the present image. That is to.say, in the processing.accordin

15 (R o BHTH G Ry TS FrostatmuCs T abe s proated 6 o

cp{)fﬂg%{%%é [esuft of dejermination %%}fu‘@h‘ihﬁﬂ%%g‘%t an, ynidentified .
ob] i

ctexists in the input still image. Thus, the present invention is

Rastiqylary suitable for.fhe ; configuration efa mopitgring, systgm in which

the image taking camera is mounted on a slewing gear base in a 75 state

of llewingrthecamerade begotated imthenglockwise andi 11 image. Thus,
counterclockwise directions over a horizontal plane.

flag sets to be compared with each other in accordance
with the feature of the fifth embodiment are each a set

of flags each having such a resultant value.

In the embodiments described above, i1t is possible
to distinguish an unidentified object from the background
of an input still image as an object different from the
background. The technigue adopted in the processing
according to the embodiments is different from a commonly
known technigue based on the existing technology as a
technigue for comparing the present image with the image
immediately preceding the present image. That i1s to say,
in the processing according toe the embodiments, only the
present input still image is processed to produce a
result of determination as to whether or not an
unidentified object exists in the iInput still Image. Thus,
the present inventicn 1s particularly suitable for the
configuration of z monitoring system in which the image

taking camera is mounted on a slewing gear base in z
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In addition, in the embodiments described above, in order to produce a
result of determination as to whether or not an unidentified object exists in
an input still image, the image is divided into a plurality of image portions
having a predetermined size and a predetermined shape, and a
characteristic quantity is computed for each of the image portions. Then,
a difference between each of the characteristic quantities and a value
sfetefminedan ‘aienge 1§ Bofmpitett Thosbévercif a badkdiourdsuch as
a sea and the sky changes in accordance with natural phenomena, the

BRKGFdRI ARG QHXEB Charactensi quRtty tah DeTEesgAized in

hadvance alﬁwi%gran unidentified object having a characteristic quantity
éjlﬁélze%ﬁr% freiked characteristic quantity to be detected. As a result,

by combining g inage-processing agoaralys provided by the present_
Invention with an image taking camera, Itis possfble to prowde an

&xeellent, image-pracessing.anpargtus ¢apable.qf well recognizing a sea., .

and/or the sky as a background even if waves of the sea move as

splashesandiorclauds of the skyjmeve gs inatural phgpomepain s« 511
comparison with an image-processing 76 apparatus based on the existing

teehrglogy.e 7: GageeptLemmonte Qthes EmbodimaentsiRigs 224wapd

22B are typical image diagrams

portions having a predetermined size and a predetermined
shape, and a characteristic guantity is computed for each
cf the image portions. Then, a difference between each of
the characteristic guantities and a value determined in
advance 1is computed. Thus, even if a background such as a
sea and the sky changes in accordance with natural
phenomena, the background having a fixed characteristic
guantity can be recognized in advance, zallowing an
unidentified object having a characteristic quantity
different from the fixed characteristic quantity to be
detected.

As a result, by combining an image-processing
apparatus provided by the present invention with an image
taking camera, 1t is possible to provide an excellent
image-processing apparatus capable of well recognizing a
sea and/or the sky as a background even if waves of the
sea move as splashes and/or clouds of the sky move as

natural phenomena in comparison with an image-processing
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referred to in description of an outline of operations carried out by an
image-processing apparatus according to other embodiments to be
described later. To be more specific, Fig. 22A shows an input image 5101
including a sea 5102, the sky 5103 and a ship 5104 serving as an
unidentified object floating on the sea 5102. The sea 5102 is a scenery,
the picture of which has been taken in a photographing operation carried
oup ataremote decation. The astuad distancezhetweendhke lower part of
the sea 5102 and the vicinity of the sea horizon in the input image 5101 is
long. Thus, émavesplasShroncthe tsurfadesof thaised 516218 front of the
viewer is seen as a big splash while a wave splash on the surface of the
sea 5107 4€& tocafibn ETsse’tdithe Sea hariz6f Is S&ErDashH smafsplash.
That is to say, the sea 5102 in the inputimage 5101 obtained as a result
Bt {5 TR t0gtaphing Gheratintisthdt & ditfoRt phtfafn. Af tHeR&HRE Pt
ima 5&01 igt%(en as an object of evaluation, it will be difficult to obtain

S BIaEOrale roSult 1 oriEr5 SONE RIS praBICRR ARG TiptR iPAGE-6108 ©°
I3 dvided into.a plurality.of horizontal image, 7¢ portions gach griented in

a direction par§1 e? to ﬁ1e sea %OI’IZOI‘].LE'O put |’fconcretely, the Input

ipage 5101 iy divided jntg/iarizontal image pqions 5103,5106. 8107, 4
sea 5102, the sky 5103 and a ship 5104 serving as an
unidentified object floating on the sea 5102. The sea
5102 is a scenery, the picture of which has been taken in
a photographing operation carried out at a remote
location. The actual distance between the lower part of
the sea 5102 and the vicinity of the sea horizon in the
input image 5101 is leong. Thus, a wave splash on the
surface of the sea 5102 in front of the viewer is seen as
a big splash while & wave splash on the surface of the
sea 5102 at a location clecse to the sea horizon is seen
as a small splash. That is to say, the sea 5102 in the
input image 5101 obtained as a result of the
photographing operation is not a uniform pattern.

If the entire input image 5101 is taken as an
cbhiect of evaluation, it will be difficult to obtain an
elaborate result.

In order to solve this problem, the input image

5101 1is divided into a plurality of horizontal image
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5108, 5109 and 5110 as shown in Fig. 22B. Then, for each of the
horizontal image portions 5105, 5106, 5107, 5108, 5109 and 5110, the
characteristic-quantity computation process and the comparison process,
which have been explained before, are carried out. Figs. 23A and 23B
are each a block diagram showing an image-processing apparatus 5201
for implementing the technological concept described above. That is to

RAYEFIG 28 RD0EK URlyr&fs Hach showmfg-theentird 2onfigurhforr BE €@
the image-processing apparatus 5201 as cqnfigurations based on t ,

G gront SoRtApt Lon RO 16 6 EmboHmeRE o HoTbre dpmeifis
19..23AIS. logck diagram showing core compaonen har, e

{anp S%Sd ilr% #a&e%%%%%éﬁsg alpnﬁ)a atug %EBi C\)thserégg Efg. 92){\% Is glm !

Dlogk diagram facused;on fnclons,of the image- processing apparals, , .y,
5201. As shown in Fig. 23A, the image-processing apparatus 5201 is an

@pparatus foripredusing a.kesult,of [determination as tq whetherof not apg
unidentified object exists in an image received from an image taking

Tanwerans262 aod femeutputing a-binaky:signahindicating whethererinot
an unidentified object exists in an image 78 received from the image
paking camerd 5202. Thabistd ssay, theobinary, sighal-gervesras laastarm
output when the signal indicates that an unidentified object exists in an
explained before, are carried out.

Figs. 23A and 23B are each a block diagram showing
an image-processing apparatus 5201 for implementing the
technological concept described above. That is to say,
Fig. 23 1s block diagrams each showing the entire
configuration of the image-processing apparatus 5201 as
configurations based on the technclogical concept common
to the embodiments. To be more specific, Fig. 232 is a
block diagram showing core components ¢f hardware
employed in image-processing apparatus 5201 whereas Fig.
23B is a block diagram focused on functions of the image-
processing apparatus 5201.

As shown in Fig. 23A, the image-processing
apparatus 5201 is an apparatus for producing a result of
determination as to whether or not an unidentified object
exists in an image received from an image taking camera
5202 and for ocutputting a binary signal indicating

whether or not an unidentified cbiect exists in an ilmage
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image received from the image taking camera 5202. The image taking
camera 5202 is a commonly known camera for outputting an image
signal. The image taking camera 5202 is typically a camera employing a
CCD image-taking device. The image taking camera 5202 outputs the
image signal to a large-capacity storage apparatus such as an HDD or a
host agéoaratus through a communication line or the like by way of the

TRaGE-Pr8cesiRy BPpardtids 0 FHInERBSS D casdRg apparttus 5202

em |O¥%a Jcrocomguter aﬂ; a core component. he microcomputer
sa = i

includes'a CPUB2037 A REOM 5504 &id §RAM Iyhfehtayee when the

§9§H8§te§§8§é§@e°sth%r by a bus 5208, The Py%@.cggﬂfé’é%f ,g%f{'se%s"“ég an
process etermined In advance on an Image received-from thé Image

1aking cggm&@@zmowgtsimg@segﬂgg B@]‘ﬁ%% e, e

large-capacity storage apparatus suth as an HDD or the host apparatus

throvghan. ouWpW5207 Jiis tg benated that {he copfiguration shown

in Fig. 23A is a configuration common to all embodiments to be

slespribed fajerin detaihAllkthgfunctional sectigng-shawn iyFiga23Ba 5202
except an image holding section 5212 implemented as the 79 RAM 5205

‘ave sgftward programsastored imthiecRAM5204 00 be exgeuted byribe device
microcomputer described above. An image received from the image

Taking aafera®RD2g camera 5202 outputs the image signal to

a large-capacity storage apparatus such as an HDD or a
heost apparatus through a communication line or the like
by way of the image-processing apparatus 5201.

The image-processing apparatus 5201 employs a
microcomputer as a core component. The microcomputer
includes a CPU 5203, a ROM 5204 and a RAM 5205, which are
connected to each other by a bus 5206. The microcomputer
carries out a process determined in advance on an image
received from the image taking camera 5202 and outputs
the result of the process to the large-capacity storage
apparatus such as an HDD or the host apparatus through an
output I/F 5207.

It is to be ncted that the configuration shown in
Fig. 23A is a configuration common to all embodiments to
be described later in detail.

All the functional sections shown in Fig. 23B
except an image holding section 5212 implemented as the
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is stored in the image holding section 5212 as a still image. A horizontal
image division section 5213 is a module for dividing the image stored in

the image holding section 5212 into horizontal image portions 5502 each
oriented in the horizontal direction. An image-portion determination
processing section 5214 is a module for processing each of the horizontal
image portions 5502 obtained as a result of the process carried out by the
%%zén%%ﬁnﬁﬁé@e FiofsTorf S6ctORTBIIE o Giviectfe imagestdrel i iy to
image holding section 5212. To be more specific, the image-portion

AR tTR iAo proteSdifig ReCERr 8T A biddudes a5eRER GtrR¥Ermination

as to wh%ther. or not an unidengﬁe objeg}é exists in each of the horizontal

image portions B502 Fthe result 6t e ditermifdoninbitafesthaesn 202
ypidentified OE"GCEﬁ’éisﬁsﬂgﬁ%h%%zloé‘:{%imsaé’%tﬁ’%%“oﬁ25§Qzatshea still
} \ 3

image-portion determination processing” section recognizes
ajtributes of the unidentified object. The attributes of an unidentified

object include the location of the object, the_ shape of t_he object and the
area of the gbject: Jhesesult ofthesprocessing 8 carried aytby the .

image-portion determination processing section 5214 is a binary alarm
sighal er animage Duiply torthe stergge appataius sitedabove gethes1ding
section 5212 into horizontal image portions 5502 each
criented in the horizontal direction.

An image-pcrtion determination processing section
5214 is a module for processing each of the horizontal
image portions 5502 cbtained as a result of the process
carried out by the horizontal image division section 5213
to divide the image stored in the image holding section
5212. To be more specific, the image-portion
determination processing section 5214 produces a result
of determination as to whether or not an unidentified
object exists in each of the horizontal image portions
5502. If the result of the determination indicates that
an unidentified object exists in a horizontal image
portion 5502, the image-portion determination processing
section 5214 recognizes attributes of the unidentified
object. The attributes of an unidentified object include
the location of the object, the shape of the object and

the area of the object. The result of the processing
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aforementioned host apparatus through a network. It is to be noted that
the configuration shown in Fig. 23B is a configuration common to all
embodiments to be described later in detail. Fig. 23C shows a flowchart
representing processing carried out by the image-processing apparatus
5201 shown in Fig. 23B. The flowchart begins with a step 55221. Then, at
the next step 55222, the horizontal image division section 5213 divides
Erhpatintage 5Y01 fifto HoheRZEMAITA Y e PoFFoHsI 5502 Where ¢ris aping
integer at least equal to 2. in actuality, in the process to divide an input
%ﬁ%gé%io%%ﬁflo i PofizBrtaf iade frlioRd 8562, aprégraknage output
imp] mentinP%rtaze horizontal image division section 5213 merely specifies

S

TRIatlE attrestHangREHT thE RAM 52051284 FordtofiR§ the input image

a5§c91_1eThen ,%tritgg nr%(ggteQ S5223, a co&pter variable i %ed or

contro |%E%op processing ghfitalizéd to f%i?onse%u%ﬁt Gt fhie next

step S5224, the imagespqtion, determinafion 85%%&'{%%%%@@%&&81 in

processes the ith horizontal image portion 5502 of the Input image 51

Ay deseribedsearligsthe procassing casrigdquiby the 8L jmage-parion
determination processing section 5214 includes a process to produce a
nesuytel-deterninaiion ras to whether or not an unidentified object exists in

Fig. 23C shows a flowchart representing processing
carried out by the image-processing apparatus 5201 shown
in Fig. 23B.

The flowchart begins with a step S$5221. Then, at
the next step S5Z22, the horizontal image division
section 5213 divides an input image 5101 into n
horizontal image portions 5502, where n is an integer at
least equal to 2. In actuality, in the process to divide
an input image 5101 into n horizontal image portions 5502,
a program implementing the horizontal image division
section 5213 merely specifies relative address ranges in
the RAM 205 used for stering the input iﬁage 51G1.

Then, at the next step 8$5223, a counter wvariable 1
used for controlling loop processing is initialized to 1.
Subsequently, at the next step S5224, the image-portion
determination processing section 5214 processes the ith
norizontal image pertion 5502 of the input image 5101. BAs

described earlier, the processing carried out by the
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each of the ith horizontal image portion 5502. After the processing is
completed, at the next step S5225, the counter variable i is incremented
by 1. Then, atthe next step S5226, the counter variable i is compared
with an integer n representing the number of horizontal image portions
5502 composing the input image 5101 in order to produce a result of
determination as to whether or not the counter variable i is greater than
*Hé JRteyRF hi fth&dbferihindion e st fidkated that #9e ‘counfist 1 4
variable i is not greater than the integer n, the flow goes back to the step

215 e e BhE 17 6cd3 R SFANE Stéps 85394 1385984 sAdid madden

8% f%cg, t ee %l;fcgsses gf IChe steBs S 22% fo 85%26 are carried out
rapeatedly il the deteriiinatich restit producedin the FrocESs Edrfied dut

éaé the gtgpt%%zz_.%lﬁd}gggaszm Qg? counter var_i%ble i i%gr(??'ger than the

integer n. When he n horizont imgag%oﬁ?o?ﬁs%gbz composing the

input image 3101 have,been progessed, the flowk gogs opfoastep 85227, |

at which the processing representéd by the flowchart is ended. Fig. 24 is

godiagram showinga seregnappeasing ons a display,segtion 5303, Ther, .,
displayed screen explicitly 82 shows horizontal image portions 5502 cited

sarletelman operatiorscarried out by amppesatorio-specity a 1is
background area, the operator sets a background-area

compared with an integer n representing the number of
herizontal image portions 5502 composing the input image
5101 in order to produce a result of determination as to
whether or not the counter variable i is greater than the
integer n. If the determination result indicates that the
counterrvariable i is not greater than the integer n, the
flow goes back to the step S5224 to repeat the processes
of the steps S5224 to 35226. As a matter of fact, the
processes of the steps 55224 to 85226 are carried out
repeatedly till the determination result produced in the
process carried out at the step $S5226 indicates that the
counter variable I 1s greater than the integer n.

When 21l the n horizontal image portions 5502
composing the input image 5101 have been processed, the
flow goes on toig step 85227 at which the processing
represented by the flowchart is ended.

Fig. 24 is a diagram showing a screen appearing on
a display section 5303. The displayed screen explicitly
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setting range 5503 by being aware of the horizontal image portions 5502
so that desired horizontal image portions 5502 are not excluded from the
background-area setting range 5503. 8: Sixth Embodiment Fig. 25 is a
block diagram showing an entire image- processing apparatus 52001
according to a sixth embodiment of the present invention. All the
functional sections shown in Fig. 25B except the image hoIding section
BB Impleméntatias tHE2RAN 8285 aRe softilareprogFarfia Stored in the an
ROM 5204 to _be executed by the microcomputer described above. An
Tage raceived fromt eq}’%'ltaéf@’taﬁfﬁg%%?ﬁ’é}g%ﬁoﬁoissé)r’?c‘élétéfréad in the
g@gg 1‘holdi g section %%12 as a SQII imms_(q??. The horizgntal image division
t

section 5213 divides the image stored in %Slmaag% jolding $ecti6r 5312

é@et@g@%ﬁ'g@aggdm%sm0@%@%2%%"%%“%9@ al, direction; A e

characterlstlc-quantlty computation'section 3isa moéule or

peauiringdhe ymage stargd in thesimage holding, sectionijzlzandhe o
horizontal image portions 83 generated by the horizontal image division

Seotion b313 candeiMputing acharadteristicauant-for each ofthe: i ng
horizontal image portions. Thus, the characteristic
range 5503.

8: Sixth Embodiment

Fig. 25 is a block diagram showing an entire image-
processing apparatus 52001 according to a sixth
embodiment of the present invention.

All the functional sections shown in Fig. 25B
except the image holding section 5212 implemented as the
RAM 5205 are software programs stored in the ROM 5204 to
be executed by the microcomputer described above.

An image received from the image taking camera 5202
1s once stored in the image holding section 5212 as a
still image.

The horizontal image division section 5213 divides
the Image stored in the image holding section 5212 into
herizontal image portions each oriented in the horizontal
direction.

A characteristic-guantiiy computation section 52013
is a module for acquiring the image stored in the image

holding section 5212 and the horizontal image portions
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quantity of each of the horizontal image portions is an array of relative
addresses of the image. The arrays are created on a
simultaneous-occurrence probability matrix to be described later. A pixel
determination section 52014 is a module for creating a bitmap used for
identifying an unidentified object existing in a still image on the basis of
an arra%/A created by the characteristic-quantity computation section

ISHFER EixB settetéfindfa dctidhrsFo 154E BrhBduRe fricompiing
the total area of an i part determined to be an unidentified object
éﬁst?nd“ﬁ%%ﬁﬁrr?ag@ had6PEGMbafin Gt Coordinates G1aRe c‘éﬁté}}b?

+the. image part on the basis. of the bifmap created by the pixel
getermlr?é gn section 52014 s to Il:)fglnot’ed aﬁgt t(ﬁ)é qmaA 5%?6553‘5%9

fRnaratus 520 e% %qgog%n%% this embadim ﬁngﬁ ;gfrrﬁzgeti)ﬁiﬁge as an

apparatus instal t a shore in COI’]junCtIOI’] wit

GamReraz202 A driving mgchanism sueh.as.a motardrives theimage. ...

taking camera 5202 into reciprocating movements in order to look over a

wiglerargadn a:seaiglose: tmtheushore cThe-driving 84Jneehanis! rg Itsetds x
not shown in Fig. 25 though. In order to detect an unidentified object
tremate dsemrthedeach-the image taking camera 5202 should have

A pixel determination section 52014 is a module for
creating a bitmap used for identifying an unidentified
object existing in a still image on the basis of an array
created by the characteristic-quantity computation
section 52013,

A pixel-set determination section 52015 is a module
for computing the total area of an image part determined
to-be an unidentified object existing in a still image
and for computing the cocrdinates of the center of the
image part on the basis of the bitmap created by the
pixel cdetermination section 52014.

It is to be noted that the image-processing
apparatus 52001 according to this embodiment is intended
to serve as an apparatus installed at a shore in
conjunction with the image taking camera 5202, A driving
mechanism such as a motor drives the image taking camera
5202 into reciprocating movements in order to look over a

wide area in a sea close to the shore. The driving
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a large magnification power. However, increasing the magnification
power of the image taking camera 5202 means reducing the
photographing angle of the image taking camera 5202. For this reason,
the image taking camera 5202 should be driven into reciprocating
movements in order to look over a wide area. Driving the image taking
camera 5202 into rgcii rocating movements entails a technique to
ESmpareSthe predent il Ritge Wil 3n ihage fnnfedidt8 Beceding the
present Etill i@%%era%d d tec;g3 an %nidegyggn%bi tfg)r% g.diff rence

between f%eopresent Stil i?ﬁ:age and the immedia eﬁ}a precealen% stﬁlemote

dmage. and,auch.a teccé‘é‘i‘l‘:‘r?aiqedgg%’é%%oﬁg%‘?%@ef 0L SBNENUANS 1 ¢ nave

according to the embodiments 10 ow were innovated to

=Solve:-this probler; Eig. 26.s gdiagram shqwing.a. madel of & Igyoutof
data stored in the RAM 5205. As shown in the figure, the layout includes

n{BEeE areast k 8n abipput-trage, bitmap data area §2102,which £ap alsQn s
be said to be an image holding section 5212, a simultaneous occurrence

jaebahility roatixareay-dataaieap2dNg fer staring arfaysef acaking
simultaneous occurrence matrix and an image 85 flag bitmap data area
GRi0da Figh 27 .is diagranhs. showingadata irtternathy gtored Hntie RAM ra
Eiigg.should be driven into reciprocating movements in
order tc look over a wide area.

Driving the Image taking camera 5202 into
reciprocating mcovements entaills a technique to compare
the present still image with an image immediately
preceding the present still image and detect an
unidentified object from a difference between the present
still image and the immediately preceding still image,
and such a technique is difficult to implement.
Inventions according to the embodiments to bhe described
below were innovated to solve this problem.

Fig. 26 is a diagram showing a model of a layout of
data stored in the RAM 5205. As shown in the figure, the
layout includes three areas, i. e., an input-image bitmap
data area 52102, which can also be said to be an image
holding section 5212, a simultaneocus occurrence
probability matrix array data area 52103 for storing

arrays of a simultaneous occurrence matrix and an image-
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To be more specific, Fig. 27A shows an input-image bitmap stored in the
input-image bitmap data area 52102. The input image bitmap stored in

the input-image bitmap data area 52102 is the bitmap of an input image
generated by the image taking camera 5202 in a photographing

operation. Each pixel in the image has a luminance level in a typical

range of 0 to 255. The image shown in Fig. 27A includes a sea 52202,

the gky 5pes dirlta shipss229418érving as an unidentified object on the
surface of the sea 52202. Fig. 27B shows an image flag bitmap stored in
the imagé-flagbitrmiap HaaHred 523040t i RAMSA05 9 brotess s ed
be described later, the area of an unidentified object is detected from the

ifpUtifnage. bitap: The area of the ship 52204 corresponds to bits set

at 1 in the image flag bitmap as showp.in Fig, 27C. Fig. 27C shows an,
enlargezfﬁgrlﬁ%gn%?%e ﬁﬁa?gcel%ﬁaa ’bit%l I%Ef%e gi?r%%'ﬁ sABwhThR Fig, ™a9®

B33 the: enlaroed pﬂ&ﬁ%‘(’.’k%fp[ﬂ% ir{‘z%‘%%é'ag P—l%%‘; : rﬁﬁ?é%sgaéraéal 2102.

corresponds to a pixel Tooking fike a pixef of an uni e ject. Onthe

<therhand, & pit geset 19 Q corresponds 1o apixel jogking. H‘ﬁ%gé’i@lﬁfngp
86 background. Figs. 28A and 28B are diagrams showing models of
arayssteredipthe simultaneoysesprerceprobability image generated
by the image taking camera 5202 in a photographing
operaticn. Each pixel in the image has a luminance level
in a typical range of 0 to 255. The image shown in Fig.
27A includes a sea 52202, the sky 52203 and a ship 52204
serving as an unidentified object on the surface of the
sea 52202,

Fig. 27B shows an image flag bitmap stored in the
image-flag bitmap data area 52104 of the RAM 5205. In a
process to be described later, the area of an
unidentified object is detected from the input-image
bitmap. The area of the ship 52204 corresponds to bits
set at 1 in the image flag bitmap as shown in Fig. 27C.

Fig. 27C shows an enlarged porticn of the image
flag bitmap. In the bitmap shown in Fig. 27B as the
enlarged portion of the image flag bitmap, a bit set at 1
corresponds to a pixel looking like a pixel of an
unidentified object. On the cther hand, a bit reset to 0

correspeonds te a pixel looking like a pixel of a
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matrix array data area 52103 of the RAM 5205. In actuality, the arrays
stored in the simultaneous occurrence probability matrix array data area
52103 at the center of the RAM 5205 do not have the shapes shown in
the figures. However, the reader is requested to think that a software
program ideally constructs such shapes. To be more specific, Fig. 28A
shows array data 52301, which is a set field of arrays based on a
R&MRARESEs occurrence probability matrix as arrays having a variable
length. The simultaneous occurrence probability matrix is a square matrix

having Z56%dlentents k1) Ndtafidr efdnfsitt Tk 1) terbtea rstix > =

element att the gwtersecgon of the,kcth row and the Ith column in the. . . .
arrﬁys stored 1n the 56mgﬁ SNeQUS_OoCCUrrence gro ab%%lty
simultanédus occurrence probability matrix. The column nunmberkan

cfhe.foy s Lars eadhan integer It jange § 9255 reprgsenting

uminance levels. An array at every element position is expressed by

=tacked cybesyIhe stacked cubes include the relative address of an

image pixel at the location of the stacked cubes. Notation (k, 1) [1] shown

Jadig 28 depetesthe ifirstaray element of an akray af asmatixelement
at the intersection of the kth row and the Ith column in the 87

tSimutianeeus occurrencemrobabilitydsatrix:By #he:same tekem awtationm
(k, 1) [2] denotes the second array element of an array at a matrix
iglemeat &t gures. However, the reader is reguested to think
that a software program ideally constructs such shapes.
Tc be more specific, Fig. 28A shows array data
52301, which is a set field of arrays based on a
simultaneous occurrence probability matrix as arrays
having a variable length. The simultaneous occurrence
probability matrix is a square matrix having 256¢ elements
{(k, 1). DNotation element (k, 1} denotes a matrix elemant
at the intersection of the kth row and the lth column in
the simultaneous occurrence probability matrix. The
column number k and the row number 1 are each an integer
in the range 0 to 255 representing luminance levels. An
array at every element position is expressed by stacked
cubes. The stacked cubes include the relative address of
an image pixel at the location of the stacked cubes.
Notation {k, 1) [1] shown in Fig. 28A denotes the
first array element of an array at a matrix element at

the intersection of the kth row and the 1lth column in the
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the intersection of the kth row and the Ith column in the simultaneous
occurrence probability matrix. An array can have up to five array
elements. Thus, the fifth array element is denoted by notation (k, 1) [5].
By the same token, notation (k, 1-1) [1] shown in Fig. 28A denotes the first
array element of an array at a matrix element at the intersection of the kth
row and the (1-1)th column in the simultaneous occurrence probability

SAHHXC RIERSe, HOtRtorEiC T - D PPdéhoté S tha st Hfray element of an
array at a matrix element at the intersection of the kth ro nn% the (1-5)th
column i%%hg SinftiftAniesd 88Cuf?é3n%%tﬁr88aﬂiﬂw édrii%gi iy ©s” the

notati%n gk-3, %) [%lg%gol;gs lhe first array eIe@ent of gn arraé/laé am trix

“glement at the® interséction o thaén(k-aﬁ% row and the first colarmn in t eat

tﬂ'é?uitﬁ@%%se%%%ﬁe%f Arehakility matrix. The stacked cubes in an array,,

include the relative address of an image pixel located at the position of

{hestagked, cubes-as apixelof the image stered:qinthe ;input-image
bitmap data area 52102. Due to page-space limitation, Fig. 28A can show

few 88 amrays-each eenrsisting-ofheap of stacked-gybes. Hewever, Thus,
from the few arrays each consisting of a heap of stacked cubes, it is
tpassiblef tiinfer-amshapeselese tad. s denoted by notation {(k, 1) [5].

By tThe same tToken, notation (k, 1-1) [1! shown in
Fig. 28A denotes the first array element of an array at a
rmatrix element at the intersection of the kth zrow and the
(I-1)th column in the simultaneous occurrence probability
ﬁatrix.

Likewise, notation {(k, 1-5) [11 denctes ths first
array element of an array at a matriz element at the
intersection of the kth row and the (1-5)th column in the
simultanecus occurrence probability matrix.

Similarly, notation (k-3, 1) {11 denotes the first
array element of an array at a matrix element at the
intersecticn of the (k-3)th row and the first cclumn in
the simultaneocus occurrence probability metrix.

The stacked cubes in an array include the relative
address of an image pixel located at the position of the
stacked cubes as a pixel of the image stored in the
input-image bitmap data area 52102.

Due to page-space limitation, Fig. 28A can show few
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the commonly known Gauss curved surface like one shown in Fig. 28B. It
is to be noted that description given later will explain a detailed method

for creating arrays having a simultaneous occurrence probability matrix

as a base. Fig. 29 is a diagram showing relations between the RAM 5205
and pieces of data stored in the RAM 5205. A background stored in the
input-image bitmap data area 52102 as an area having a large size
chudes epart concentratedyincen arcaarith many warayeelementssin the
simultaneous occurrence probability matrix array data area 52103
Hempusing afsipultaheods ocawrrentce probability: fiakfix Eheorelativesap of
addresses of image data_stored as array elements of the concentrated
Paf GFE SoH@ BFthelfeldtivePadtié§ses 6dhé Bhfife Backep®iind oF fife t©
image-flag bitmap data area 52104. Flags at background relative

286reSSBLSIHeY thAIT e RANRR GHARRSeSHFitRige datiistorg anown in

rray e%eé%ents of the concentrated part are reset. In the example shown
In'Fig. 29,7dn area enclosed by a dashed line in the image stored in the

nputimage iman dgia prea 52102 6 agatel e sky. tapis .89 gar,

of the image store e Input-image bitmap

ekthe-sky correspands to aurays paeh,copsisting of stacked cupes in,the,

simultaneous
simultaneous occurrence probability matrix as a base.

Fig. 2% is a diagram showing relations between the
RAM 5205 and pieces of data stored in the RAM 5205.

A background stored in the input-image bitmap data
area 52102 as an area having a large size includes a part
concentrated in an area with many array elements in the
simultaneous occcurrence probability matrix array data
area 52103 composing a simultaneous occurrence
probability matrix. The relative addresses of image data
stored as array elements of the concentrated part are
some of the relative addresses of the entire background
of the image~flag bitmap data area 52104. Flags at
background relative addresses other than the relative
addresses of image data stored as array elements of the
concentrated part are reset.

In the example shown in Fig. 28, an area enclosed
by a dashed line in the image stored in the input-image
bitmap data area 52102 i1s a part of the sky, that is a
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occurrence probability matrix array data area 52103. That is to say, an
array variable representing an array of stacked cubes includes the
relative address of a pixel serving as an element in the area enclosed by
the dashed line. A flag included in the image-flag bitmap data area
52104 as a flag at such a relative address is reset from 1 to 0. The
process explained earlier by referring to Figs. 9 and 10 as a process of
rredtingfa Simsultaneoes saeoterence prokability mattixitya processtodata
create arrays of the simultaneous occurrence probability matrix array
 ¥atd afedl521:03 Bhownria Fig. 20 from apkippot image bitdmptstoredriay s
the simultaneous occurrence probability matrix array data area 52103
ST SKWE i Fig 2 Howeversthisenbadiffent takesiamappioaeh s
different from the handling in related art of a simultaneous occurrence

ProvEift) Hiatik OhPatcordancRARH thePEERNOIBET in Felad %t &3 -  That

simultaneous occurrence probabigjg matrix is used as a technique for
MR,

comparing'good protihéd a : &d %?855&?%%&“0%@?‘ fiva °F
BaAa PGS 0 depetbein dopurogts suon s epners
dakep: g apholographingaperation,and a simylianeous OGEUIMenge . or o
line. A flag included in the image-flag bitmap data area
52104 as a flag at such a relative address is reset from
1 to 0.

The process explained earlier by referring to Figs.
9 and 10 as a process of creating & simultaneous
occurrence probabllity matrix Is a process to create
arrays of the simultaneous occcurrence probability matrix
array data area 52103 shown in Fig. 29 from an input-
image bitmap stored in the simultaneous occurrence
probability matrix array data area 52103 also shown in
Fig. 29.

However, this embodiment takes an approach
different from the handling in related art of a
simultaneous occurrence probability matrix.

In accordance with the technclogy in related art, a
simultaneous occurrence probability matrix is used as a
technigue for comparing good products and rejected

products with each other in a manufacturing process as
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probability matrix is created in advance. Then, the image of a product

newly flowing along a manufacturing line is taken and a simultaneous

occurrence probability matrix is created from the image. Subsequently,

the simultaneous occurrence probability matrix of the new product is

compared with the simultaneous occurrence probability matrix of the

good product and differences in simultaneous occurrence probability
SaGBdbatvelh tHe HBENES dretisedas’abasis 6 froaasingletreduRptn

determination as to whether an abnormality such as an injury or a stain
Nexistd®n theTeld product i tHEREy © SintulER80uS BREWFéndes taken in

proktl)a ili%ga%ri.xes in related, art are gsed in a process of producin
e

R S BTSN S T5 WHBHRSI P aS TIPSR SILE T raghae

sndnis.embodment, each malrx clement of & simultaneoys acoumence,
proba ﬂ"lty matrix is‘compared with a threshold value determined in ”

oad%arﬁgod%i@yltae%w eqeyrtence.propability, matrix elemeats. greater ;

than the threshoid value are detefmined to be matrix elements

tCOrESSPORGINg tosanimaga-palt having.a-darge ?%’bt'é‘ﬁﬁif'igé?t%trix is
elements corresponding to the 91 background of the image. Then, the

careatacsupieshby-the baskgrounchefdbeimage is exchuded: dherefare; u s
each matrix element is handled as an

occurrence probabllity matrix of the new product is
compared with the simultaneous occurrence probability
matrix of the good product and differences in
simultaneous occurrence probability matrix between the
products are used as a basis for producing a result of
determination as to whether an abnormality such as an
injury or a stain exists on the new product. In this way,
simultaneous occurrence probability matrixes in related
art are used in a process of producing a result of
determination as to whether an abnormality exists on a
product.

In this embodiment, each matrix element of a
gimultaneous occurrence probability matrix is compared
with a threshold value determined in advance.
Simultaneous occurrence probability matrix elements
greater than the threshcld value are determined to be
matrix elements corresponding to an image part having a

large area, that is, matrix elements corresponding to the

91



array and it is necessary to store the relative address of each pixel of the
image in an array element of the array. After all the processing is
completed, a set-flag part included in the flag data as a narrow part
showing luminance levels different from those shown by the background
of the image is determined to be a part showing an unidentified object.
With regard to the determination of an unidentified object existing in an
Lt dinay e prbbabiyatice to Have the readarahink detgrisidation bye
end-on cutting of the Gauss curved surface shown in Fig. 28B over a
CBIRBT LA ditoridiftaticirgaraliél °theé Y§$tane as a plane
representing the threshold value. The plane put in an orientation parallel
to the xy PRNEEE"& pldie” feftaSéntihg theRreshoRl Vi iidréfedto
as a threshald plane. The relative address of ir?%a%e data correspgnding

& for EAc hAtriX elEmeRt FEstifit frsm the°&iting of the'GhddS cavagess

surface over the threshold Elane (that is, each matrix element in contact
“with the léreki‘%% fﬁalrelg)eis the Telative aaladraegg%ﬁgaeiggﬁ%htor? ﬁhéﬁe
zhackground. 92 Figs. 30 and 31 show a flowchart representing the flow of

processing carried out by the image-processing apparatus 52001
accommﬂfgg@eéﬁﬂm¥y@eﬁ£ocessing is completed, a set~flag

part included in the flag data as a narrow part showing
luminance levels different from those shown by the
background of the image is determined to be a part
showing an unidentified object.

With regard to the determination of an unidentified
object existing in an image, it may be probably nice to
have the reader think determination by end-on cutting of
the Gauss curved surface shown in Fig. 28B over a plane
put in an crientation parallel to the xy plane as a plane
representing the thresheld value. The plane put in an
orientation parallel to the xy plane as a plane
representing the threshold value is referred to as a
threshold plane. The relative address of image data
corresponding to each matrix element resulting from the
cutting of the Gauss curved surface over the threshold
plane (that i1s, each matrix element in contact with the
thresheold plane) is the relative address of a location on

the background.
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As shown in Fig. 30, the flowchart begins with a step S52501. Then, at

the next step 552502, a relative position function 5 is set as a rule for
creating a simultaneous occurrence probability matrix, firstly.
Subsequently, at the next step S52503, the address a of an observed
object on an input-image bitmap is set to point to the head of the input
image. The address a is a_relative address in the input-image bitmap and,
in proceSsExrried odat this StERPthé initaWaliierst iRPisarRadiiesde
%'n the processing is set. Then, the flow of the processing represented by

Hi oW HAF GG on & Sfept 52500 Prodiice AMREGFRFOCeSs1Ag

determination whether or not a pixel exists at a location separated
aa%?fyrﬁgr%sthagéfg%vg cé:é)d?é%sn d byc?hé: rglatei\r/rég Béﬁﬁlgﬁﬁnction 5. Fora

elative PRt Iclon 8721, ) ot peample, - ieaie address b

6(a) does not exist if the relative address ais an addréss a end

Of the inputrimage Qitmap . if the, determinatiop resulbpipgduced inthe. ;

process carried out at the step S52504 indicates that the relative address

dus Bla)existsntheiflgw of the Sprogessing rerresentedhy this flowchart
goes onto a step S52505 at which the luminance level at the relative
attressadisset astherevnHuimberds Jiheni he relativex, firstiy.
Subseguently, at the next step 552503, the address a of
an observed object on an input-image bitmap is set %o
point to the head of the input image. The address a is a
relative address in the input-image bitmap and, in
process carried out at this step, the initial value of
the relative address in the processing iz set.

Then, the flow of the processing represented by
this flowchart goes on to a step S$S52504 to produce a
result of determination as to whether or not a pixel
exists at a location separated away from the relative
address a by the relative position function &. For a
relative position function & = (1, 0°), for example, a
relative address b = &{a) does not exist if the relative
address a 1s an address at the right end of the input-
image bitmap.

If the determinaticn result produced in the process
carried out at the step 552504 indicates that the

relative address b = &d(a) exists, the flow of the
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address a is added to an array at the matrix element (k, 1) in the array

data area 51203. That is to say, one more cube is stacked on an array
shown in Fig. 28A and the relative address a is stored in the cube. It is to
be noted that, if the determination result produced in the process carried
out at the step S52504 indicates that the relative address b = 5(a) does

not exist, on the other hand, the flow of the processing represented by

1§ RwchETt goes endiveetly tova stebs55750678Rippingthe process a
carried out at the step 552505. This is because the process to add a
Féi5Rve adaibssdb antarfdy atdn YHAWR Biifiertofahe aimfifhesubative
occurrence probability matrix may not be carried out. At the step 552506,

BRSSP addrels @ 18 Sintidindrt¥d BY O Thefi; the 6k of e relative

rocessing_ represented by this flowghart 0es on to a step 552507 to
%rjgdtcjru%sésa Fesuit gfg orf}e?egrm%/ﬁaf?c?n 3& toa%h%{'hei F Bt the Felfavarent (k.

addtess,g exi f the determinati It produced in the process
Egrn&qu o%tgatgtf% %Yepg%“sa%fﬁ?ﬁd%gt@ hat t eargla%i%e%%dggéé’ a exists ¢

e, Joncokiherogessing. [earesened by jiis flowehart gaes bgck to.the
step 552504 to repeat the processing starting 94 withthe process of this

steps #fithe deterraipation resultpraduced inthe progess capried.out atthe
step S52507 indicates that the relative address a does not

noted that, if the determination result produced in the
process carried out at the step 352504 indicates that the
relative address b = d{a) does not exist, on the other
nand, the flow of the processing represented by this
flowchart goes on directly to a step S$52506, skipping the
process carried out at the step S52505. This is because
the process to add a relative address to an array at an
matrix element of the simultaneous occurrence probability
matrix may not be carried out.

At the step 552506, the relative address a is
incremented by 1. Then, the flow of the processing
represented by this flowchart goes on to a step S52507 to
produce a result of determination as to whether or not
the relative addreés a exists. If the determination
result produced in the process carried out at the step
552507 indicates that the relative address a exists, the
flow of the processing represented by this flowchart goes

back to the step 552504 to repeat the processing starting
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exist, on the other hand, the result of the determination is interpreted as a
determination result indicating that the end of the input-image bitmap has
been reached. In this case, the flow of the processing represented by this
flowchart goes on to the next stage of processing starting with a process
of a step 552508. When the processing of the simultaneous occurrence
probability matrix is completed for all the input-image bitmap, at the step
“B57508)a thicshoidvalbe i§ tomphfel. frohd tHé matix elemiems. TFivere
are a variety of conceivable methods for computing a threshold value. For

L&Dl CORSEMt YRIUBFetermiRBd in &avdnceorait averdgesofsdiEp

Srg%%ix elements each having an array- element count of at least equal to 1
i

84 a5 thfeshdld Vaihe “ARer S tHeSHSd JERESS Sofmpitsd #A
{ 5526009, .initial, val f trix el | djnth dat
eage%lz%% L italvalues ol a m%b%xeegf%e”fgc@gég{%gﬁ%g?gé ¥

area as & matrix element’to be evaiiated a sy ton

sthe row number k and the column, number 1 are he @S@%%t:% [then, a
\% a

b2 hat
the next step 552610, the array-element count at the matrix e emer(Tjt (K, f)“

tigcompared withthe,2a treshald valuginordertojroduce algsylt of )
determination as to whether or not the array-element count at the matrix
telement B¢ 1)dsat leastequali®e processing represented by this
flowchart goes on to the next stage of processing
starting with a process of a step 552508.

When the processing ¢f the simultaneous occurrence
probabllity matrix is completed for zll the input-image
bitmap, at the step 852508, a threshold value is computed
from the matrix elements. There are a variety of
conceivable methods for computing a threshold value. For
example, a constant value determined in advance or an
average of all matrix elements each having an array-
element count of at least equal to 1 is used as a
threshold value.

After a threshold value is computed, at a step
552609, initial values of a matrix element located in the
array data area 51203 as a matrix element to be evaluated
are set. That is to say, the row number k and the column
number 1 are both set at 1.

Then, at the next step 552610, the array-element

count at the matrix element (k, 1) is compared with the
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the threshold value. If the determination result produced in the process
carried out at the step S52610 indicates that the array-element count at
the matrix element (k, 1) is at least equal to the threshold value, the flow
of the processing represented by this flowchart goes on to a step S52611
at which a flag included in the image-flag bitmap data area 52104 as a
flag corresponding to the relative address stored in an array element
Bereiiiag o Vanidgay At tHafatrboe et (€ 13 iswwel. tThat is to say,
the matrix element (k, 1) is determined to be a matrix element
YoreSPoRaing 18 dffosiforf ittHee badkgroid. itheddStiénmifafsierdsult

Cproduced in the cess carried out at the step 552610 indicates that the
elﬁ%e%%o%ﬁ‘t it the AR Etenént (k) 1)8 Shaléfhanifeal ©©

tﬂres@gldeg’b%ﬁ%n the otherlhgnd the flgw of%nagggg%sggg&b produced

represen S ﬂowchart goes on derec oas

'%@g};ﬁ%@ggs%gt:ég te&éséq}ltqgatslée S@XZ%Omam&(lcates

element iS determined to be a matrix element correspon Ingto a

Hositionn t@%pggk%@eﬁgn%t the step 552612, the rown U&%Mnd ﬁbe

column number 1 are updated to get the next matrix element (k, 96 1
{Ehesy; thesBlow of the processing represented-pythis: lowechart goss prtothe

a step S52613 to produce a result of determination as to whether or not
dhesextmalixrepresented by this flowchart goes on to a
step 552611 at which a flag included in the image-flag
bitmap data area 52104 as a flag corresponding to the
relative address stored in an array element pertaining to
an array aﬁ the matrix element (k, 1) is reset. That is
to say, the matrix element (k, 1) is determined to be a
matrix element corresponding to a position in the
background. If the determination result produced in the
process carried out at the step S$S52610 indicates that the
array—-element count at the matrix element (k, 1) is
smaller than the threshold walue, on the other hand, the
fiow of the processing represented by this flowchart goes
on directly to a step S52612 by skipping the process of
the step 3852611. That is tc say, the matrix eliement [k,
1y is determined to be a matrix element corresponding to
a positicn in the background.

At the step 352612, the row number k and the cclumn

number 1 are updated to get the next matrix element {k,
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element (k, 1) exists. If the determination result produced in the process
carried out at the step S52613 indicates that the next matrix element (K,

1) exists, the flow of the processing represented by this flowchart goes
“back to the step SS2610 to repeat the processes of this C and

subsequent steps. If the determination result produced in the process
carried out at the step S52613 indicates that the next matrix element (k,

11) . dodd:ast ekist dniie cthethand theflowoithe provessinged by this
represented by this flowchart goes on to a step 552614 because the
LHBEESERT d88G el sS farthadIsencadfied Gk oRTAINMERIelEMBRISL ©f
At the step 552614, the coordinates of the center of an area left in the

Sagetd g bithEp Hatd SredS31G4 a8arfstea With Sétlagiaré 1=
mputed. The area left in the i -flag, bitmap data area 52104 as an
ecfen%nth s(eR' fla% e oﬁsg&e % ifi ijrjlea&.lﬁﬁaﬁﬁ At ‘the last

23 . : =4
area wi S |sxtﬁe area n-unidentified o

5 %@%éaéla the e&ﬁﬁ%@%ggthsawg&%%si%ée%h@sggged%g%g 52613

owchart Is ended. e processes carried out at the steps

122303, 225204,:532p09, 222506 And 52520/ O the, flowchagt, shown in ;.

Fig. 30 are the processing carried out 97 by the characteristic-quantity
fCompation segfion-a2013, emplpyedsinthe imggerecessing,apRaratusoe s

52001 shown in Fig. 25. That is to say, these processes are processing
back tc the step 552610 to repeat the processes of this
and subsequent steps. If the determination result
produced in the process carried out at the step 552613
indicates that the next matrix element (k, 1) does not
exist, on the other hand, the flow of the processing
represented by this flowchart goes on to a step 352614
because the processing described so far has been carried
out on all matrix elements.

AT the step S52614, the coordinates of the center
of an area ieft in the image-flag bitmap data area 52104
as an area with set flags are computed. The area left in
the image-flag bitmap data area 52104 as an area with set
flags is the area of an unidentified object. Finally, at
the last step 552615, the execution of the processing
represented by this flowchart is ended.

The processes carried out at the steps 552502,
552503, 8525204, $52505, 552506 and $25207 of the

flowchart shown in Fig. 30 are the processing carried out
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to find a simultaneous occurrence probability matrix. The process carried
out at the step 552508 of the flowchart shown in Fig. 30 as well as the
processes carried out at the steps 552609, 552610, 552611, S52612 and
552613 of the flowchart shown in Fig. 31 are the processing carried out
by the pixel determination section 52014 employed in the
image-processing apparatus 52001 shown in Fig. 25. That is to say,
thekB préCessas aré YrbtESSHG T détdnhMBRHE JduréssPGian o 52013
uni(i"lentified,, ob'ﬁgzt. The %rogess carried out at the?st,efi S 6&§lof tF‘e :
HOWENATE Showr i ngr.n% s %reoﬁ%%éész}ﬁg chRied ou Sby e pixg 2Sep ¢
erminati ction 52015 employed in the image-processin .
Eg?piagtgt}s 5298%% sfgoswﬁ ?n I%a . QSI%T at iSto say. i %%eap%c sgsct)e%easrsélng

tRyoeessing ta find 1the,cogrdinates of the, centsr o s area in which; the

unidentified object exists. 9: Seventh Embodiment Next, the seventh

embodimgat ofthe presery dnventions explained. Hig.32isadiagramc he
roughly showing relative position functions 6 used in an image-processing

9% appanratus;aecarding te ihe seventk embodiment; Thednteradlses
configuration of the image-processing apparatus according to the seventh
cembodimentts adt muehsteps 552609, $S526€10, 552611, S52612
and 552613 of the flowchart shown in Fig. 31 are the
processing carried out by the pixel determination section
52014 emploved in the image-processing apparatus 52001
shown in Fig. 25. That 1is to say, these processes are
processing to determine the address of an unidentified
okiject.

The process carried out at the step S52614 of the
flowchart shown in Fig. 31 is the processing carried out
by the pixel-set determination section 52015 employed in
the image-processing apparatus 52001 shown in Fig. Z25.
That is to say, these processes are processing to find
the coordinates of the center of the area in which the
unidentified object exists.

9: Seventh Embodiment

Next, the seventh embodiment of the present
invention is explained.

Flg. 32 1s a diagram roughly showing relative

position functions & used in an image-processing
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different from the internal configuration of the image- processing

apparatus according to the sixth embodiment shown in rig. 25. In the

case of the seventh embodiment, however, a plurality of relative position
functions 5 are used. Then, on the basis of the relative position functions
5, a plurality of simultaneous occurrence probability matrixes are created.
The image-processing apparatus according to the sixth embodiment has
AEST BXpIAIRTTR/ KRG the febaivRosition ERERSH-B'SY(E; 00) as an
example, By the way, also in accordance with the techpology in related
art, a pl(arrkziﬁvtylcﬂE ‘S?n%éﬁgne%%%% Urahed npr8£a6iﬁt?/ mafixesarg-ess+ng

a‘f:!ﬁﬁ?adt%% the basis of.g plurality °E@$%¥§r§’°§’£i§’%‘fﬁ%%%” 2 THIS. uch
technique is merely a technique to quantize characteristic quantities of

Aniage compgsed of a fixed pattern.with 2 high degree of ageuragy. As

is obvious from Fig. 32, there are eight pixels existing at locations

psurrunding; a gefainepixel. Relative pesition functigns pfocthese pixels

are described as follows. A relative position function 51 is Si = (1, 00) 99
shaving ardistagt o2zEand@an angleof = Agelative pasition functien §2rsn+

52 =('12, 45) having a distant of '12 and an angle of 45. By the same

Hokermgarelativelurality of relative pesition functions & are
used., Then, on the basis of the relative position
functions &, a plurality of simultaneous occurrence
probability matrixes are created.

The image-processing apparatus according to the
sixth embodiment has been explained by taking the
relative position function & = (1, 0°) as an example. By
the way, also in accordance with the technology in
related art, a plurality of simultaneous occurrsnce
probability matrixes are created on the basis of a
plurality of relafive position function &. This technique
is merely & technigue to guantize characteristic
quantities of an image composed of a fixed pattern with a
high degree of accuracy.

As is obvious fxrom Fig. 32, there are eight pixels
existing at locations surrounding a certain pixel.
Relative position functions & for these pixels are
described as follows.

A relative position function 31 is &1 = (1, 0°)
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position function 63 is 53 = (1, 90), a relative position function 64 is 64 =
(12, 135), a relative position function 65 is 65 = (1, 180), a relative
position function 56 is 56 = ('12, 225), a relative position function 67 is 67
= (1, 270) and a relative position function 58 is 68 = (112, 315). That is to
say, eight relative position functions 61 to 58 can be created. By making
use of the eight relative position functions 61 to 58, eight simultaneous
Reecufrénge Préthabifity Phatfixés ean beaireated oFig0 33 sHowsea HoweRart
representing processing_ carried out by the image-processing apparatus
BRooding tothisemBodimert. RS shovin 41 thﬂegfiduréémérfﬁw@ch%ﬁstant

bfe ins with a step 552801. T %Q, at the ntext step S52802, cagountler ,
SaridblE1iE ifitaEd S 0 Subsequently,“tHe o #&cessing Lat1ve

JgRiasented Y s fowehart [09ee on (0 2 step92903 o prodce

resulf of determination as to whether or nét a rel i'veaporselatlonuﬂjfr?ction 5(i)

eiving as aylefargreating a simultangaus gggcurrence probability,,

matrix exists. If the determination result produced in the process carried

8 2 the: stepr$52803 indicatessthat the; 100 relative position.funstion 5()

exists, the flow of the processing represented by this flowchart goes on to
gbsition function &6 is &6 = (V2, 225°), a relative
position function &7 is &7 = (1, 270°) and a relative

position function 38 is 88 (N2, 315°).

That is to say, eight relative position functions
51 to 388 can be created. By making use of the sight
relative position functions 81 to 68, eight simultaneous
occurrence probability matrixes can be created.

Fig. 33 shows a flowchart representing processing
carried out by the image-processing apparatus according
to this embodiment. As shown in the figure, the flowchart
begins with a step $52801. Then, at the next step S52802,
a counter variable 1 is initialized to‘G. Subsequently,
the fiow of the processing represented by this flowchart
goes on to a step S52803 to produce a result of
determination as to whether or not a relative position
function &(i) serving as a rule for creating a
simultaneous occurrence probability matrix exists.

If the determination result produced in the process
carried cut at the step $52803 indicates that the
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step S52804 at which the relative position function 5(i) is set. Then, at the
next step 552805, a characteristic quantity is computed on the basis of a
simultaneous occurrence probability matrix based on this relative
position function 5(i). Subsequently, at the next step S52806, a pixel
determination process is carried out by making use of the data obtained
as the data of arrays in the simultaneous occurrence probability matrix.
Ffhé protess carredaut attne st S528055% L Eqifivalehfto’the'prodesses
carried out at the steps 552503, 55%5‘04, 52505, 552506 and 552507 of
Rh&“isticritt SRED 7T Rig® 30°8n thé ditfer iR fhe F3t8sS Barriddut

840 Siop $2800 5 quivelen 1o e irogess carted ouiaL the siens

08 as well as the processes carrie

1202010, S52611, Sp261p and an2613 @gggg\g:pag she i@dﬁ%-é%%ic
he address a of an

Subsequently, at the next step S52503, observe
Hbiest onan inputimage bitmapds set, 1 peing to the-head of-the input

Image. The address a is a relative address in the input-image bitmap and,
dapreeess:sansiesout at this step: e:dinitiad value:of -thedelative addeess

in the processing is set. 101 That is to say, the processes carried out at
ghe isteps S52805 iand 352806 areuegiivalenitd g subroutine next step
552806, a pixel determination process is carried out by
making use of the data obtained as the data of arrays in
the simultaneous occurrence probability matrix.

The prccess carried out at the step 852805 is
eguivalent to the processes carried out at the steps
S52503, 352504, 552505, 552506 and 852507 of the
flowchart shown in Fig. 30.

Cn the other hand, the process carried out at the
step S52806 is eguivalent to the process carried cut at
the step S52Z508 as well as the processes carried out at
the steps 552609, S52610, 852611, 3552612 and 8552613 of
the flowchart shown in Fig. 31.

Subseguently, at the next step 852503, the address
a of an observed object on an input-image bitmap is set
to peint to the head of the input image. The address a is
a relative address in the input-image bitmap and, in
prccess carried out at this step, the initial value of

the relative address in the processing is set.
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R52522 enclosed in a single-dotted line in the flowchart shown in Fig. 30.
In the processes carried out at the steps S52805 and 552806, data of
arrays on a simultaneous occurrence probability matrix is created and,
pixels of an unidentified object are identified on the basis of an
image-flag bitmap data area 52104 made from the created data. When
the process carried out at the step 552806 is completed, the flow of the
processing #&presefitedIBithist HeweHEYBEs BnIs Brstep S5280Fatthe
which the counter variable i is incremented by 1. Then, the flow of the
ProEsssimtfepreddifted by tHiS fRTRh&A GHES akkk 16 the sTP552803 R
&%%%:e a result of determination as to, whether qr not a relative Fgfsition
unc

ioh 511 eES IFthe YeterfinatioTesait piddifced’in the ploceeshart

C rr‘imgerg o%t q:l :ghe sg%;) SSggogki]rédic%tg% é@"’g tge relative CE)osition func%ign
%%33 exis%s, the flow of the processiﬁg represgnte%%li/rtjrﬁes roCWEhaarftgg 3

ondpthe -siep552804.al which the relative position function 3(3) is;set. . ..
2 2§§7 aré c s%i

Thereafter, the processes of thé steps S52805 to Sb carried out.

Hthe determination kesult; p %&%@i@;ﬂaesprefgg%%%"igg@,utg&%@t_eaf

552803 indicates that the relative position function 5(i)does 102 not exist,
on the ptkerhand: dhe resaltiof dhe determinatiuuisdnterpretethasa of an

determination result
image-flag bitmap data area 52104 made from the created
data.

When the process carried out at the step $52806 is
completed, the flow of the processing represented by this
fiowchart goes on to a step S528(07 at which the counter
variable 1 is incremented by 1. Then, the flow of the
processing represented by this flowchart goes back to the
step 3552803 to produce a result of determination as to
whether or not a relative position function &(i) exists.
If the determination result produced in the process
carried out at the step 852803 indicates that the
relative positicon function &(i) exists, the flow of the
processing represented by this flowchart goes on to the
step S52804 at which the relative position function & (i)
is set. Thereafter, the processes of the steps S$52805 to
852807 are carried out. If the determination result
produced in the process carried out at the step $52803

indicates that the relative position funcition &{i)does
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indicating that the processing for all the relative position functions 6(i) has
been completed. In this case, the flow of the processing represented by
this flowchart goes on to a step S52808. At the step S52808, all i
image-flag bitmaps obtained for the relative position functions 5(i)are
integrated. The process of the step S52808 is carried out typically by
taking a logical product of every bit in all the image-flag bit maps or taking
N8 sufivéfevery bit Hh<alPthesmabgifag bithaps and eofifparify each sum

with a proper threshold value in order to give a resultant flag. By carrying

OGRS PHECeS8ing; the EXRIEHEE 61 arf Unfleh GRS BbRE £5% beesult
.determined with a high degree of precision. Then, at the next ste
TR0 0 OB RIMAIEE oF SRS SERED o1 Hetarehi W Be L ve

identifie ject. exists.are,c uted. Finally, at the last step 552810
e o S eE e e B i By o heiashat s BRdgd 5=

+He desgringiongiven aBovesis;symmarized.as follows, The Corey o, oha vt

component of the image-processing apparatus 52001 according to the
sembodimen is,as1@3 micregomputer operating by execution of software.

When an input still image is supplied to the image-

At the step 552808, all i image~flag bitmaps
obtained for the relative position functions d(i)are
integrated. The process of the step S$S52808 is carried out
typically by taking a logical product of every bit in all
the image-flag bit maps or taking a sum of every bit in
all the image-flag bit maps and comparing each sum with a
proper thresheld value in order to give a resultant flag.
By carrying out this processing, the existence of an
unidentified object can be determined with a2 high degree
of precision.

Then, at the next step £52809, the coordinates of
the center of the area in which the unidentified obiject
exlsts are computed. Finally, at the last step $52810,
the execution of the processing represented by this
flowchart is ended.

The description given above 1s summarized as
follows.

The core component of the image-processing

apparatus 52001 accerding to the embodiment is a
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processing apparatus 52001, the image is stored in the input-image
bitmap data area 52102 of the RAM 5205. Later on, array data is created
in the simultaneous occurrence probability matrix array data area 52103
by adoption of an algorithm based on a simultaneous occurrence
probability matrix. Then, a threshold value is computed from the created
array data. An image pixel corresponding to a matrix element having an
TarrdyElefiaht @buRP Safisfyity the cotifrtidd thresHold valuesise -
determined to be a pixel of the background of the input still image.
SubseqUBHY, fHe refdiie atidréds OftRE fmage PHRP Coireshonting tbBage-
matrix element having an array-element count satisfying the computed
ARSEROREUSUEHE Foadl S0t rom the arfls doE A he AT SlemEnt e

iﬁ{%‘%@%ﬁé%eglé'agﬂ@%gffgé% éheaiﬁgeaaqeéfﬁ%*i“@ bdata gige S2l0d as,a .,

ag at ative address’is set. By carfying out thé processing

Sescribed abgve,.on the basis.of aiﬂmyﬂgn%%%%%%@wg probapility, ..

matrix generated from an input still image, it Is possible to distinguish the

ghackground:f the image andpartsather; than the-backgroune frem gach ¢

other. 10: Eighth Embodiment Next, the eighth embodiment of the present
sH04ingentiothis explainedFig. 34 isa diagen showing-actypical still

image taken by an image taking camera 5202.

probability matrix. Then, a threshold value is computed
from the created array data. An image pixel corresponding
to a matrix element having an array-element count
satisfying the computed threshold value is determined to
be a2 pixel of the background of the input still image.
Subsequently, the relative address of the image pixel
corresponding te a matrix element having an array-element
count satisfying the computed threshold value is read out
from the array data for the matrix element, whereas the
flag included in the image-flag bitmap data area 52104 zas
a flag at the relative address is set.

By carrying out the processing described above, on
the basis of a simultaneous occurrence probability matrix
generated from an input still image, it is possible to
distinguish the background of the image and parts other
than the background from each other,.

10: Eighth Embodiment

Next, the eighth embodiment of the present
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The reader is requested to compare this typical still image with the image
shown in Fig. 27A. The image shown in Fig. 27A includes a part serving
as an unidentified object 5304 while the typical still image shown in Fig.
34 includes a shore 52902 and a light tower 52903 built on the shore
52902. Even though each of the shore 52902 and the light tower 52903 is
obviously not an unidentified object, it is quite within the bounds of
LSBT thALS b§&eibpiBR Bf thé Hthnitfleldtcordiag dvake Shawing 2
embodiment as it is, the shore 52902 and the light tower 52903 will be
L iistakenty re@sfiizedPaS A uhidéntifiBa Thid@ <FhiE iSPBEAFse> P2 -
comparison with the whole ima}ge, the size of the area occupied by each

of the SHOTE 55505 Hnd he TGHCOMET 52003 75 SR s (it chdH of e
Sgh.quﬁ 5%%02 anvg.t e Iiigﬁl‘teto.vver 52903 i‘gnnotrrlegpi nizeéjﬂs a

[

a 1 image s % . . The image
bac grounog.éfn order to solve ?]%S propiem, It IS necessary fo calry Ouliﬂag

JHOGESS I remove objegts sachlo he nggsﬁke@_é&ﬁ%?ﬁgrgéedags an

unidentified object from objects of the processing to create a

usinultaneeusaceliience prebabjlity matrx in adyance: Fig. 35A IS 2. 4

block diagram showing the entire image-processing apparatus 53001
seesending to the eghth -LOb embodiment rEnesimAage-pIREessSiNgght tower

apparatus 53001 shown in Fig. 35A is all but identical with the
SEEQe-processing the shore 52902. Even though each of the
shore 52502 and the light tower 52903 is obviously not an
unidentified object, it 1s quite within the bounds of
possibility that, by adeption of the technique according
to the sixth embodiment as it is, the shore 52902 and the
light tower 52903 will be each mistakenly recognized as
an unidentified object., This is because, in comparison
with the whole image, the size of the area occupied by
each of the shore 52802 and the light tower 52903 is
small so that each of the shore 52902 and the light tower
52903 1s not recognized as a background. In order to
solve this problem, it is necessary to carry out a
process to remove objects each to be mistakenly
recognized as an unidentified object from objects of the
processing toe create a simultaneous occurrence
probability matrix in advance.

Fig. 35A is a block diagram showing the entire

image-processing apparatus 53001 according to the eighth
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apparatus 52001 according to the sixth embodiment shown in Fig. 25.

Some components shown in Fig. 35A as components of the

image-processing apparatus 53001 have the same functions as their

counterparts employed in the image-processing apparatus 52001 shown

in Fig. 25. The components having the same functions as their

counterparts are denoted by the same reference numerals as the
cEiftefpais-and ffe dotREGNEHIS FabihgtHe 38RRT Airctions @8 theipown in

c,ounte%r arts are not explained in  detail in the following description. Prior

FioSexetution of fetmBittprod&8sing 2on the-Basiiof G 85EPSL SRR 179
i taken i hot hi ion, the | - [ .
e e st

o
para accordingto this'embo alries OUCE

s§ude spedial s in e SHLimase nadyange om obleets subjected

ocessing to recognize an unidentified object.’In order to exclude

SPesial areas in t'&%@“'hkﬂ@ﬂ@é@ﬁ?&’@%& from.ghjects subjected o the,

processing to recognize an unidentified object, the image-processing

-aRpasats 53004+is designeddynewly adding gorecessing-ateassetting ne
section 53002, a display section 53003 and an input section 53004 to the

image- processngrappasais 200 15cconding tatheisixthik6 25. The
embodiment shown in Fig. 25. The display section 53003 is the LCD unit
dompeonents having the same functions as their
counterparts are denoted by the same reference numerals
as the counterparts and the components having the same
functions as their counterparts are not explained in
detail in the following description.

Priocr tc execution of the main processing, on the
basis of the data of a still image taken in a
photeographing operation, the image-processing apparatus
23001 according to this embodiment carries ocut a process
to exclude special areas in the gtill image in advance
from objects subjected to the processing to recognize an
unidentified object. In order to exclude special areas in
the still image in advance from objects subjected to the
processing to recognize an unidentified object, the
image-processing apparatus 53001 is designed by newly
adding a processing-area setting section 53002, a display
section 53003 and an input section 53004 to the image-

processing apparatus 52001 according to the sixth
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related art whereas the input section 53004 is the mouse in related art.
On the basis of a processing result output by an pixel determination
section 53014, the processing-area setting section 53002 places an area
looking like the area of an unidentified object on the image held in the
image holding section 5212, displaying the area looking like the area of
an unidentified object and the image to the display section 53003. Then,
SfRRATSEl per&tBs e JRpdtisecti®n 53004 in order to specify an area
displayed on the display section 53003 in a state of overlapping a_still

image alSo appedring forrthe diShlay S8&tor 5300 akdn aehtoe

exclude .Thhe processing-area setting section 530 ts the area to be
o el Lol e

igti]exaergggigxggggq from a process carried out by the
characteristic-quantity computation section 53013 to compute a

simultangousrecaurrence probability matix, |0 the case of the.typical still

image shown in Fig. 34, the processing-area setting section 53002 sets

dhecareas:ef the shere52902-and theslight Jowena2903,pdbe i ng-area

characteristic-quantity computation section 53013 as 107 areas to be
sexctuded tem:a process cariededtdyathea eharatietistierguantly the
computation section 53013 to

area 0f an unidentified obiject on the image held in the
image holding section 5212, displaving the area looking
like the area of an unidentified cbiect and the image to
the display section 53003. Then, the user operates the
input section 53004 in order to specify an area displaved
on the display section 530032 in a state of overlapping a
still image also appearing on the display section 53003
as an area to be exciuded.

The processing-area setting seciion 53002 sets the
area to be excluded in the characteristic-guantity
computation section 53013 so that the area is excluded
from a process carried out by the characteristic-quantity
computation section 53013 to compute a simultaneous
occurrence prcobability matrix.

In the case of the typical still image shown in Filg.
24, the processing-area setting section 53002 sets the
areas of the shore L2902 and the light tower 529032 in the

characteristic-guantity computation section 53013 as
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compute a simultaneous occurrence probability matrix. The
characteristic-quantity computation section 53013 does not carry out the
process to compute a simultaneous occurrence probability matrix on
image pixels corresponding to the areas to be excluded. That is to say,
the characteristic-quantity computation section 53013 forcibly handles the
areas to be excluded from gc(%rocess carried out by the

e SctefistiEqGantity CBmputaiore sBERIFSS0123 18 e8mptite-aly the

Cj_limultaneous gqcuIrencetﬁftobabil%mgtrix, as areas in the ggélggsroy"nd.
ANt E mrbod et Niext “the HRRBribdditheRt 6f the prasgnt” &°
invention is explained, Fig. 35B is a block dia @r%ggg\yilng the entire

ma Lé-pro%es“?slng ap%gr@a us 53011 5&*’?&8%9 6 the ninth embodiment. <

e Image-pracessigg apparatus 33011 showp in Fig, 398 issall Buty . o

identical with the Image-processing apparatus 53001 according to the

reighthgmbodiment shownindzig. 33A.Sefpe components shoyw, inFig.

35B as components of the image-processing apparatus 53011 have the

same unetiony asthelr courterparis:employed iy the, imager-processing
apparatus 53001 shown in Fig. 35A. The components having the same

dunctionscasithely 108 counterpars are deaoteddy.thesamereferencero say,
numerals as the counterparts and the components having the same

the characteristic-guantity computation section 53013
forcibly handles the areas to be excluded from a process
carried out by the characteristic-quantity computation
section 53013 to compute a simultaneocus occurrence
probability matrix as areas in the background.

11: Ninth Embodiment

Next, the ninth embodiment of the present invention
is explained.

Flig. 35B is a block diagram showing the entire
image-processing apparatus 53011 according to the ninth
embodiment. The image-processing apparatus 53011 shown in
Fig. 35B is all but identical with the ilmage-processing
apparatus 53001 according to the eighth embodiment shown
in Fig. 35AR. Some components shown in Fig. 35B as
components of the image-processing apparatus 53011 have
the same functions as thelir counterparts employed in the
image-processing apparatus 53001 shown in Fig. 352. The

components having the same functions as their
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functions as their counterparts are not explained in detail in the following
description. Much like the image-processing apparatus 53001 shown in
Fig. 35A, prior to execution of the main processing, on the basis of the
data of a still image taken in a photographing operation, the
image-processing apparatus 53011 according to this embodiment carries
out a process to exclude special areas in the still image in advance from
GBS SHbfeced o the Prodessiny ot Recagale diftfmshtifed oBjese s

The image-processing, apparatus 53011 according to the ninth
i QHmERt I CHAEH TG ihe IHage:BroCesing dhpaidtds E3B0gme

a
embodimeén

rding to the eighth. embodiment in that the image- processin .
A L e e A i oiR, &

dmage sosthat the aperatqr does ot need.to specify such an area. For

this reason, the image-processing apparatus 53011 does not have the

display sggtien 53003 and the,input seetion:53004, which- are employed

in the image-processing apparatus 53001 according to the eighth
emahediment shown in Figs 858y It @ddition, a precessingrarea:setting

section 53002 is also connected to the pixel-set determination section
3035 sFhe processirigeateassetting sectioncb3002egards3a. 10% mage
processing result received from the pixel-set determination section 53015
asl@marga to dhexclgdedbhing operation, the image-processing
apparatus 53011 according to this embodiment carries out
a process to exclude special areas in the still image in
advance from objects subjected to the processing to
recognize an unidentified object. The image-processing
apparatus 53011 according to the ninth embodiment is
different from the image-processing apparatus 53001
according to the eighth embodiment in that the image-
processing apparatus 53011 automatically sets an area to
be excluded from a still image so that the operator does
not need to specify such an area. For this reason, the
image-processing apparatus 53011 does not have the
display section 53003 and the input section 53004, which
are employved in the image-processing apparatus 53001
according to the eighth embodiment shown in Fig. 3B8A. In
addition, a processing-area setting section 53002 is also
connected to the pixel-set determination section 53015.

The processing-area setting section 53002 regards a
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from a process carried out by the characteristic-quantity computation
section 53013 to compute a simultaneous occurrence probability matrix
and sets the area in the characteristic-quantity computation section
53013. The characteristic-quantity computation section 53013 excludes
the area from a process carried out by the characteristic-quantity
computation section 53013 to compute a simultaneous occurrence
rOEAGIRy HafixSThE im8ge-précessirffapparambirtorditg to the first,
cf,econd,,third,, fourth, fifth, sixth, seventh, eighth and ninth embodiments
He'strBad 46 12 are® pariiiatty ‘SuttaBle BF moFRBrinG aRerkitERHERT

1aving.a single background such as a sea as explained earlier by .
%%Fr?r?g Foré’%%.si7§d Hric Zlg.'l%lj ,Fﬁymghﬁ SASRE RS magetakiAgant ity

Samereds aterleg as o begqapable ol monitorng aide fange, Hio

36A is a diagram showing an external ﬁe?maé -‘faklng camera

5202.employed jn.the.embp i%Dé%iE%é&%é@ﬁ'%@@@%ﬁ@%@

a combination of the image taking camera 5202 shown in Fig.

dhe imagexprocessing ApParAUS 520L As shown in-Fig, 364z ihejimage
taking camera 5202 is mounted on a slewing gear apparatus 53102 so as

to 110 mmake theaimage-takingicamerab202.capahis efrponitoring-a wide
range.

53013 excludes the area from a process carried out by the
characteristic-quantity computation section 53013 to
compute a simultaneous occurrence probability matrix.

The image-processing apparatus according to the
first, second, third, fourth, fifth, sixzth, seventh,
eighth and ninth embodiments described so far are
particularly suitable for monitoring an environment
having a single background such as a sea as explained
earlier by referring to Figs. 272 and 24. Thus, in many
cases, the image taking camerz is rotated so as tc be
capable of monitoring a wide range.

Fig. 362 is a diagram showing an external view of
the image-taking camera 5202 emploved in the embodiments.
Fig. 36B is a block diagram showing a combination of the
image taking camera 5202 shown in Fig. 36A and the image-
processing apparatus 5201,

As shown in Fig. 36A, the image taking camera 5202

is mounted on a slewing gear apparatus 53102 so as to
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As shown in Fig. 36B, a motor 53103 is linked to the internal portion of
the image taking camera 5202 by a shaft 53104 through an angle
detection section 53105, which is driven into rotation along with the image
taking camera 5202. The angle detection section 53105 is typically a
tachometer generator adopting an optical detection technique, a magnetic
detection technique or_the like. A detection signal generated by the angle

THtBCtidit sEEAGHT 5526538 £EGRdIFepretenfid teiotaforigis Crithe @

imcrflege taking camera 5202 is supplied to a bus 5106 employed in a
W1 ran . . . . .
mlcrocomguter serving as the image processing apparatus 5201. In this

way, a still image generated by.the image taking ¢ a 5202 can b
stored itr%sa ﬁ%%f’?%&é‘ e?qnlp(i{o'ye%l%g"théa1 ir%nggeqﬁgo%ae@g%g‘aspp%&%%g o

2201 and the,pr 8§%iﬂgzgeéﬁrilﬁ%%b%fﬂéeg%a’%Qﬁfﬁ?{%&é@:svgr 02 by a

rotation angle determined in advance as a rotation of the image taking

gamerasn20% In the,case gtthe gighth andinth emhediments, 2 grea

to be excluded from a process carried out by the characteristic-quantity
weomputation seetian 53813 - €ampuie a BHAYIANEOYSIQCSURERGR taking

probability matrix is set every rotation angle cited above as the rotation ill
cangle of HEimagd taking: gamerse 5202 Typicat mplementations: s
described below can each be

typically a tachometer generator adopting an optical
detection technigue, a magnetic detection technigue or
the like.

A detection signal generated by the angle detection
section 53105 as a signal representing the rotation angle
of the image taking camera 5202 is supplied to a bus 5106
employed in a microcomputer serving as the image-
processing apparatus 5201. In this way, a still image
generated by the image taking camera 5202 can be stored
in a RAM 5105 employed in the image-processing apparatus
5201 and the processing described before can be carried
out every rotation angle determined in advance as a
rotation of the image taking camera 5202.

In the case 0of the =ighth and ninth embodiments, an
area to be excluded from a process carried out by the
characteristic-guantity computation section 53013 to
compute a simultaneous cccurrence probability matrix is

set every rotation angle cited above as the rotation
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conceived as a substitute for any of the embodiments described above.
() : The microcomputer is replaced with a PLD (Programmable Logic
Device). (2) : In the first, second and third embodiments, it is possible to
add an exclusion process to exclude a background portion included in an
image as a portion easy to mistakenly recognize as an unidentified object
frorgJ the processing to compute characteristic quantities. (3): The

#RtFes provided By #e first SEEoRa iR, fotth: fifth, sixth, seventh,

eighth apd ninth .embo
Typical” imp entatigns F C &LOW each be
prOCGSSIHE apparatus: Inthis case, flag values computed “in accordance

uith-the fegtures of (e fitst {Q, pinth c?f‘ %%%mg%tst%setheen%aé‘élﬁ%r%f flags
each provided for an image portion of an input image are multiplie
degically, by each ather or subjected to an addition process to yield a
resultant value to be compared with a threshold value in order to produce

a result of:detenmination asdemphether exnotam unidentifiad.ohjeet gxists

in the input still image. (4): An area selected by the processing-area
Setting-secininl=3002; the display=section 53003 and the 112 input

section 53004 in the case of the eighth embodiment or by the
processing-ared setting Section 53082dmcaserd third embodiments, it

Iglglents can all bedm Ierrg%%tgdgn one wgaage-

is possible to add an exclusion process to exclude a
background portion included in an image as a portion easy
to mistakenly reccognize as an unidentified object from
the processing to compute characteristic guantities.

(3): The features provided by the first, second,
third, fourth, fifth, sixth, seventh, eighth and ninth
embediments can all be implemented in one image-
processing apparatus. In this case, flag values computed
in accordance with the features of the first to ninth
embodiments as the values of flags each provided for an
image portion of an input image are multiplied logically
by each other or subjected to an addition process to
yield a resultant value to be compared with a threshold
value in order to produce a result of determination as to
whether or not an unidentified object exists in the input
still image.

(4): An area selected by the processing~area
setting section 53002, the display section 53003 and the
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of the ninth embodiment as an area to be excluded from a process

carried out by the characteristic-quantity computation section 53013 to
compute a simultaneous occurrence probability matrix is set in the
characteristic-quantity computation section 53013. However, the area to
be excluded can also be set in the pixel-set determination section 53015
.in case of the eighth embaodiment or the characteristic-quantity ‘
*O8putitich s8ttiorr 83013 h Eie GFARE nitlth RfbotiABAR tEGRRAMESNT
~Same effects. That is to say, the area 1 be excluqce.d is fg@ézd asa_
bagil%round 5Ad ﬁgéss %Po?eg i iné ‘ia’maglen-ﬁags %ﬁm%%nda a 52164 35
e s, of the ar, reset. (5): In the layout shown, in Fig. 26 as
o:ﬁetlffgomﬁolé? t‘eﬁe%égﬁﬁgﬁ%%s%hg ﬁnégle Si%?r%gp %éta%) gre%xggl%{eagn fhe" ©

dmagesflaghitmap flata area, 52104 are separated from each ather,

However, the image bitmap data area 52102 and the image-flag bitmap

daiparea 3404 £an adsp be combined-tonformea single aeds Fohy s
example, for every pixel of an image, a data structure can be created as a

ceinictureninelugding-the ; luminanee:tlevel and flag-ofithepixel. With such a
structure, an absolute address of the pixel can be stored 113 in direct

carsaypdar5230ilc Thusrthetrelativeraddeesso compatation [frdcess.is not
necessary.

However, the area to be excluded can alsc be set in the

pixel-set determination section 53015 in case of the
eighth embodiment or the characteristic-quantity

computation section 53013 in case of the ninth embodiment

.to give the same effects. That is to say, the area to be

excluded is handled as a background and flags stored in
the image-flag bitmap data area 52104 as the flags of the
area are thus reset.

{(5): In the layout shown in Fig. 26 as the lavout
of the RAM 5205, the image bitmap data area 52102 and the
image-flag bitmap data area 52104 are separated from each
cther. However, the image bitmap data area 52102 and the
image-flag bitmap data area 52104 can alsoc be combined to
form a single area.

For example, for every pixel of an image, a data
structure can be created as a structure including the
luminance level and flag of the pixel. With such a
structure, an absolute address of the pixel can be stored
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(6): There are a variety of conceivable techniques for structuring a
simultaneous occurrence probability matrix to be stored in the
simultaneous occurrence probability matrix array data area 52103. For
example, one of the techniques is implemented by making use of an
associative array, which is realized in a technique for C creating a
relational database or a technﬁi%%e making use of perl or the like as the

iRtePpreteriangidge Processit systedt {7y Bakicaliy the procatdife fors

C%%ﬁg@lmcnggogonzontal image %%I’%IOI’]S of a still image can be selected

rarﬁly in"accordance with the imeﬁ;%c.:?tsig’ Sd€al however to automate

the proseqre er deteriining hyrzont) maos pAONs A1 A SULINAYE e

Thus, it is possible to adopt a conceivable technique he

Clystgring technology.is applied gqlg@@tls%we%&@émﬁ%ﬂ%ﬁﬁ%w

of the fifth embodiment explained earlier. Then, as a plurality of similar

nhorizontal areas are recoanizedha horizental jrmage; pedion.covering the
similar areas is determined. In this embodiment, by reducing the size of a

thorlzental image porion ehiainedas-a resuiof the lusteripg techngloay,
as a portion covering similar areas, 114 we can expect that it is possible to
anake the:herizontaindividisg fime coiptidearittethesearkarizon. This of an
means

assocliative array, which is realized in a technigue for
creating a relational database or a technigue making use
of perl cr the like as the interpreter language
processing system.

(7): Basically, the procedure for determining
horizontal image portions of a still image can be
selected arbitrarily in accerdance with the image. It is
ideal however to automate the procedure for determining
horizontal image portions of a still image. Thus, it is
possible to adopt a conceivable technique by which, the
clustering technology is applied to the entire input
still image in the case of the fifth embodiment explained
earlier. Then, as a plurality of similar horizontal areas
are recognized, a horizontal image portion covering the
similar areas 1s determined.

In this embodiment, by reducing the size of a
horizontal image portion obtained as & result of the

clustering technology as a portion covering similar areas,
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that the number of objects each recognized as a background in the
horizontal image portion can be reduced. Thus, an increased background
recognition rate can be expected. In the embodiments described above,
an unidentified object different from the background of a still image can

be detected from the image, which is uniform in the horizontal direction

but varies in the vertical direction. An example of such an image is a
Bicfife takENTrom o Fémote bEalioH &8 e picturd@dr 8 ratGrab Séeréty ta 1
O1'I'.he &echni ues provided.?y the.ergbo%iments a&sj techniques to detect an
Unid&nttied objct ditsteht o the bASkgTSEnd of & §fitimade FromT 'S

Jmage are dlﬁ%r}ggtr f%)fn g]loe.tec ni ugcqlased on the te@%oslo%y in related

art as a technigue of compa?r?n% the preserﬁelr%% e With an image

Jmmediately preceding the present image. In acgordance the techniques, . .4

provided by the embodiments, an unidentified object different from the

thackgreund; of a- stk image cap e detected from theimags:by making.

use of the present still image. Thus, the embodiments are specially
Sutlabtestor a monitoring configuration in which the image taking camera is

- mounted on a slewing gear base in a state of allowing the camera to be
rotated 115 irhtheselbekiviserand chuntercloekwisedlirectians overd@ntified
horizontal plane.

object different from the background of a still image can
be detected from the image, which is uniferm in the
horizontal direction but varies in the vertical direction.
An exampie of such an image is a picture taken from a
remcte location as the picture of a natural scenery. The
technigues provided by the embodiments as technigques to
detect an unidentified object different from the
background of a still image from the image are different
from the technigue based on the technology in related art
as a technigue of comparing the present image with an
image immediately preceding the present image. In
accordance the technigques provided by the embodiments, an
unidentified object different from the background of a
still image can be detected from the image by making use
of the present still image. Thus, the embodiments are
specially suitable for a monitoring configuration in
which the image taking camera is mounted on a slewing

gear base in a state of allowing the camera to be rotated
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The embodiments adopt a variety of methods of recognizing an
unidentified object existing in horizontal image portions. With such
embodiments, a sea, the sky or the like can each be recognized as a
background having a constant characteristic even if the sea, the sky or
the like moves due to natural phenomena. The range of backgrounds
includes a background moving due to a natural phenomenon. Thus, by

‘Makif§ uSe Bt the ffiagePreedsRing apparatlisSiccotdiRg td ties over a

embodimen:t[s inqconé'unction with an image taking camera, it is possible to
horléonta I? ane. . ) . > .
provide a” moniforing 'system in which, in comparison with the technology

in related.art, su a sea,_the sky or the like can be well
%gg ﬁﬁgggg%%ﬁ?s ggo T %.va_ é%%pﬁ% met%ogs fN

recognized without mistakenly recognizing natur enomena Such as

Mavesof the-sesand clouds jn-thessky as.an upideptified object, The, .,

embodiments of the present invention have been described. However,

the seope ot thenpresept investion ishyHoimeanslimieddathe.ne siy or
embodiments. In other words, it is needless to say that other modified

siessions:ef then embadimentscanstetheeimplementations can-he nghided =
in the scope of the embodiments as long as the other modified versions
amdstheothehimplementations dewat 116 devatedromdesceptionsrindhe
claim chapter and the specifications of the present invention.

like moves due to natural phencmena. The range of
backgrounds includes a background moving due to a natural
phenomenon.

Thus, by making use of the image-processing
apparatus according to the embodiments in conjunction
with an image taking camera, it i1s possible to provide a
monitoring system in which, in comparison with the
technology in related art, a background such as a sea,
the sky or the like can be well recognized without
mistakenly recognizing natural phenomena such as waves of
the sea and clouds in the sky as an unidentified cbject.

The embodiments of the present invention have been
described. FHowever, the scope of the present invention is
by no means limited to the embodiments. In other words,
it is needless to say that other modified versions of the
embodiments and other implementations can be included in
the scope of the embodiments as long as the other

modified versions and the other implementations do not
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In addition, it should be understood by those skilled in the art that a
variety of modifications, combinations, sub-combinations and alterations
may occur in dependence on designs and other factors insofar as they
are within the scope of the appended claims or the equivalents thereof.
117 WHAT IS CLAIMED IS: 1. An image-processing apparatus
comprising: an image holding section configured to store an input image;
dniinfge diviibrisedibniionfigiretito diidé saidirpit Rhade stefed i
said i ge ftloldinsg sefctiog into agpluralit of image portions having the
Ehiedize anthe SambEhaBs ™5 Sharacterglic-tuantity computation
section confiqred fo gompute.a characlerisiic quanity of each  ofsaid
image portions generatéd by saldolmage division: s&¢ ion: and a différence
computation, sectiongonfigyred to carry out a differenge-campytation
process of computing a difference betweer said characteristic quantity
compuied nsaid sharactenisticaquantity compytation sectign.ag the ooy y
characteristic quantity of each individual one of said image portions
gengeaied dyrsaid inage divisien segtion aad arpiue determingdiin - s
advance as well as a
they are within the scope of the appended claims or the

equivaients thereof.
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determination process of producing a result of determination as to
whether or not said individual image portion is a portion of a background
of said input image on the basis of said difference. 2. The
image-processing apparatus according to claim 1 wherein said value
determined in advance is the 118 characteristic quantity of a sample
selected from said background. 3. The image-processing apparatus
Y’Q&%grd}rﬁg to-/efaifie £6r 2, wherein said value determined in advance is
an average value of said characteristic quantities of all said image
portions g()mﬁgéiﬁljn@%ﬁ_iﬁﬁﬁ image 4. TP mi&gefroc8eEing Spparatus
according Jlo ;any one 8& Ig}lms % et% gi%%ergicpn differ%réce in satid
charactefistic Gaantity “between any two of said image portions 18
£9 t%jﬂg};é),rder to produce a result of determination as to whether or

not said two image portions are similar to each other, a grouping process
based on, saidregults;of, determination,is carried-Qut 0n.Sid IMAGe 5 4e said
portions generated by said image division section in order to generate
oreuRs eachyeorsistingiofisimiar inage-pertigns, andeach-individual epe ;

of said groups each consisting of similar image portions is examined in
olderddiprodude image portions having the same size and the

re an

same shape;

a characteristic-guantity computation section
configured to compute a characteristic guantity of each
of said image portions generated by said image divisgion
section; and

a difference computation section configured to
carry out a difference computation process of computing a
difference between sald characteristic quantity computed
by said characteristic-~quantiiy computation section as
the characteristic guantity of each individual one cf
said image portions generated by said image division
section and a value determined in advance as well as a
determination process ¢f producing a result of
determination as to whether or not said individual image
portion is a pertion of a background of said input image
cn the basis of said difference.

2. The image-processing apparatus according to
claim 1 wherein said value determined in advance is the
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a result of determination as to whether or not said individual group is a
group of similar image portions composing said background. 5. The
image-processing apparatus according to any one of claims 1 to 4
wherein said image division section includes 119 a horizontal image
division section configured to divide said input image into a plurality of
horizontal image portions, and a small image division section configured
TS ARAR" @AER b SadMTeHZohtal fhage portiohs generstedbyigme said
horizontal image division section into a plurality of small image portions
RaGHgThRE84me size and the same shape wherein said difference
computati%n_ se Een carries out said dlfference-comgutation rocess and

said determination process on sach ntiAdUH BREof Said SHiiAge"©
gggt'qg gf—.\nggatgd t{}/ séaé'%_sgaélaim g‘efaciiylisio se@ctiz%mqb aking Jise of
dﬁv ned” 3 ¥ said horzontal imagé - o <€

said value determined in advance for one o mage

peortigns generated by said horizontal image, division, §%%“°c£h%%@i ties of

horizontal image portion that includes said individual small image portion.

$: The image-processing-apparatlisResording o any:one.of claims.1 to 5,
said image-processing apparatus

4. The image-processing apparatus according to
any one of claims 1 to 3 wherein

a difference in said characteristic guantity
between any two of said image portions is computed in
order to produce a result of determination as to whether
or not said two image porticns are similar to each other,

a groupling process based on said results of
determination is carried out on said image portions
generated by said image division section in order to
generate groups each consisting of similar image portions,
and

each individual cone of said groups each consisting
of similar image portions is examined in order to produce
a result of determination as to whether or not said
individual group is a group of similar image portions
composing said background.

5. The image-processing apparatus according to
any one of claims 1 to 4

wherein said image division section includes
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further comprising: an image-portion flag holding section configured to
store results of said determination processes carried out repeatedly; and
an unidentified-object movement distance/direction computation section
configured to compute the distance 120 and direction of a movement
made by an unidentified object by comparing a plurality of results stored

in said image-portion flag holding section as said results of said
determinating precesses catked odtatidifferentdimiess . Anfigured to
image-processing method comprising the steps of: dividing an input
driragednte:a. plurality of image portionshaving thei sgme Sizecand: theza 1
same shape; computing a characteristic quantity of each of said image
ipsraen$ gaieranst) aggegd image division step; computing a difference
between said characteristic quantity computed at said
charactefisEEgLantf2 e6mpuiativhSteF &6 theoharapterste gttty df vide
each individual one of said image portions generated at said image

GiSion stEF ard BvaGe Yetfermifiedh fRAhLET andHetemtiffigey said

whether or ?Ot said individyal image_portion is a portion of a background
otsaftPinpltimage = “+V+s+on section 1nto a piuraiity ot

small image portions having the same size and the same
shape

wherein saild difference computation section carries
out saild difference-computation process and said
determination process on each individual one of said
small image portions generated by said small image
division section by making use of said value determined
in advance for one of said horizontal image portions
generated by said horizontal iﬁage division section as a
horizontal image portion that includes saild individual
small image portion.

6. The image-processing apparatus according to
any one of claims 1 to 5, said image-processing apparatus
further comprising:

an image-portiocn flag holding section configured to
store results of saild determination processes carried out
repeatedly; and

an unidentified-cbject movement distance/direction
computation section configured to compute the distance
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on the basis of said difference computed at said difference computation
step. 8. An image-processing program comprising: an image division
function configured to divide an input image into a plurality of image
portions having the same size and the same shape; 121 a
characteristic-quantity computation function configured to compute a
characteristic quantity of each of said image portions generated by said

dmageidivsioncfunstion; adiffierense gamputation fungtioncenfigyred to
compute a difference between said characteristic quantity computed by
Saic:charagteristipwiantity=computation fuadionsasithescharactedstic, said
quantity of each individual one of said image portions generated by said
image divisiohdundtioncanda dahe determined &% agvadcesand as of
determination function configured to produce a result of determination as

16 whethéresiriotsaid individdakiftsyeqsotticre i @portioh ofiaf ferent
background of said input image on the basis of said difference computed

d difference computation function. 9. An image-processing

apparatus com]grisi,ng: an image holding section configured to store an
input image; n lmage-processing method comprising the

steps of:

dividing an input Image intec a plurality of image
portions having the same size and the same shape;

computing a characteristic quantity of each of said
image portions generated at said image division step;

computing a difference between said characteristic
gquantity computed at said characteristic~-guantity
computation step as the characteristic quantity of each
individual one of said image portions generated at said
image division step and a value determined in advance;
and

determining whether or not said individual image
portion i1s a portion of a background of said input image
on the basis of said difference computed at said
difference computation step.

8. An image-processing program comprising:

an image division function configured to divide an
input image into a plurality of image portions having the
same size and the same shape;
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a horizontal image division section configured to divide said input image
stored in said image holding section into a plurality of horizontal image
portions; and an image-portion determination section configured to
produce a result of determination as to whether an 122 unidentified object
exists or does not exist for each of said horizontal image portions
generated by said horizontal image division section. 10. The
image-procassingcappaiatus@cgoeding toy ctadmB:whelein saithction
image-portion determination section including: a small image division
sacliopwonfighedtomdivitde eachefrsaid horzorital imagetporions each
generated by said horizontal image division section into a plurality of
oSéalk irfag@ peRioRs Hiavmethesariea Size and thé samenafgpely ision
characteristic-quantity computation section configured to compute a
THfracteRstic quantity of each of said small image portions generated by
said small image dividing section; and a difference computftion section

configur8d 16y dtita difSFahca corrpUtaiin pricess Bt c8Mptiing &
R Lo e LA AU R B oncscy
computed by saild characteristic-guantity computation
function as the characteristic guantity of esch
.individual one of saild image portions generated by said
image division function and a value determined in
advance; and

a2 determination function configured to produce a
result of determination as to whether or not said
individual image portion is a portion of a background of
said input image on the basis of said difference computed
by said difference computation function.

9. An image-processing apparatus comprising:

an image holding section configured to store an
input image;

a horizontal image division section configured to
divide said input image steored in said image hcelding
section into a plurality of horizontal image portions;
and

an image-portion determination section configured

to produce a result of determination as to whether an
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the characteristic quantity of each individual one of said small image
portions generated by said small image division section and the
characteristic quantity of a sample selected from a background of said
input image as well as a determination process of producing a result of
determination as to whether or not said individual small 123 image portion
is a portion of said background of said input image on the basis of said
uhffetente.f1kd hebiage-processing apparstus: accardingrtof claims Sroro £
10 wherein said image-portion determination section including: a small
Simagetivisionseetion vanfigured 16 divide eachaf sdidhorizohtal image
portions generated by said horizontal image division section into a
AR o small g gE pHEfor haAs fhe'same size and the same
shape; a characteristic-quantity computation section configured to

compute & Ehard&EridfReqamtty 6ESacH: f SRIIFSAAIFagEFeitibhe to
nggnerat d hy said small imag%dividin section; and a difference

compltatich S6ciioh conmigurdiff° ciry ot differente Eamputatiic™-on

progess.of computing a difference between said characteristic quantity
In jeIe RN . . .. . . .
computec? gby said characteristic-quantity computation section as the

Cmﬂamegsgﬁgﬂﬁn@%éégaﬁgyﬁgwgﬂaggg%yon configured to divide
each of said horizontal image portions generated by said
horizontal image division section into a plurality of
small image portions having the sams size and the same
shape;

a characteristic—-gquantity computation section
configured tce compute a characteristic gquantity of each
of said small image portions generated by said small
image dividing section; and

a difference computation secticon configured to
carry out a difference computation process of computing a
difference between said characteristic quantity computed
by said characteristic-gquantity computation section as
the characteristic guantity of each individual one of
sald small image portions generated by said small image
division section and the characteristic guantity of a
sample selected from a background of said input image as
well as a determination process of producing a result of
determination as to whether or not said individual small
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said small image portions generated by said small image division section
for each individual one of said horizontal image portions generated by
said horizontal image division section and an average value of the
characteristic quantities of said small image portions in said individual
horizontal image portion as well as a 124 determination process of
producing a result of determination as to whether or not said individual
smati sinrage:portiohsds a postioni ofa backgradnt ot gaidoindividual sz 1 d
horizontal image portion on the basis of said difference. 12. The

e piceessing apparates siceording t0. dng ohteofectaims 9 to 11
wherein said image-portion determination section including: a small
image division séétfon EsHiiguRsiPecthvide Je &dteirsditt horzonmtatibrayet o
portions generated by said horizontal image division section into a

Bitfaily of $talf &G pEtonS hatingtAE SaRR Si2€ And ¥ié Sarea t ion

gréa&eﬁ ancharar,:te istic-quantity computation section configured to

compufé alcﬁgf’fc aristic _quantity_o_f (_each of_said small image_ portions
R R L A R e
each of sgid horizontal image portions generated by said
horizontal image division section into a plurality of
small image portions having the same size and the same
shape;

a characteristic-quantity computation section
configured to compute a characteristic quantity of each
of said small image portions generated by said small
image dividing section; and

a difference computation section configured to
carry out a difference computation process of computing a
difference between said characteristic guantity computed
by said characteristic-guantity computation section as
the characteristic guantity of each individual one of
said small image portions generated by said small image
division section for each individual one of said
horizontal image portions generated by said horizontal
image division section and an average value of *the
Characteristic quantities of said small image portions in

said individual horizontal image portion as well as a
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carrying out a difference computation process of computing a difference
between any two of said characteristic quantities computed by said
characteristic-quantity computation section as the characteristic quantity
of each individual one of said small image portions generated by said
small image 125 division section and the characteristic quantity of one of
said small image portions, which is adjacent to said individual small

Hreage-pofion; sarying-l a dateppipatien process of praduging a result
of determination as to whether or not said individual small image portion
and said srmall image portichadjecentto said individuaksmall mage smail
portion are similar to each other on the basis of said difference r"
compatadbintsaid differences corputation proeesisg andnputtiig saidd
individual small image portion and said small image portion adjacent to
ShdLHdN Rl IsiAlE pRage. poftiat sn RFSGPIT said déermiationoresaiid
produced in said determination process indicates that said individual
HSmaeshortion and said small image portion adjacent to said
ind|V|duaI aII Image, portion are similar to each other. 13. The

image- pro $sin SRS AELBRTE 10 Any R G ainR S fRr g8 ng ©o

wherein said.image-portion . . . .
any one %’ ﬁ%lﬂs & to 11 wherelin saild image-portion

determination section including:

a small image division section configured to divide
each of said horizontal image portions generated by said
horizontal image division section into a plurality of
small image pertions having the same size and the same
shape;

& characteristic-gquantity computation section
configured to compute a characteristic quantity of each
of said small image portions generated by said small
image dividing section; and

a cliustering process section configured to perform
a grouping process by

carrying out a difference computation process of
computing a difference between any two of said
characteristic quantities computed by said
characteristic~guantity computation section as the
characteristic guantity of each individual one of said
small image portions generated by said small image
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determination section including: a characteristic-quantity computation
section configured to compute a simultaneous occurrence probability
matrix of each of said horizontal image portions generated by horizontal
small image dividing section; a pixel determination section configured to
compare 126 the value of each individual one of matrix elements
composing said simultaneous occurrence probability matrix generated by
Gaid. eliaractedstid-gnaatity computatiorn: Seetiarswith agheeshdtd,valeone
determined in advance in order to produce a result of determination as to
whetherd opmetld pixetgerrespariding to sdid iidividualdnatrixnelemergads. d
a pixel of a background; and a pixel-set determination section configured
W Proddee & redalt of deresnirfatioh B8%e whether or not an unidentified
object exists on the basis of said determination result produced by said
pixel detefrAinatioR Sedlibn 14 SFife idbe-proceBdiRg appardue r oducing
according to_claim 13 wherein each matrix element of said simultaneous
SCRGiTEnce BrobABIF iR comphfeaSy S4a e abbrSft-qaariy
computation section for. each individual one of said horizontal image
lp%%llc}?lls%tlégn%ersarpead? %y Sait Rofizontal iMhagé Givesion s(SaIcn’[ci"(r)lnja‘lislaﬁ%age

portion adjacent to said individual small image portion
are similar to each other on the basis of said difference
computed in said difference computation process, and

putting said individual small image portion and
sald small image portion adjacent to said individual
small lmage portion in a group if said determination
result produced in saild determination process indicates
that said individual small image portion and said small
image portion adjacent to said individual small image
portion are similar to each other.

13. The image-processing apparatus according to
any one of claims 9 to 12 wherein said image-portion
determination section including:

& characteristic-quantity computation section
configured to compute a simultanecus occurrence
probability matrix of each of said horizontal image
portions generated by horizontal small image dividing
section;

a pixel determination section configured to compare
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array including the address of one of pixels composing image data in said
individual horizontal image portion. 15. An image-processing method
comprising the steps of: dividing an input image into a plurality of
horizontal image portions; and producing a result of determination as to
whether 127 an unidentified object exists or does not exist for each of
said horizontal image portions generated at said horizontal image division
tStep. bl dhedmageirocassing method accarding-torclain 1snaherein
said image-portion determination step including the steps of: dividing
waghaf said serizbntalnmagerpartionso genenatedat saiddrorizontay image: 1 x
division step into a plurality of small image portions having the same size
Gitkthe Sameeshase: Computing eeiaradteristicgiariity obwacl of d4id
small image portions generated at said small image dividing step;
RfpLIngE diffefercetfstiveef safdleifardeiersHc r@ntity colipated atn
said characteristic-quantity computation step as the characteristic

YirRfity "ot eAERHdRidudi Telof s3id SiRaR Fage poftfons Hererated are ™
Said smallimage dividing step and a vajue determinedin: qual matrix
element 1s a pixel of a background; and

a pixel-set determination section configured to
produce a result of determination as to whether or not an
unidentified object exists on the basis of said
deteimination result produced by said pixel determination
section.

14. The image-processing apparatus according to
claim 13 wherein each matrix element of said simultaneous
occurrence probabllity matrix computed by said
characteristic—guantity computation section for each
individual one of szid horizontal image portions
generated by said horizontal image division section is an
array including the address of one of pixels composing
image data in said individual horizontal image portion.

15. An image-processing method comprising the
steps of:

dividing an input image into a plurality of
horizontal image portions; and
preducing a result of determination as to whether
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advance; and determining whether or not said individual small image
portion is a portion of a background of said input image on the basis of
said difference computed at said difference computation step. 17. The
image-processing method according to claims 15 or 16 wherein said
image-portion determination 128 step including the steps of: evaluating
every pixel in each individual one of said horizontal image portions
generatedat sdideHotpontakimagesdivision siep byrmakiag use of &r each
relative position function determined in advance in order to generate a
simakaredusacecorrente prefgability matrix sfop saidiadiwiduatherzonhtal
image portion; storing the address of each individual one of pixels
oriposiigéadiip@ividlial baewf saikkRorizontal image portions
generated at said horizontal image division step in a matrix element
included in Said ‘SR ukBRECUSSESERIEHER Prolsadityg nidfiz feneatéd at
said, pixel evaluation step for said individual horizontal image portion as a
A etefECdTrespdniing & fiTdividtal pikelsEBmpaning the tep
j\.ll'allc cg{i%achggdividgal one Pf matrix elements composing said
simaltaneous oceurrence K-

dividing each of said horizontal image portions
generated at said horizontal image division step into a
plurality of small image portions having the same size
and the same shape:;

computing a characteristic guantity of sach of said
small image portions generated at said small image
dividing step;

computing a difference between said characteristic
guantity computed at said characteristic-guantity
computation step as the characteristic quantity of each
individual one of said small image portions generated at
salid small image dividing step and a value determined in
advance; and

determining whether or not said individual small
image portion is a portion of a background of said input
image on the baslis of said difference computed at said
difference computation step.

17. The image-processing method according to

claims 15 or 16 wherein said image-portion determination
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probability matrix generated at said pixel evaluation step with a threshold
value determined in advance; and producing a result of determination as
to whether or not a pixel corresponding to said individual matrix element
is a pixel of a background on the basis of a comparison result produced
at said matrix-element comparison step. 18. An image-processing
program comprising: 129 a horizontal image division function configured
40 cdivide-an: inpulimage inteaplurality of horizontal image portions; and
an image-portion determination function configured to produce a result of
determinatisiasttonvwhetlverran runidentified dbject exisisrarideds nokexist
for each of said horizontal image portions generated by said horizontal
smhage divisionrfuadtionnageThe rhage-processingtmdgrim aeddrding to
claim 18 wherein said image-portion determination function including: a
RetalRipTEge diVTSRAFRfURERoT Eanfiglre® to ivid €ash of saidthatizontal
|mage portions generated by said horizontal im gse division function into a

Phuirality 'St StRikmage portionsd ARving theBanksizée ffiiitheame order

shape; acharacterlstlc uantit comgutatlon function
to geherate simultangous occurrence probabllity matrix

for sald individual horizontal image portion;

storing the address c¢f each individual one of
pixels composing each individuzl one of said herizontal
image portions generated at said horizontal image
division step in a matrix element included in said
simultaneous occurrence probablility matrix generated at
said pixel evaluation step for said individual horizontal
image portion as a matrix element corresponding to said
individual pixel;

comparing the value of each individual one of
matrix elements composing sald simultaneous occurrence
probability matrix generated at said pixel evaluation
step with a threshold wvalue determined in advance; and

producing a result of determination as to whether
or not a pixel corresponding to said individual matrix
element 1s a pixel of a background on the basis cf a
compérison result produced at said matrix-element
comparison step.

i8. An image-processing program comprising:
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- configured to compute a characteristic quantity of each of said small

image portions generated by said small image dividing function; a
difference computation function configured to compute a difference
between said characteristic quantity computed by said
characteristic-quantity computation function as the characteristic quantity

of each individual one of said small image portions generated by 130 said
small image@ividingfanctioneanrd dvalue detefaned i iradvancepandd to
determination function configured to produce a result of determination as
dowiltethenor nptgaid nindiwiduat small irage portionc$ ayporticnntal
background of said input image on the basis of said difference computed
ippsEidrenfférenté codipltation function. 20. The image-processing
program according to claims 18 or 19 wherein said image-portion
determirtioh™RFRLIBR TichidingSa FUTEHBA breparatid furitiofontigured
configured to prepare one or more relative position functions; a pixel

‘SalitionTanCtiort Sotifig e t ETaBAte BVEry piel i e4ef Mthvidas
Lol mage porons gepern by sadbeniany e,
said herizontal image portions generated by said
horizontal image division function.

19. The image-processing program according to
claim 18 wherein said image-portion determination
functicn including:

a small image division function configured to
divide each of said horizontal image portions generated
by said horizontal image division function inte a
plurality of small image portions having the same size
and the same shape:;

a characteristic-quantity computation functicn
configured to compute a characteristic guantity of each
of said small image porticons generated by said small
image dividing function;

a difference computation function configured to
compute a difference between said characteristic guantity
computed by said characteristic-guantity computation
function as the characteristic guantity of each

individual one of saild small image portions generated by
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relative position functions prepared by said function preparation function
in order to generate a simultaneous occurrence probability matrix for said
individual horizontal image portion; an address storing step of storing the
address of each individual one of pixels composing each individual one
of said horizontal image portions generated by said horizontal image
division function in a matrix element 131 included in said simultaneous
ctdrrenee prababjldy dbatrixigenefated hycsaid ptkekevaltaonifunetton ned
for said individual horizontal image portion as a matrix element
cormgpendiag tersaid individual pixel; a matrix-element comparison
function configured to compare the value of each individual one of matrix
element$ cépposingsaid simulfangesasbcanrericau probabilitp Ardiice &
generated by said pixel evaluation function with a threshold value

tRtsthingd i adGaTEeR PR ph@l-56t HEtBITRIRELGR fulctioR TbRfigured
to produce a result of determination that a pixel corresponding to said
B0t e R of FhackgRoURGH S Vaof said
indiyidual, many element reaches, sald dhveshold value determined jn
difference computed by said difference computation
function.

20. The image-processing program according to
claims 18 or 19 wherein said image-portion determination
function including:

a function preparation function configured to
prepare one or more relative poesition functions;

a pilxel evaluation function coniigured to evaluate
every pixel in each individual one of said horizontal
image portions generated by salid horizental image
division function by making use of at least one of said
relative position functions prepared by said function
preparation function in order to generate a simultaneocus
occurrence probability matrix for said individual
horizontal image portion;

an address storing step of storing the address of
each individual one of pixels compesing each individual
one of said horizontal image portions generated by said

horizontal image division function in a matrix element
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included in said simultaneous occurrence probability
matrix generated by said pixel evaluation function for
said individual horizontal image portion as a matrix
element corresponding to said individual pixel;

a matrix-slement comparison function configured to
compare the value of each individual one of matrix
elements composing sald simultaneous occurrence
prebability matrix generated by said pixel evaluation
function with a threshclid value determined in advance;
and

a pixel-set determination function configured to
produce a result of determination that a pixel
corresponding te said individual matrix element is a
pixel of a background if said value of said individual
matrlix element reaches said threshold value determined in

advance.
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