IMAGE-PROCESSING APPARATUS, IMAGE PROCESSING METHOD AND IMAGE PROCESSING
PROGRAM CROSS REFERENCES TO RELATED APPLICATIONS Embodiments of the
present invention contain subject matter related to Japanese Patent Application JP 2006-236145 filed

in the Japan Ratept SRicerIbAEUEEAROPEs 2NdMRABANSSR PR P PIeatiRib JRIA06-254817 filed

in the Japan Patent Office on September 20, 2006, the entire contents of which being incorporated
herein by reference. BACKGROUNB@ TRECRAANPIGRATHE of the Invention

Embodiments of the present invention relate to an image-processing apparatus, an image-processing
method and an image-processing program. Totgut it in detail, embodiments of the present invention

relate to &FEEHNJISGFSIHBRF applicable:iide BEd 6fAd ehiftientified object and/or a suspicious
individual from an igge,gbtainadas aresuliefphotogeaphing a menitarer-placecdeiermined in
advance by making use of a monitoring camera. , ,
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
entire contents of which being incorporated herein by

reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

Embodiments of the present invention relate to an
image-processing apparatus, an image-processing method and
an image-processing program. To put it in detail,
embodiments of the present invention relate tc 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 a 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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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
object is monitored by visually recognizing an image obtained from a photographing operation making
use of a 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 far 24 hours as the numbher of pJaces to be monitored increases. In addition, the

monitoring sycgﬁér%%c alsh f8Eed O Siored liftedhtmiber Bf TiRagés H¥a Hedtedbrder connected to

the monitorin camer Cjnipg ert orten the operating time._ . _ Thus, it is necessary to provide the
monitoring sygé}%em V?l)iﬁ‘l a teghno%o y %?%%%ea ci)kgﬁ% an uenrléé:njtﬁllédr%abljgeicr%%n%ﬁ?r a sgusapicious

individual from-an input ifagem. »» FOL example, ip.a hank ATM prthe ke, jfa sgnsor capable of
detecting a human body is available, it will
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
menitoring camera in order to shorten the operating time.
Thus, it is necessary to provide the monitoring
system with a technology for detection of an unidentified
object and/or a suspicious individual from an input image.
For example, in a bank ATM or the like, if a sensor
capable of detecting a human body is avallable, it will
be relatively easy to satisfy the reguirement described
above.
However, such a sensor may not be used for

detection of an unidentified object and/or a suspicious

individual from a remote scene such as seashore.

SUMMARY OF THEE INVENTION

In many cases in the past, there was adopted a
monitoring technigue disclosed in Japanese Patent Laid-
open No. 2006-14215 as a technigque of comparing the
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be relatively easy to satisfy the requirement described above. However, such a sensor may not
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 technique disclosed in Japanese Patent Laid-open No. 2006-14215 as a technique of
comparing the presentimage with an image Immediately preceding the present image in a situation
described above. When a physical body enters a place being monitored, the brightness of an
image portiorPESiAipbsed BRfR physicat Body #PvidebtREd ehadgestoarbhgmaess fevel different from
the place. Thus, by detecting an area having a difference in luminance from the rest of the image as a

different areaP tHe piysicdl oty tanbe ddteelett I H°GisP G S 8&NERy such as a sea, a desert, a

field of grass or the Sk%h%%wg\/%htyg}tgcsal body enters a place being monitored,

the brightness of an image portion compesed 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
detecticn alsoc 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 technique in related art has a problen
that a result of comparing the present image with an
image immediately preceding the present image causes the
other things to be detected mistakenly as a moving
physical body or the like.

Az 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 technigue disclosed in
Japanese Patent Laid-open No. Hei 10-328226, a difference
between the present image taken in a photographing

3



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 technique 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 to
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 rRRREG BHOT 2TYA GdeokdEite WHINGRRLRERAILUB Bidssetintiapaness Patent

Laid-open No, Hei 10-328226, a difference between the present image taken in a photographing 3
image 1s created and converted into binary data by

carrying out a threshold comparison process. At the same
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 detecticns of
fluctuations of trees an/or a water surface, which exist
in the background image.

In accordance with this technigue, however, a case
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 to 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 monitering camera for monitoring 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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operation and an image immediately preceding the present image is created and converted into binary
data by carrying out a threshold comparison process. At the same time, a background image changing
a threshold value with a cumulative result of past differences taken as a reference is generated in an

attempt tg teducgfhe numper of detegions mistakgnlymade asqdefeciions of fyctyatiopgyof trees

an/or a water surface, which exist in the background image. In accordance with this technique,
however s@edse FHwhieh tFEYhreSRERI Wld€ Becomes an excessively large value for a larger

luminance changg causegd;typicaliyfay-a flustuation of adres)is verylikaly sanceirble Insuch a case,
it is feared that an intrusion made by an intruder or the like as an intrusion of importance is undetected
undesiraBlyOv 1 A cRRNIRG &I &n RRHGHTITERE o PR esett imREMibh S t T deshabie"d%srovide

animagepracessing apparatys capableqrf:atablydetesting-an intusipAynade by syspigious
individual or an unidentified object from an image taken in a photographing operation b% making use of

a monitorf85meta YorThBRitorT A itace SEWhEHRUatidhs ERIGE by Rfahily phenomena
as fluctuatipagof apdmage; whishiig takenga the phetegraphing eperation as the piciurewf the water

ofa of image portions having the same size and the same shape;
a characteristic-quantity computation section configured to
compute a characteristic guantity of each of said image
portions generated by said image division section; and a
difference computation section configured to carry out a
difference computation process of computing a difference
between said characteristic gquantity computed by said
characteristic-gquantity computation section as the
characteristic guantity of each individual one of said
image portions generated by said image division section and
a value determined in advance as well as a 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.

In a second aspect of the present invention, there is
provided an image-processing method comprising the steps
of: dividing an input image into a plurality of image
portions having the same size and the same shape; computing
a characteristic quantity of each of saild image portions
generated at said image division step; computing a
difference between gaid characteristic gquantity computed at

said characteristic-guantity computation step as the



sea, the sands of a desert, the grass of a grass field and snows in the sky, take place. In a first
aspect of the present invention, there is provided an image-processing apparatus comprising: an
image holding section configured to store an input image; an image division section configured to
divide sajd,inpyt naage; stored dn saidiimage-kolding-sectiondnto; apiuraliyef image periians having
the same size and the same shape; a characteristic-guantity computation section configured to
compute H'@sF aBRFEHCHTaRy BF 8585 oPlai P&y e PAHENSIEEHREY 5§81 d Tisy& division
section; aig adifference, canwutationsastion configurad t@ earny Dufyawlifferaaee eampugtation process
of computing a difference between said characteristic quantity computed by said
charactef&iCqudiftity compltatiBAEechS 5t %ré‘ct@ﬁ%ﬂéﬁ]ﬁnﬁfc&/ ot e%@ﬁ 4GS one of said
image pastionsgeaeratedhiy saithimipge divisiathsection=ang a valuexdetarmined fre advarce as well as
a determination process of producing a result of determination a%to whether or not said individual
image poTigk -8 PoftforS6ra backdrBhnRa OF s RBUfim=ge it basis of said difference. Ina
second aspect afithe presertineesion; thefe isiprovidedsan image-prockssing hietlved demprising the
steps of: dividin aél ir%{)ut imagg(te into a%olurali'%/ of imags:g%rti%%smh%viggﬁhe. same size and the same
shape; c@rﬁﬁﬁﬁrg& chracdtBASTE BOATTR) Ot e9chtor s4id iImage portions generated at said image
division st iconaputifgra-differencertetweer daidechdiact evistismuantity wompeged dtrsaid
characteristic-quantity computation step as the_characteristi antity of indiyidual ane of said
image pog’rltié?ﬂl]’sud:ealﬂie}rgtvedoa s%%algneaggo ?\ﬁ%%%sstglg and § \(/%ﬁ%e %te%rgm%%%n agf\;gngg;éand
determinisgmehesirerer ;notsaith individealiimage porion iscy portiovpwf atdaskgrbund v gaid input
image oncthg ]pflslllsr%%sa{% d_|gfce)rrr<lan&§ec_oglnp&t%&c?lgﬁagggﬁe{gn %%Blﬂggtlgl} SRt C_;@ a thlr_d
aspect of the prgsent invention, there is provided an image-processing program comprising: an image
division femctibn comdigaredooxdividasn igpaeinttredntdoy plusality of ilEgEEporddig BAGIAg the same
derislic-gyantity.computation funeion conkiguredda cergpute a

size and the same shape; gcgg ac
charactertlrt;}%%%a%ula%]%fy of each of% sa|§ Image portions generated by said image division function; a

differencecomputation fihEfereonfigustivceompiic @ differeretisatiehSaideMarddtEristic
quantity computed by said chatacteyistic.quantity somputation: funetian as the.gharagleristic quantity of

each individual one of said image portions generated by said image division function and a value
determinddicadwancesaridhg delerrraiphifaRétonBEHiBhFed Blréfiee alfedl bfdetermination

as to whether orat sajgl inglividual image, pertion:is aption,of abagkaraugd of saiddaput image on
the basis of said difference computed by said difference computation function. In a fourth aspect of

the presefvHveheBn, tREE is BrovidRd%h iMAGEHBEESShg dibar&HY ®BRfrising™Sh infage holding
section cenfigurrd 4@ tase ark input image: a-d1orizontal image division sectioncaniigyred o divide said
input image stored in said image holding section into a plurality of horizontal ima(:gLe portions; and an
image- etermination ag to whether or not said individual 1image

portion is a portion of a background of said input image on

the basis of said difference computed by said difference

computation function.

In a fourth aspect of the present invention, there is

provided 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 stored in said image helding section into a

plurality of horizontal image portiong; and an image-
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portion determination section configured to produce a result of determination as to whether an
unidentified object exists or does not exist for each of said horizontal image portions generated by said
horizontal image division section.  In a fifth aspect of the present invention, there is provided an

image-prgsessing methed sampxisingrthe steps: of dividing agurpid image injeedquiuealityzof horizontal
image portions; and producing a result of determination as to whether an unidentified object exists or
does notE5d&H ¥or e&dh ofSAiFHBLZEHEPINage poftnsPeneritd a?%aidw&%z%rﬁ%lfir‘}‘l%%e division
step.  dBfsixthaspeesoldhe preseniditventionrthesrisquovided apadmagacproeessirg. program
comprising: a horizontal image division function confi rl:\{_%d to divide an .ingut img%e into a plurality of

horizontatfidGe BoiftioheEnPERThAGEDoRION et HibATteon CHigursd o pro

to pro&uce a result
of determyjaatiarbas to whether an unidentified object exists or does not exist for each of said horizontal
image portions generated by said horizonta%im e division function. . .According o an embodiment
of the present i nﬁ‘or‘r‘,E Jfﬁegﬁnaag%gﬁr%%es% ng'C pa%iﬁg %ﬁkée Stores | gr% ?ﬁldut?:rrpll%gree and then divides
the imageirtoimege portionsshpving theesamesizeantdbe sameshaperSulidesqueritlpthe
image-processing apparatus computes a characteristic guantity far.each Qg tf}ﬁe [ age p riions. Then,
a differerite’be %é%le%%h %Jf'lthlerl[c)%%%pth(E:né1 %ﬁar:éréice?isﬁc Eélr%ft%ée%d% va Sen%ieterm%ned in
advance isnaom pyied @inshuse dstodracusdua tesultof detwhinatién de te whetlsérisrthothe image

el EOAER O RIS BARIN T S IS L e
output. for each of said horizontal image portions generated at
said horizontal image division step.

In a sixth aspect of the present invention, there is
provided an image-processing program comprising: a
horizontal image division function configured to divide an
input image into a plurality of horizontal image portions;
and an image-portion determination function configured to
produce a result of determination as to whether an
unidentified object exists or does not exist for each of
said horizontal image portions generated by said horizontal
image division function.

According to an embodiment of the present invention,
the image-processing apparatus once stores an input image
and then divides the image into image portions having the
same sgize and the same sghape. Subseguently, the image-
processing apparatus computes a characteristic guantity for
each of the image portions. Then, a difference between
each of the computed characteristic quantities and a value
determined in advance 1is computed and used to produce a

result of determination as to whether or not the image
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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-basedrarythe Jaghnologydn relfed@rtand isrusad ferdistinguisking the

background and an unidentified object or the like from each other\%com aring the present image with
fors

an imagemsreariid precedifihe p@kentifageaPién, tAé in ffid Prétent fvention
searchedfor gitechnelogy fardistinguishingdhe backgraund-anthansmidentified objgct athe like from

each other by making use only an input image. As a result, the image-processing apparatus according

to an emHBBdiRTEHE BF #5EpRIZERE veRtiGR BividethenfalgEiHb image portions having the same size

and the same shape:rzubsequestly cthe image-preeessing apparaius conyiies archarasteristic
guantity for each of the image portions. Then, a difference between each of th%comput%dequantities

and a vaR@ dEErRREd it Aaancdts cORPIRY. U9Pet B8 assOmE HOF 8XARBIE hat The entire image

is a backgeaungh-duthis ease, dhe charasteristic guantityscomptited fos eathof thesimagecportions
obtained as a result of dividing the image hardly %han(rgces fr%%r;r}ﬁgea to area. Int%c# g)daince with the
image proce¥sing mbthBd HEARH AR RN oRGICET conB&t-Ben Ftha Tmage uckiates due to
natural pheneisentas isthexehse withdheimageof aiseat tre skyser the like, an naidentified object or
the like can be distinguished from the hackground having a_constant characteri tgc quan ';y and a
fluctuatina%%%ﬁgrgﬂgg sG¢h & 458 and t té!pswp e A(?gglr%ing% %%%em g;)d?)me?nt of the present
inventiony there is pravidedbary imade-procedsitgdpparats asadhonitdring appasatus fermonitoring a
baCkgmnggstinguishing the background and an unidentified object or
the like from each other by comparing the present image

with an image immediately preceding the present
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exhibiting constant fluctuations as is the case with specially a sea, a desert, a field of grass or the sky.
The image-processing apparatus is capable of recognizing 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 Qllggality of orizont&lliem% ev%ortions. In the case of an image taken from a remote

location as the Iiage of & Seenéry as dBschbad Batier “HEw& et S5RE inptY hagédoes not always

assure a result that can be said ta be a satisfactary result of detection. of an unidentified object. Thus,
in order to S(;%vee% (Eégper%b e(rjr{ in zfc ﬁggélgsigfga]etéﬂrét%gaéﬁ %ﬁl%%hlf‘l %dl E)ll%{jen(%{1 ffom an image taken

from a remote, lpoation,Hie AU imaces sbydact inte aplyallty ofhariganip) gage parions in

preprocessing before carrying out a variety of determination processes to be explained below. Then,

each of the hadzentakimageportigns isshandled as animagg,in exeqution of the determination

processes. The preprocessing contributes to improvement of the detecting an unidentified object from

an image takendromadenioie locations BRIEE RESE RIREON Of THE QRAVWINGS ment These and

other features of the present invention will become clear from the following description of the preferred

embodimentssgivehavithrreference tor thetdecompanyirgdiageamsdgavhicitoc image
portions having the same size and the same shape.
Subseguently, the image-processing apparatus computes a
characteristic guantity for each of the image portions.
Then, a difference between each of the computed
guantities and a value determined in advance is computed.

Let us assume for example that the entire image 1is
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 accordance with the image processing method
based on this technological concept, even if the image
fluctuates due to natural phenomena zas is the case with
the image ¢f 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

menitoring apparatus for monitering a background
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Fig. IA 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. 18 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 &Ad" ébsﬁg ggrv%%ngg gﬁ Unﬁéﬁﬁﬁ@& obfett 2% . 38%s FFiSgrant 3howing

backgrounds ofetlge im§ e shqwn in Flgd 3SA'rt glgz3C is a %ag?arr%gh%v%nn@hféneslgg}qge portions

obtained as & Fesult of viéﬁné?ﬁé ir%aggs owh in ngl.%JA(;} ©

The image-processing apparatus is capable of recognizing
a background without mistakenly recognizing each of
natural phenomenz such as waves of a sea and clouds in
the sky as an unidentified obiject 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 the image of a scenery as described earlier,
however, cone input image does not zlways assure a result
that can bé sald to be a satisfactory result of detection
of an unidentified object. Thus, in order to solve the
problem, in a process of detecting an unidentified object
from an image taken from a remote locaticn, the input
image is divided into a plurality of horizontal image
portions in preprocessing 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 centributes to improvement of the detecting
an unidentified object from an image taken from a remote

location.



Fig. 4 shows a flowchart representing preprocessing preceding actual operations carried out by the
image-processing apparatus according to the first embodiment; Fig. 5 shows the first part of a
flowchart 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.

P

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-histogram technique adopted as one of methods to

compute cha isti ities, i ' iagram showing the background sample selected
B Bﬁé‘qﬁ%‘ﬁ’o‘gigog A%’P?);B 5%%'?@@“

from the input still image shown in IS a diagram showing a matrix of all color

Componeng(ﬂnaned?ﬁ@é@sﬂﬁgfHgﬁgyo%gggﬁgggng%h@ng@resent invention

will become clear from the following description of the
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. 1B is a block diagram showing mainly
functional sections of the entire image-processing
apparatus shown in Fig. 1A;

Fig. 2 1s a block diagram showing an entire image-
processing apparatus according to the first embodiment of

- the present invention;

Fig. 32 is a diagram showing a typlcal 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 obiject;

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

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

3A;



Fig. 8A is a diagram showing a portion of an input still image to which a frequency-analysis technique
is applied as another one of the methods to compute characteristic quantities; Fig. 8B is a
diagram showing an enlarged wave splash taken as a background of the image portion shown in Fig.
8A,; Fig. 8C is a diagram showing a typical graph 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 showin ical graph produced by adoption of the
frequency-analysis techfii Ue%ssag%‘?asphgr(%p?/é%ﬂe%t‘i%ﬁ hé%@ﬁﬁgﬁ%%?@e theHaMmiratice8vel and

the frequency; 'c:ii%‘l Aaigtgu%iggra §hgwinrg two_arbitrary pixels P1 and P2 of an input still image
to which a siélﬁtea%eeous%ccurrence %é;gbaabﬂﬁ)? Matrix tre‘cﬁ%%u%&lgé a%lig SsHhother one of the

methods to computecharactedstic guaatities. o 4 :Fig- 9B is 3 diagram showing the pixel P2 as the
next pixel adjacent to the pixel P1 for a case in whicha relative position function 5 is expressed as 5
(1, 0); Fig. 5 shows the first part of a flowchart

representing the actual operations carried cut by the

image-processing apparatus according to the first

embcdiment;

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-histogram
technigue adopted as one of methods to compute
characteristic guantities;

Fig. 7B 1s a diagram showing the background sample
selected from the input still image shown in Fig. 7A;

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

Fig. 8A is a diagram showing a portion of an input
still image to which a freguency-analysis technigue is
applied as another one of the methods to compute

characteristic quantities;



Fig. 90 is a diagram showing the pixel P2 as the next pixel adjacent to the pixel P1 for a case in which
the relative position function 5 is expressed as 5 (1, 90); Fig. 10A is a diagram showing data of an
image having 16 (= 4 x 4) pixels with 4 luminance levels, that 10 is, luminance levels 0 to 3; Fig. 102
shows a simultaneous occurrence probability matrix, which is a square matrix having 16 (= 4 x 4)
pixels with the 4 luminance levels;

Fig. 8B is a diagram showing an enlarged wave
splash taken as a background of the image portion shown
in Fig. BA;

Fig. 8C is a diagram showing a tYpical graph
produced by adoption of the freguency-analysis technigue
as a graph showing a result of plotting the luminance
level of pixels compesing the input still image:

Fig. 8D is a diagram showing a typical graph

S

produced by adoption of the freguency-analysis technique
as a graph representing the relation between the
luminance level and the frequency:

Fig. 9A is a diagram showing two arbitrary pixels
F1 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 pixzel P2 as the
next pixel adjacent to the pixel Pl for a case in which a
relative position function & is expressed as & (1, 07);

Fig. 9C is a 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,
90°);

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

having 16 (= 4 x 4) pixels with £ 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. 122 shows an average-value holding
section for holding a value computed by the average-value holding section as the average value of
characteristic, uarltities 351 to 31(2@ (iactbfotundey the characteristic-quantity computation section as
the characteristic qu%nrllﬁﬁ/ of one 6f iérgna?g’;e porﬁoné shown in Fig. 120; Fig. 120 is a diagram

showing the image pog:ip%s op(g%'ngglg@sa gesggrgég'végtjg%&hse ié‘?;%%%%@?—lwn in Fig. 12R; 13
shows the first part of a flowchart representing ‘actual operations carried ou%eby the image-processing

apparatus according. o, the. secopd embediment.; s 5 Fig;d4.shays.the second partef the flowchart

representing the actual operations carried out by the
4 x 4) pixels with the 4 luminance levels;

Fig. 11 is a block diagram showing an entire image-
processing apparatus according to the secend 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 & value computed by the average-value holding
section as the average value of characteristic gquantities
S(1) to 3(25) each found by the characteristic-quantity
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 operatiocns carried out by the

A -
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image-processing apparatus according to the second embodiment; Fig. 15A is a block diagram
showing an entire image-processing apparatus according to the third embodiment of the present
invention; Fig. 153 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 or a sea and a_ship serving as an unidentified object; Fig. 16Bis a
diagram to béﬁiég?reﬁl%?ﬁ gsblrggesaéprgapﬁ%v% ir%%ggg Jf)%ﬁl%%s‘ir? a%%nee S’r%%%r}g accordance with the
third embodimgnt; 5 meFig. 16C is a diagram to be referred to in description of a process to put four

image portions in a one group in accordance with the third embodiment;
Fig. 15A is a block diagram showing an entire

image-processing apparatus according to the third
embodiment of the present invention:

Fig. 15B is a block diagram showing the internal
configuration of a clustering process section emploved in

the image-processing apparatus shown in Fig. 15A;

Y

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 obiect;

Fig. 16B is a diagram to be referred to in a
process to 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. 16D is a diagram showing image portions left
after the process to put image portions in a cne 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. 1BA is a diagram showing a typical image taken
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Fig. 16D 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 by making use of an image-processing apparatus
according to the fourth embodiment of the present invention as an image including a sea, the sky and
a ship serving as. an unidentified abject floating on the sea. Fig. 18B is a diagram.showing
horizontal im% e%]r{tfb% obtained as a rlené%ﬁgof%lrvolé:lﬁaﬁ%g §§eg SHGWN in ﬁ%&i@%ng Fig. 180 is
a block diagram showipg ap.entice, iMage:precessing aPRArats,according ta the fourth,embodiment of

the present invention;
image including a sea, the sky and a ship serving as an

unidentified object floating on the sea;

Fig. 18BB 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 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 position in the image;

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

Fig. 2ZA is a diagram showing a typical image taken
by making use of an image-processing apparatus according
rsixth to ninth embodiments as an image including a sea,
the sky and a ship serving as an unidentified object

13



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 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 position in the image; Fig. 21 shows a
flowchart representing processing carried out by the image-processing apparatus according to the fifth
embodiment; Oatﬁj . 22,?\1 IS gia ram showing a typical image taken by making use of an
image-processing aﬁpgra?us according sixth to ninth embodiments as an image including a sea, the

sky and a ship servingzas,an ypideqtified gbiect floating on the §8a.: , 21 image
portions obtained as a result of dividing the image shown
in Fig. Z2A;

Fig. 23A is a bleock diagram mainly showing actual
hardware of an entire image-processing apparatus
according to the sixth fto 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. 23A4;

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

Fig. 24 is a diagram to be referred to in
description of a method to specify background areas 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. 26 is a diagram roughly showing a model of a
layout of data stored in a RAM emploved 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. 223 is a diagram showing horizontal image portions obtained as a result of dividing the image
shown in Fig. 22A; 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. 233 is a block diagram showing mainly functional sections of the entire image-processing
apparatus shown in Fig. 23A; Fig. 230 shows a flowchart representing processing carried out by
the image-proc%n%sgingm%or&a_ratus shown in Fig. 233; Fig. 24 is a diagram to be referred to in
description ofa mec%ﬁ”o to"Specify background areas in accordance with the sixth embodiment of the

presen't invention;_ FEig. 2§—j§> a;hlock giggéq;gﬁhgg%q@[@egﬂr&‘}%eép}rog%%?(%g §$Q§ratus
according to the sixth embodiment; Fig. 26 Is a diagram roughly showing a model of alayout of
data stored in,a HAM employed inthesixRRMREAIMEPLs in the sixth

embodiment ;

Fig. 27C is a diagram roughly showing an enlarged
portion of the image flag bitmap shown in Fig. 27B;

Fig. 284 is a diagram roughly showing az set field
of arrays based on a simultanecus 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. 2834;

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

Fig. 30 shows the first part of a flowchar:z
representing processing carried out by the image-
processing apparatus according to the sixth emboediment:

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

Fig. 32 i1s a diagram roughly showing relations
between pixels of an image and relative position
functions &(1) used in the image-processing apparatus
according to the seventh embodiment of the present
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Fig. 27A is a diagram roughly showing an input-image b tmap stored in the RAM employed in the sixth
embodiment; Fig. 27B is a diagram roughly showing an image flag bitmap stored in the RAM
employed in the sixth embodiment; Fig. 270 is a diagram roughly showing an enlarged portion of
the image flag bitmap shown in Fig. 273; 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;
invention:

Fig. 33 shows a flowchart representing processing
carried out by the image-processing apparatus according
to the seventh embodiment;

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 & block diagram showing an entire
image-processing apparatus accerding to the ninth
embodiment of the present invention;

Fig. 36A is a diagram showing an external view of a
typical image-taking camera employed in the embodiments;
and

Fig. 26B is a block diagram showing a combination
of the image taking camera shown in Fig. 3€E and an
image-processing apparatus according to any one of the

embodiments.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

First to fifth embodiments cf the present invention
are explained by referring to Figs. to 21.

1: Qutline of the Embodiments

le



Fig. 28B is a diagram roughly showing.a Gauss curved surface equivalent to the array set field shown
in Fig. 28R; Fig. 29 is a diagram roughly showing pieces of data stored in the RAM employed in
the sixth embodiment, Fig. 30 shows the first pa.t 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; Fig. 32 is a diagram roughly showing relations

between pixels of an image and'rélatile Fositioh fGriciohs Bt TSalt if B sy eiProtBssifg apparatus

according to the seventh embodiment of ttg)e gresent
processing apparatus basSed on & concept common to

enbodiments of the present invention. To be more specific,
Fig. iA is a block diagram mainly showing actual hardware
of the image-processing apparatus whereas Fig. 1B is a
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 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-capacltiy memory such as an HDD or
output to a host apparatus through a communication line
or the like.

The 1lmage-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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invention; Fig. 33 shows a flowchart representing processing carried out by the image-processing
apparatus according to the seventh embodiment; 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. 353 is a block diagram showing an entire image-processing

apparatus acgor}gin toctgrg nlinthled’ab%cglimgrnfg 01‘: th&eopresent invention; . Fig. 36A is a diagram
showing an external-view ot aatypical image- a%ncha éar%eé:rﬁﬁl%ygd i tHe*embodiments; and

e lack ot S0 OO oL R e g - 308 an
processing apparatus 101 outputs the signal through an
output I/F 107.

It is to be noted that the configuration shown in
Fig. 1R is a configuration common to all embodiments to
be described later in dgtail.

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
section 115 includes the RAM 105 and the ROM 104.

An image received from the image-taking camera 102
is stored in the image holding section 112 &s a still
image.

An image division section 113 is 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-gquantity computation section 114
is a module for computing the characteristic guantity of
each of the image porticns obtained as a result of the

process carried out by the image division section 113 to
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS First to fifth embodiments of
the present invention are explained by referring to FigS. 1 to 21. 1: Outline of the Embodiments

Fig. 1 is an entire block diagram showing an image-processing apparatus based on a concept
common to embodiments of the present invention. To be more specific, Fig. 1A is a block diagram
mainly showing actual hardware of the image-processing apparatus whereas Fig. IB is a block

diagram showing mainly. functional sections of.the aratus. The image-processing apparatus
101 shown indJl—ng.lraedg%%tsjfﬁg%?(is?é%r?creegr rllgnét?(}?s ence §f° ar%l 8%%%Iﬁﬁfiegoe S%jje%flfr&ﬁ%an image

output by an imagesiaking g%%%}é%gg%g%@%@ hinary signaj serving as an.alarm output for

reporting the existence of the unidentifi ject or generates an image S|gnaﬁot31ta|ned as aresult of a

process determined in agvance, ghe-image-taking.camera 02 s a generally known camera

employing typically a CCD image taking device for generating the image signal. The image signal
generated bygherimage-taking camera 1021is stared in-adarge-capagity, memery such as an HDD or

output to a host apparatus through a communication line or the like.
computation section 114 or providing predetermined data
based on a characteristic guantity. A difference
computation secticon 116 is a module for computing the
difference 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 out by the difference computation
secticon 116 is a binary alarm or an image output to a
storage unit or a network.

It is to 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-guantity computation section 114 for an
image represent the pattern or texture of the image. That
is to say, the characteristic guantities represent
approximately what is called a texture in ordinary

rendering software.
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The image-processing apparatus 101 is basically a microcomputer employing 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- taking
camera 102 in order to generate a signal determined in advance or the like. Then, the
image-processing apparatus 101 outputs the signal through an output I/F 107. It is to be noted
that the configuration s,ﬂjj}ovfyv@lin Fllg |A is.a configur%tion coromon to all enj?bogi ents to be described
later in detail. All the functionalsection§ shown'in %ig‘?‘lBaeﬁ:zé%? an image holt ﬁg section 112
and a predetermined-v. Idin ion 115 are software, programs.stared.in the R 104 to be
executed by %%r%%:ré%%%ﬁ%eg dgs%:lﬁl%ellgdg gbc())vf: W}%Il%%egcei I%%ﬁgg] %%%ﬁongﬂlf is iwrnlp I\élmented as
the RAM 105whereag ihe predetgrmingdzvajyg holding section 115 includes the RAM 105 and the
ROM 104. An image received from the image-taking camera 102 is stored in the image holding

section 112 as a still imagens i-ARknage division sectionr13is amedule:for dividing the image
stored in the image holding section 112 into image portions having the same size and the same shape.
of a sea, a number of fine horizontal patterns reflecting
sun light with the dark blue cclor 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 artificialliv.
Instead, each of the natural sceneries 1s 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 colers do not
exist on the tranguil surface of a sea.

These natural sceneries change due to natural
phencmena 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 recognized as an unidentified object due to
the fact that the background is moving.

By grasping the texture of the background in the

case of a moving background, the embodiments are capable
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A characteristic-quantity 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 divide the image stored in the image holding section 112. The predetermined-value
holding section 115 is a unit for providing a comparison value for each characteristic quantity
computed by the characteristic-quantity computation section 114 or providing predetermined data
based on a ch%racter\irsgi(g uantityt.éA gligfg&ence C Cr)nrpu?gation section 116 § a module for computing the

difference befwen each characteristic qua%ﬁK/ compt]t%& %%%5 thératt %ﬁ%%ﬁ%ﬂﬂ computation
section 114 ec is e PLovj e predetermined-value holding section 115 or the
predetermingﬁﬁaap%\%i ed%@%%%réggitg%%%%%g% l%g h&é%%osig%:t%r? 118 alcsr ggtg%%tsed ona
characteristi,guanfity.,Ehesresult of the-pracess caried,qutiby fhe difference computation section 116
is a binary alarm or an image output to a storage unit or a network. It is to be noted that the
configuration shown irekigy 18 is-3 cgnfiguratian cgmmoyrtoalhbampbadimenis to-bejdescribed later in
detail. The characteristic quantities computed by the characteristic-quantity computation section
114 for an imageyepresent theopattern @itexturehef thedmage <Thatis o say,ihe charagteristic
guantities represent approximately what is called a texture in ordinary rendering software.

cbject can also be picked up as well. Thus, the process

Hh

of picking up the texture of a background or the pattern
of a background is a process to compute a characteristic
guantity.

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 1is determined to be the
characteristic guantity of an unidentified obiject
existing on the image. Thus, the characteristic guantity
is computed for each of the image portions and compared
with a target characteristic quantity set for the image
portions in order te determine the degree of similarity
between the computed characteristic quantity and the
target characteristic gquantity or the degree of

dissimilarity between the computed characteristic
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If the image is a picture of a grass field, the image includes a number of inclined parabolic lines with
dark and light green colors. If the image is a picture of the tranquil surface of a sea, a number of
fine horizontal patterns reflecting 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 reco%nized as \ig}age havinéqr random variations.and creatinig| characteristics of

a

resembling fi%ed Pattstns® SpIASHEdo NBFEXISTin aitieid Of GHEss While inclified Parabolic lines

with dark andight green calots. do ot exist op the tranayil surface ofa.sea., .  These natural
sceneries change duets na?uralrﬁﬁjenoména as time goes by. Thus, Ey merelcf/ c%mparlngya plurality of

still images taken atdifferent fimes in ageordance with fhesexisting technalogy,a Qa“é‘&ﬁ%ﬁ%d which

should be naturally recognized as a background is mistakenly recognized as an unidentified ‘object due

to the fact that{he background is movingn +nBY:asRing theitexture;of the, bgekgrospnddn the case
of a moving background, the embodiments are capable of providing a technology for recognizing a

background with adtigh gegree-ofzconsistarcywitheut beingsiripped 4P Byrehanges occurring along the
time axis.

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 cor 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 individual pixels.

What is described above is z concept common to all
embodiments.

A later description will explain how a
characteristic quantity is cobtained and how a difference
between characteristic quantities is computed.

Z2: First Embodiment

A first embodiment is explained as follows. First
of all, an outline 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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By grasping the texture of a background or the pattern of a background, the characteristic of a foreign
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 qgagtiti s of the irpa)%iepO{tiqns slhot\:/vsva value deviating
from the chardcteristic {qﬁaﬁﬁtypdﬁhé I‘E)aca:‘l?groﬁnb1 Bt the i?nrai"lge% U gpeacﬁf?c characteristic quantity is

determined tq be the, characteristic Quanity of.an unidenified abies existing on the,gadee Thus, the

characteristic quantity is computed for eac image portions and compa ith a target

characteristic.quanity, setipL e image-porions in qrdey, ta determine the.degree of similarity between

the computed characteristic quantity and the target characteristic quantity or the degree of dissimilarity

between the gomputed charagteristic Quantityand the target characteristic quantity. In the following
description, the target characteristic quantity is referred to as the characteristic quantity of a sample,

which is selected fromithe bagkgrouadrof dhe: irnage; riis isyeferred tmas agifference computation
process. Finally, the computed difference is typically compared with a threshold value determined in
advance in otges te peadugezgprestdiof detérminatiornr-as toowhethehor fiot-thie image portion, for which
the characteristic quantity has been computed, is a portion of the background used as the sample.
This series okpioedssesdestiibedaliovedsan extarsioniofa teGhriologiealzconcept biecorputing a
difference in luminance between individual pixels. What is described above is a concept common
to all embodifentsia. 1B.

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 porticns.

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

On the other hand, a background characteristic-
gquantity holding section 202 is a section used for
holding a characteristic guantity in advance as the
characteristic guantity of a background specified by an
operation carried out by the coperator as a sample.

The difference computation section 116 1s 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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A later description will explain how a characteristic quantity is obtained and how a difference between
characteristic quantities is computed. 2: First Embodiment A first embodiment is explained as
follows. First of all, an outline 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 apparatus
iS put in an actual operating state later on, the characteristic quantities each found for a portion of an

input image afe comparedwith e REf SR ZEERSHC Glarfinfofthieifatkfouhdi ™ theig. 2is a

[ i i - i ing to the first
block diagram,shqwing an image-processing apparatus 201 according to the first. 02 in

order to produce a result of determination as to whether
the image portion is a background portion.

If the determination result based on the difference
computed'by the difference computation section 116 is not
& 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 1s 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-
guantity holding section 202 is a section used for
holding a characteristic quantity in advance as the
characteristic guantity of a background, which is
specified from the input still image held in the image
holding secticon 112 in an operation carried out by the
operator as a sample. To put it in detail, bkefore the
image-processing apparatus is put in an actual operating
state, an input image including the background sample is
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embodiment of the present invention. The diagram is based on Fig. 1B. 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 the
characteristic quantity of each of the image portions. On the other hand, a background
characteristic- uanltity halding %?t]iogg is a section used for holding a characteristic quantity in

i

0
advance as the SRariististe q 54 BN Specifie PRy an op&Fation rried out by the

o e 0 R 58 i
secﬁon114fg%%@¥kgﬂgeggﬁ@g[%%ﬂ@%% input image to serve as a
background sample. The characteristic-gquantity
computation section 114 computes the characteristic
quantity of the background used as the sample and stores
the characteristic guantity in the background
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. 32 shows a typical image 301 of a sea 302, the
sky 303 and a ship 304 serving as an unidentified object.
The image is stored in the image holding section 112.

Fig. 3B shows backgrounds each specified as a
sample in an operation carried out by the operator con the
input section 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 secticon 114 computes
the characteristic quantity of each of the backgrounds
and stores the characteristic quantities of the
backgrounds in the background characteristic-guantity

holding section 202 as the characteristic guantities of
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with the background characteristic quantity held in the background characteristic-quantity holding
section 202 in order to produce a result of determination as to whether the image portion is a
background portion. If the determination result based on the difference 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- uantit}/nholding sgctiqC 202 is conn ct(\eksl to.a display section 203 and an input section
204. Thé dfsptay Saciion 203'is-4 Eofnionty knowif d%?ﬁ‘z%gu iP8UE 48 ah 1D thit. The

input section Zgé i% aegreantecr)'aflg ksnovxén.d@gigctsing‘ggv%gze S_;QCQ&? amouse. gbéslr?e%crgi#ed above, the
background c%aract%rlsnc-quantltfl)%ofL INg section 6715 Section use%j’for holding a characteristic

quantity in adyance ag{he chatacterisiic quantity af a backgraynd, which is specifigd from the input

still image held in the image holding section 112 in an operation carried out by the operator as a

sample. To pyti irgggtagegggg%ghgeimge-processing apparatus is put in an actual operating state,
an input image including the background sample is

Fig. 3C shows fine image portions generated by the
image division section 113 as a result of dividing the
image 301. The characteristic-gquantity computation
secticn 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(1) 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(Z}) and the
characteristic quantity of each of the image portions
S({l) to 3(25). To be more specific, the characteristic-
quantity differences seguentially computed by the
difference computation section 116 as the differences
between the background samples B{l) and B(2) and the
image portions S5(1) to 5(25) are listed as follows:

The difference between the characteristic
guantities of the background sample B(l}) and the image
portion 5{1};

the difference between the characteristic
guantities of the background sample B{(2) and the image
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displayed on the display section 203 and, then, the operator operates the input section 204 in order to
specify a range in the input image to serve as a background sample. The characteristic-quant
computation section 114 computes the characteristic quantity of the background used as the sample
and stores the characteristic quantity in the background characteristic-quantity holding section 202.
Figs. 3A, 38 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 tFiCaliffage 307 of a sea 302, the sky 303 and a ship 304 serving as an unidentified

object. The image is stared in.the image halding section 112. Fig. 38 shows backgrounds each
specified as a sampletlgﬁqgn %bgr% i%%%%?rﬁea& g%? k?)? thtehgpe?gfacf%%ttgﬁgJrr?p“ujt%ection 204 from the

image 301, Wé‘gh%[é 'gpégyedfo ]tltée glg rsqﬁtlign Qr% 'rl aceo dance with,the o leration carried out
by the operator. Thelcharact%risIt;Tlc-quant%!)?ééo?nputat%n ection g‘l’4 caol}n&\én?t%g tﬁép ERaracteristic
quantity of each,of the bagkgrounds and stores the characteristic quantities of the backgrounds in the

background characteristic-quantity holding section 202 as the characteristic quantities of the samples.
In the case of the image,shey!¥ in:Figr 34, the-gprerators specifies twae bacgkgreund samples 8(1) and

8(2), which are samples selected from the sky 303 and the sea 302 respectively.
gquantities of the background sample B{2) and the image
portion 5(2); and so on and, finally,

the difference between the characteristic
guantities of the background sample B{(l) and the image
portion 5(25); and

the difference between the characteristic
guantities of the background sample B(2) and the image
porticon S({25}.

Figs. 4, 5 and 6 show flowcharts representing
details of the operations described above.

Fig. 4 shows a flowchart representing preprocessing
preceding actual operations carried out 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 is commenced. Then, at the next step $402,
an input still image including samples to be specified by
the cperator 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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Fig. 30 shows fine image portions generated by the image division section 113 as a result of dividing
the image 301. The characteristic-quantity computation section 114 computes the characteristic
guantity of each of the image portions. As shown in the typical case of Fig. 30, the image division
section 113 divides the image 301 into 25 image portions 3(1) to 3(25). The difference
computation section 116 computes a difference between the characteristic quantity of each of the
background samples 8(1) and 8(2) and the characteristic quantity of each of the image portions 3(1) to
3(25). To be r%%?%)iﬁéc’c‘ific, the characteristic-quantity differences sequentially computed by the

difference computation.section 116 as the differences een the hackground. samples 8(1) and 8(2)
o 520 e Teted A Fone Tho Hradis betean e s

and the image portions (25) are eréhce between the characteristic

quantities of the b@j(_:ggr ngéaggplgﬁél)dg%%eﬁjnwsaggﬂqmor} g€1); the difference between the
p

characteristic quantities of the background sample 8(2) and the image
While visually confirming the input still image

displayed on the display section 203, at the next step
5404, the cperator operates the input section 204 in
order to enter the range of addresses cof every background
to be used as a sample.

Rfter the coperator verifies the specified address
ranges, at the next step 34C5, 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 still image and a characteristic
guantity cf the pixels is 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 5407, the
execution of the preprocessing represented by this
flowchart is ended.

Figs. 5 and & show a flowchart representing the
actual operations carried out Iin 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 S501 at which execution of the actual operations is

28



portion 3(1); the difference between the characteristic quantities of the background sample 2(1)
and the image portion 5(2); the difference between the characteristic quantities of the background
sample 2(2) and the image portion 5(2); and so on and, finally, the difference between the
characteristic quantities of the background sample 2(1) and the image portion 3(25); and the
difference between the characteristic quantities of the background sample 3(2) and the image portion
5(25). ths. 4 Signd 6.show flowcl}grts representing §§ ils of the operations described above.
Fig. 4 shows f?d@ycﬁ'u Tt réﬁ‘r%%ént?ﬁcg 5 eproce s%in%tﬁr%c |%% actial %)B rhtions tarried out by the
image-procegsin%{/app%rast%s accordineq EQAIIQe Ofirrstlt%rgbodiment.hﬁc\}sl %hown in @Jgifég“ure, the

201%
o ke L t . i
flowchart beglrI]ﬂsa ith a stepoﬁ% a'iLtIthlgh the execution of %I%neagr@eproces%?n% is commenced. Then, at

the next step,3402, 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 oggfator as: +he next step 5503, the characteristic-
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.

Subseguently, at steps feollowing the step $503, the
difference between the characteristic guantity of each of
the image portions and the characteristic quantity of
each of the background samples is computed.

£t a step 5504, a variable 1 is initialized to 1.
The variable i 1is a variablie used for identifying an
image portion serving as an cbject in the processing to
compute the difference bstween characteristic guantities.

By the same token, at a step 3503, a variable j is
initialized to 1. The variable j is a variable used for
identifying a background sample serving as an object in
the processing tc compute the difference between the
characteristic guantities.

Then, at the next step 8506, the difference between
the characteristic gquantity of a background sample B(J)
and the characteristic guantity of an image portion 5({i)
is computed.
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samples. Then, at the next step 5403, the input still image is displayed on the display section 203.
While visually confirming the input still image 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 still image and a

L

characteristic quantity BFeé BKeTEiS onfitutdd fortith of & address rafGes THenT e
characteristic %uantitieé are held in the backgrougg_ fggr%cégristi{hc-qﬁtéantit%/ﬁhmdié'ug

The

C 1n n‘prﬁﬁess Ca Lo dtl
e execution o € preprocessing representeé

at the last step

BX07,1 by

s6ec£|on 202. Finally,

&lowchart'is ended.

Figs. 5 and 6 show aflowehart rgpﬁé&?@'&g g}gr%%tﬁegl%%og;gt'%%s %%{thgn‘?% In,an gperating state by

the image-processing apparatus 201 according to the first embodiment.

advance. If the determination result indicates that the

difference 1s at least egual tTo the threshold value, the

flow goes on to a step 5508 at which a flag variable f

(i} is set at 1. There are provided as many flag

variables £ (i) as image portions (i). A flag variable f

(i} can be set at 1 or reset to 0. 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 3508 at which the flag

variable £ (i} is reset to 0.

Then, at a step 5610 following the step 5508, the

variable ] 1s examined whether or not the variable 7 is

at least egqual to a sample-count maximum valus. In

case of the typical input still image shown in Fig.

through 3C, the number ¢f background samples (3j)

the

34

is 2.

Thus, the variabkle 7 is examined whether or not the

variable 1 is at least egual to 2. If the determination

result indicates that the variable 37 is at least egual to

the sample-count maximum value, the flow goes on to a

step 5611 at which the variable i is incremented by 1. If

the determination result indicates that the wvariable j is

smaller than the sample-count maximum value, on the other
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As shown in Fig. 5, the flowchart begins with a step 5501 at which execution of the actual operations is
started. Then, at the next step S502, an input still image is stored in the RAM of the image holding
section 112. Then, at the next step S503, the 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. Subsequently, at steps following the step S503,
the difference between the characteristic Quantity of each of the image portions and the characteristic
quantity of egﬁpé\gthéqb cﬁc&%‘ﬁngos%?nﬁgs iedmpUitel. =LAt st8p S804 A%variable i is initialized
to 1. The varigble.iis a variable used for |d%r(1etgylg§]r an .|ma%gi%£z. portion Ee%n%%?% nobjectin the

processing to compute the difference between characteris lq%aﬁﬁtiese. b & samestoken, ata

step S505, a variable; is, inifalized 10 L. The variable i is, a variale ysed,for idenfying.a background
sample serving as an object in the processing to compute the difference between the characteristic
quantities. opiect of the processes carried out at the step S506 and

the subsequent steps.

At a step 5613, the variable i1 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 variable 1 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 $505 without carrying the processes
for the sea used as the second background sample because
the present image portion (1) is known to be an image
portion of the sky anyway.

If the determination result indicates that the
variable 1 1s at least egual to the image=-portion-count
maximum value, cn the other hand, the result of the
determination i1s interpreted as a determination result
indicating that all the image portions (i} have been used
as objects in the processes carried ocut at the step S505
and the subsegquent steps. In this case, the flow of the
operations represented by this flowchart goes on to a

step 8615 at which all the flag variables £ (i) are
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Then, at the next step S506, the difference between the characteristic quantity of a background
sample B(j) and the characteristic quantity of an image portion S(i) is computed. Subsequently,
at the next step S507, the difference computed in the process carried out at the step S506 is
compared with a stored threshold value determined in advance. If the determination result indicates
that the 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) APt at t or&etdd 0 fis t0'6E fotet! thaf, ifthe Getemmngtidn result indicates that

the difference is;_smcfélle{ than the threshold value, on the other hand, the flow goes on to a step S509
at which the f‘?a?g“vgrlab e f (i) is reset to 0. Then, at a step S610 following the step S508he

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

If the determination result indicates that there is
a flag wvariable £ (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 £ (i) set at 1 is not an image portion of a
background, but an image pertion of an unidentified
object or z determination result indicating that an
unidentified object exists on the image portion (i1}.

That is to say, 1f the existence ¢f an unidentified
obiect is recognized, the flow of the operations
represented by this flowchart goes on to a step 5616 at
which an alarm is ocutput. Finally, at the last step S&17,
the execution of the operations represented by this
flowchart is ended.

In accordance with this embodiment, a background
gample is specified in advance by carrying out a manual
operation. Thus, the embodiment has a shortcoming that
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variable j is examined whether or not the variable jis at least equal to a sample-count maximum value.
In the case of the typical input still image shown in Fig. 3A through 30, the number of background
samples (j) is 2. Thus, the variable j is examined whether or not the variable j is at least equal to 2. If
the determination result indicates that the variable j is at least equal to the sample-count maximum
value, the flow goes on to a step S611 at which the variable i is incremented by 1. If the determination
result indicates that the variable j is_smaller than.the sample-count maximum value, on the other

and, the o Joesoh A Sab SE12 S e THe Sandbid e briia by £ T1e bscause

there is still a;hackground sample;(0) that.remains to serve a3 an object tthe progesses.carried out at

the step S506 and the Subsequent steps. At a step S613, the variable i is examined whether or

not the variahle i is-atlgastequal to.ap imagepartign-gountmaxinuun yalue, i the determination result
indicates that the variable i is smaller than the imageportion-count maximum value, the flow goes on to

a step S614 atwhigh she yadable f is-inerespentgdthy I.chhen, the-flaw of the qreratiens rgpresented
by this flowchart goes back to the step S505 without carrying the processes for the sea used as the
second backgiotind<saniple bebatsesthe presestimagedortien @)xis khown togbean image portion of
the sky anyway. If the determination result indicates that the variable i is at least equal to the
image-portior-cothEmakiaiing value; onhthe otterdana; the resalt of tHeodetphiration is interpreted
as a determination result indicating that all the image portions (i) have been used as objects in the
processes caifiéd Bufat thESteS805 ahliithe stbBedifent Skepss Vs E8se, the HBWstthe

operations represented by this flowchart goes on to a step S615 at which all the 'lag variables f (i) are
recognition of an unidentified object may probably be

carried out undesirably.

If the characteristic guantities of the backgrounds
are known sufficiently and proper settfing is made for the
proper object of monitoring on the basis of the
characteristic guantities, however, the embcediment is
capable of well exhibiting its functions. Anyway, the
method according to the embodiment can be applied to
cases in which the characteristic guantities of the
monitoring cobiject hardly change, the phoetographing
operation 1s carried out without changing the
photcocgraphing angle of the image-taking camera 102 and
background samples can be newly specified 1f the
characteristic guantities change.

By the way, the way in which the size of the image
portions is determined varies a little bit, depending on
the cbiect of monitoring. In the case of a background
forming a complicated pattern, for example, if an
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examined 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 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 indicgting th%i;ge image %ortion (i) with a fla%variable f (i) set at 1 js not an image

portion of a b&Ak§rotAd “But afiaye pdttioR of AR UndEHEfiel Objett OF a'detéMinafic result
indicating that an unidceen%iiigg ngect existscon the irg%%e g%rt.igg éi)'ima That iscto sa%/, if the existence

of an unidentﬁle%roabcfect IS recognﬁ%%?t e flow of The operations represqeentgg %yjtﬁ% lowchart goes on

o a step S616.afyhich,an alarm isoutput. Fipally . ah the lagtstep 561y, the exegution of the

operations represented by this flowchart is ended. In accordance with this embodiment, a

background sample s specified insaduance hy-caping.edta manyal eperatign, Thus, the embodiment
has a shortcoming that the embodiment is not capable of keeping up with a change in background

characteristice Toput ieongreiely: et us assumecfios example thata seasseresas a background. In
this case, if the sea gets rough due to the weather or the relation between the sea and the sky serving

as another backgeound, chargesdrecafise the phatographiig anglegnfdhe image-taking camera 102 is
varied, incorrect recognition of an unidentified object may probably be carried out undesirably.
computed for the image portions are undesirably difficult
to observe. It 1s thus necessary to properly change the
size of the image portions in accordance with the obiject
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 trial-and-
error basis while carrying out trial operations prior to
the actual operations of the image-processing apparatus
201.
The descripticn given above i1s summarized as
follows. The core component of the image-processing
apparatus 201 according to the embodiment is a
microcomputer operating 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 portions having uniform shapes. The characteristic-

guantity computation secticon 114 computes a
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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
is capable of well exhibiting its functions. Anyway, the method according to the embodiment can be
applied to cases in which the characteristic quantities of the monitoring object hardly change, the
photographing operation is carried out without changing the photographing angle of the image-taking
camera 102 and background samples can be newly specified if the characteristic quantities change.

By the way, tfe' a5 h WhicH tHe S7&BF theYimkiye Fotibnsis detémiad vanes airtehbit, depending

on the objectr%mocrkitgringtln the case of a back rougd forming a complicated pattern, for example, if
an 33 excessively SHiaICSize bfthe imagePortions 3 7set, tHe g%&?&%tﬁ%ﬂ%w of each of the

image portiong cannot be sg'd %)agﬂercomgu%a{pil’e.a{f th‘gnshil%ﬁofO an ggiglgggfi da gbjgct to be detected is
small and an excessively siall size drth image polpuons IS seﬁ%owever, C ange(se%?the

characteristic.quanilies rompulesor e mag mertions arg yadesitably difictyo observe. I i thus
' ' ' th the object of

necessary to properly change the size of the image portions in accordance with't

monitoring. FerWisipasgnsitisiprobablynice to deternming an optimymysizg of the-image portions in
advance by properly changing the size on a trial-anderror basis while carrying out trial operations prior
to the actual operations©f diepgerpiocessing apparatus 28karacteristic 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 i1s determined to be an image portion of
the background. 1In 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 is pcssible 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 cobject. As is obvious from the above
description, the processing described above includes a
process to compute a characteristic gquantity for each of
the image portions obtained as a result of dividing the
input still image and a process to compute the difference
between the characteristic gquantity computed for each of

the image portions and the characteristic guantity of the
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The description given above is summarized as follows. The core component of the image-processing
apparatus 201 according to the embodiment is a microcomputer operating 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 portions having uniform shapes. The characteristic-quantity
computation section 114 computes a characteristic quantity for each of the image portions. The
characteristic Gaki ¥ £ ba8RStond sample specified by carrying out a manual operation has been

stored in advance as azvqlqe &%g é}lg:'t rm1jrl]e in q%vancg jr%thecback ro%nd characteristic-quantity
holding section 202. The difference between the characteristic q?fg}ﬁ t acojrﬁ’&ltgﬁ? &ach of the

image portions and th%ctg%rgﬁge isfic quanti the background sample. is found and compared with a
threshold value determined in aégvance. Angl(l%gée@b%rt?on%nvﬁﬁacdgif?é:rgeﬁgé folihd" gr%éﬁgr ﬂ{w)an the
threshold valyg,is-defermingd te 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 describedeabove; it is;pssible fo produceratesultof determinagon as to
whether an image portion is an image portion of a background of an image portion or an unidentified

object. As is aviousfsamdbe abeve deseription; theyprocessing deserikednabeve inghigles a process
to compute a characteristic quantity for each of the image portions obtained as a result of dividing the
input still image and a Biecessdo €ompute thetdifferencerbetieeai the charaetetistic guanrtity computed
for each of the image portions and the characteristic quantity of the
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
guantity of an image is not a single scalar guantity.
Instead, the characteristic quantity of an image is a
matriz having a number of elements.
Figs. 7A, 7B and 7C are each a rough explanatory
diagram referred to in description of a color histogran,
which is one of methods to compute a characteristic
guantity and common to all embodiments of the present
invention described in this specificaticn.
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 zll 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 pizxels.

Fig. 7B shows the background sample extracted from
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background sample. 2.1: Characteristic-Quantity Computation Method A method for computing a
characteristic quantity is explained as follows. 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 matrix having a
number gf elé:r%%n gr.lpug yﬁi@%.lgA,l?é%%dq are’ 851;6?1 é?o%ﬁ?éxnglg:ﬁa%o %Iiagram referred to in

o SRRl e ghmisloteso sopntleseagerin aupthy nd
of.the sea 702. As shown in Fig. 7B, wave splashes 704
exist on the sea water 705 c¢f the background sample. The
sea water 705 15 composed of blue-color pixels whereas
each ¢f the wave splashes 704 is compesed ¢f 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 & wave splash, a
blue-color area 708 expressing the sea water and a black-
colored area 7092 expressing the ship, which is 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 color histogram of a
colored image is data representing color appearance
frequencies each counted for pixels in the colored image.
The color histogram can aliso be regarded as data obtained

as a result of discretely spreading color dots composing
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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 the input still image 701
shown in Fig. 7A. The background sample shown in Fig. 7B is an enlarged portion of the sea 702. As
shown in Fig. 7B, wave splashes 704 exist on the sea water 705 of the background sample. The sea
water 705 is CoMipGEEdCSftudRoRT paldts Whefedieadh < iRe wave SpashesSiiasis Sbmposed of

white-color pi)é%IGSB. SameFi%. 710 shows a matri%< 706 of all color components. Values of pixels existing in
the input image Showh i Fig: 7A &2 curnuiatively Ad8ed die Y ohe to AP ERRTENt indilidéd in the

matrix 706 ast%e%g%lbe{g gorresponding :tlostkhleo%i]%_(elgyézsn a result, pixel values are concentrated in a
white-colored area 707 expressing a'wave splash, a“BIue-coPor area 708 expressing the sea water and
a black-colored area 789 gxpregsinggthe sip, whickss an-unidentified gp}jggg,\ That is to say, it is
probably nice to have the reader think that a curved surface like the commaon y known Gauss curved
surface is forragg in gaeh of the whiteseolored areas7Q% the biliescolorad area 708.and the
black-colored area 709. As explained above, the color histogram of a colored image is data
representing eeler;appesranee freguencies eaph counted ferpixelsrin dhe eslorediimage. The color
histogram can also be regarded as data obtained as a result of discretely spreading color dots
composing 3Zzharacteristic guantity. The fregquency-analysis method to

compute a characteristic guantity can be used as a method

e
: k)

commen te all embodiments of the present invention
described in this specification.

To be more specific, Fig. BA 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 is 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. 8C shows a typical graph obtained as a result
of plotting the brightness cof pixels composing the input
image sequentially in the direction from the left to the
right. As is obvious from the figure, the brightness
level of pixels composing the sea water is low while the
brightness level of pixels compesing a wave splash is
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the colored image and then collecting the color dots of the same color component for every color
component. Thus, the pattern concept is lost from the generated data. Figs. 8A, 83, 80 and 8D are
each a rough 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 inptEimagé poftion-861 Eielsdine s Bfst shown'ih Fig 222, That &8s, fiie portion
80lisa portior}oft sea. A back%roung sample sgown in Fig. 82 as a}back round sample extracted
e GHHBR 80175 8in LHTarREFoRidh SFinE iRy B6tion 801, The

from the input-ima
background sample shown in F'@y 8B is a \gg\ée sglggh.f?_i%(gls 802 of ?%waveggkaggtare bright while

pixels of the sea Water are dark; SlSFfB? sﬁows a typlcaﬁélr%p% obtained as'a fesult of plotting the

brightness of Qgg}&&atrgpqgng the inpuyt i@@ggﬁgﬂ%%y {rh@ef@éqﬁigg é&?m the left to the right. As

is obvious from the figure, the brightness level of pixels composing the sea water is low while the
brightness levehaf pixels:composing awave. splash is

Fig. 8D shows a typical result of the freguency-
analysis methbd. In accordance with the frequency-
analysis method, the waveform plotted in Fig. BC 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 betweesn the freguency
represented by the horizontal axis and the luminanée
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 accerdance with the
freguency-analysis method for finding a characteristic
quantity, 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 i1s expressed by freguency
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high. Then, the graph obtained in this way is handled as if the graph were the waveform of a signal.
The frequency-analysis method for finding a characteristic quantity is a method of analyzing the
frequency components of the signal. Fig. 80 shows a typical result of the frequency-analysis
method. In accordance with the frequency-analysis method, the waveform plotted in Fig. BC is
subjected to a Fourier analysis and the result of the Fourier analysis is represented by a curve shown
in Fig. BD as a cure expressing a relation between the frequency represented by the horizontal axis
and the luminarnic T 1f‘tscfpresented by the vertical axis. Eventually, pieces of data represented by the

curve are putin a matrl'gx. The_elements 9f the matrixgre each a fre encgcgogné)onent of a signal
. lg . 9 l% (ﬁX anatozﬁ' Lagrains re eri\ .61’1 N
having a waveform represénting the Tuminance of the input Image. s described above, in

accordance wilhthe fiscusncy analysis methogtfoc fndlog & charagterstc guanly,a waveform

representing luminance-level changes from pixel to pixel is created and subjecte tg the Fourier
transformatiog for.analyzing frequency 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 frequency, cempRReBtsspecifFige 9 isexplanatosy, dingrams refepred:tg i description of
a simultaneous occurrence probability matrix.

pixels Pl and P2 of an image. The separation of the two

pixels Pl and P2 from each other is represented by a

distance r and an angle 8. A relative position function &

is a function dependent on the.distance r and the angle &.

The relative position function & is expressed as & = (r,

B).

Fig. 9B shows the pixel PZ as the next pixel
adjacent to the pixel Pl for a case in which the relative
position function 3 is expressed as & = (1, 0°).

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

The simultaneous occurrence probability matrix is a
sguare matrix. The elements of tLhe simultaneous
cocurrence probability matrix are each a luminance value
obtained 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. 9A shows two arbitrary pixels P1 and P2 of an image. The separation of the
two pixels P1 and P2 from each other is represented by a distance r and an angle G. A relative
position function 5 is a function dependent on the distance r and the angle e. The relative position
function 6 is expressed as 6 = (t, Fig. 9B shows the pixel P2 as the next pixel adjacent to the pixel
P1 for a case in which the relative position function 5 is expressed as 6 =00) On the other hand,
Fig. 90 shows the pixel P2 as the pixel rigiht above the pixel P1 for a case in which the relative position

function 6 is expressed 536 1 {160)2*PLaPRE SimuIREEEBEC R SrobaBfify Makdk is a square

matrix. The eéelryler#ls f éi&e si(gn%{t neous oceurrence pgoé)gbili%yomg}}rg(eare_ e%cc? a luminance value
obtained as & fésult o cumutlative?y adéin@ 4 CSmbinatiS 8 lumindh e Ve t\%/%%?)?els separated

away from each et by a fked dellve ROSTSDIIoN @ Ip heduminancgyalue. Fig. 10is
implifie [

explanatory diagrams showing image data si to make explanation easy to understand and a

simultaneous.qceurtence probability matix also simplified fo make the explanation easyto
understand. To be more specific, Fig. 10A shows data of an’image having 16 (= 4 x 4) pixels with
four luminance levels,thatjs, lpvrance-levels O tor8.g. 10a shows data of an
image having 16 (= 4 x 4) pixels with four luminance
ievels, that is, luminance levels 0 to 3.
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 cccurrence probability matrix shown in
Fig. 1CB from the image data shown in Fig. 10A for a
relative position function & = (r, 8) = (1, 0°).
Let us assume that ccordinates {0, 0) shown in Fig.
10A are the coordinates (x, y) of the pixel Pl. 1In this
case, the ;oordinates {2, v) of the pizxel 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 a2 luminance level at the
position with ccerdinates (i, 1) = (0, 0y. In addition,
since a reciprocal counting operation is carried out, 1
is further added to ﬁhe luminance level at the position
with coordinates (i, j) = {0, 0}.
Then, let us assume that coordinates (1, 0} shown
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Fig. 102 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. 108 from the image data shown in Fig.
10A for a relative position function 5 = (r, 9) = (1, 0). Let us assume that coordinates (0, 0) shown
in Fig. 10A are the coordinates (x, y) of the pixel PI. In this case, the coordinates (X, y) of the pixel P2
are (1, 0). As shown in the figure, the luminance level i of the pixel P1 and the luminance level j of the
pixel P2 are BEthT:Srhus 2 i€ 88déd Fo GIThHERRE F6vel At the! pdstio itk t86rdifates G, j) = (0, 0).
In addition, sanet%r.eciprocal coi%ltin operation is qcarried out, 1is f&gther 1addfd ‘;% therluminance
level at the pégitionjvﬁthcgt)soerdiné 65 g,%)g)gd(b?ﬁ)fei‘her(ﬁ‘{l’et & agéiumeethgt‘"cxo%rdihate%‘ﬁ, 0) shown

in Fig. 10A ar&éheogq_ordixrgat%%g))% %)eﬁilth&gix%li%b gﬁt’hi ¢ase, é?giﬁ%%rggna_{%% Q(I yl ogtp_e pixel P2

are (2, 0). As shown in the figure, the luminance | of the pixe Is 0 whereas the luminance level

jof the pixel Pps 3. Thus,gk is:added io.a luminapge levgliat the position with goordinates (i, ) = (0, 1).

In addition, since a reciprocal counting operation is carried out, 1 is added to a luminance level at the

position with gogedinates {iz )= (11Q)ys, 1The operatione caunt wp; thervalue ofa matrix element
representing a combination of luminance levels of pixels separated away from each other by a relative

position functier 6assdescribed apove i earriedwil far:all pixels. That is ta saynthe simultaneous
occurrence probability matrix, which is a square matrix, is a counter matrix with each element thereof
representing el htitdaey of times aacarabiiration ®f luminandelevelscofdwbdqixels appears.
carried out, 1 1s added t¢ a luminance level af the
position with coordinates (i, 1) = {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 & as described above is carried out for
.all pixels. That is to say, the simultaneous occurrence
probability matrix, which 1s a sguare matrix, is a
counter matrix with each element therecf representing the
number of times a combination of luminance levels of two
pixels appears.
Let us keep in mind that it is the monitoring-
system designer who makes a decision on whether the
reciprocal counting operation 1s to be carried out.
From the property of the simultaneous occurrence
probability matrix, it is desirable fo use a plurality cof
relative positicon functions in order to generate a

plurality of simultaneous occurrence probability matrixes.
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Let us keep in mind that it'is the monitoring-system designer who makes a decision on whether the
reciprocal counting operation is to be carried out. From the property of the simultaneous
occurrence probability matrix; it is desirable to use a plurality of relative position functions in order to
generate a plurality of simultaneous occurrence probability matrixes. By adoption of these
methods for computing a characteristic quantity, a characteristic quantity expressed in terms of a
matrix having a large number of pieces of data is found for each of image portions obtained as a result

of dividing an image. 2Y A°GREretteBetvBET BallF b HidSe LompirBE thaf’tdtistic quantities and

a characteristi%guant%'% found and held intadvance as the charac'%:eristic quantjty of typically a
background scamﬁ:lgcijs ound-and ur%rﬁgrledywnﬁa%ﬁ%‘gﬁglﬁ%ﬁe dstePiriEd ih‘advance. In the

following desgription, the, processing to Sompute such. ahdlfferenc% |slreferred to as a

e reds r of . .
characterlstlc-é antity ﬁﬁference computation process to ‘e described fater. " Lét Gs keep in mind

that it is the manitaringzsystem designer whe properly sglects one.of the charagteristic-quantity

computation methods used as the examples in the above description by considering a tradeoff
between the precision.af the computed characteristig:.quantities aad the amount of computation

processing. 2.2: Characteristic-Quantity Difference Computation Methods

A difference between each of these computed
characteristic guantities and a characteristic guantity
found and held in advance as the characteristic guantity
cf typically a background sample is found and compared
with a threshcld value determined in advance. In the
following description, the processing to compute such a
difference is referred to as a characteristic~guantity
difference computation process to be described later.

Let us keep in mind that it i1s the monitoring-
system designer who properly selects one of the
characteristic-gquantity computation methods used as the
examples in the above description by considering a
tradeoff between the precision of the computed
characteristic gquantities and the amount of computation
prﬁcessing.

2.2: Characteristic-Quantity Difference Computaticn
Methods

In accordance with the characterigtic-guantity
computation methods used as the examples in the above

description, a characteristic guantity is found for each
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In accordance with the characteristic-quantity computation methods used as the examples in the
above description, a characteristic quantity is found for each of image portions obtained as a result of
dividing an image. All the characteristic quantities are each expressed in terms of a matrix having a
large number of pieces of data. 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 daFta of the two matrixes. The two matrixes are a matrix representing a characteristic

quantity found for ZIfiATade portioh anda Al it repredenting the charattetstic tiaffity of a

background s%rrpéple. Al'Eh%rﬁeare a varie{gy of, known exis;jlr%q ethods for find'&ﬂng the degree of

o . 1 1 i . }
similarity betweerr the dafa of the tv?/oarr%aatﬁxeeé{@&:rﬁ"g ofthe methods are Tisted as follows: (N: SAD

(Sum of Absolytg DIHSIENCES) + o ypfiN QQS%JU%QJ‘E%?”HS‘PE}@Q%” &%er:éae'“%% two garresponding
elements in the fwo matrixes is found for each pair of such matfix elements and a sum of such
absolute diffeggncesds gempaited. '

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 date 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 gquantity 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. Some of the methods are listed as follows:

{(1y: SAD (Sum of Absclute Differesnces)

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
absolute differences is computed.

{2): S8D (Sum of 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 sguared differences is computed.

{3): Normalization
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(2): SSD (Sum of Squared 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 computed. (3): Normalization Each matrix element is
handled as an element of a vector and the inner product of the two matrixes is found. That is to say,
the product of two corresponding elements in the two matrixes is found and a sum of such products is

computed. , _ -
Each matrix element is handled as an element of a

vector and the inner product of the two matrixes is found.
That is to say, the product of two corresponding elements
in the two matrixes is found and a sum of such products

is computed.

The characteristic-guantity comparison processing
is carried out in order to eventually find a difference,
which is a single scalar quantity.

The computed difference is then compared with a
predetermined threshold value held in advance in crder 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 one of the
characteristic-guantity difference computation methods
used as the examples in the above description by
considering a tradeocff between the precision of the
computed difference and the amount of computation
processing.

The characteristic-guantity computation methods and
the characteristiéwquantity difference computation
methods described above can each be selected and adopted
as & 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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The characteristic-quantity comparison processing is carried out in order to eventually find a

difference, which is a single scalar quantity. 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 one of the characteristic-quantity difference
computation methods used as the examples in the above description by considering a tradeoff
between the ffetiston-oftheonihuted tffferen&ean® fferamstntftcmputBiiah prcessing.

The characteristic-quantity computation methods and the characteristic-quantity difference
computation MethodsHestfiBed BBode caf eathi B sdiEdted and 2tlopieas & éthBdEBmmon to the

image-processing apparatus according to the first embodiment as well as image-processing apparatus
according to ?ggg?ﬂ%pﬁhir%%?our%e%%%gfﬁ% ég‘rrﬁgc’)ftyi?nlesrltéﬂ fo-be Ge&éribe Iateejrg‘\" &8%588y, for any

one of the e@@8@?’%&%@%@2@%@%@9@%@%WSQ’ (;gloae r{rg)qeueeglg}%)a{]‘glcysgssmgthod or the

simultaneous occurrence pr ility method can be adopted as a chiaracteristic-quantity computation

method whereas the SAD: SSP-ornamalization methad ean be adopted,as a.sharagtgristic-quantity

difference computation method.
SAD, SSD or normalization methed 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
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
foliowing descripticn 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 i1s 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-guantity computation section 114 for an
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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 configuration shown in Fig. IB. 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 chapattemstietgurintn Holiing sedior 2D 2amployed i therfirgeembdditment is replaced
with an average-value holding section 1102. The average-value holding section 1102 is a unit for
computing the average V&lué of ERARIES ItV e edth cOMuted by the SRBRIEIE Rtic-quantity
computation se.céif%n 114 for a iyage portion and holding the computed average value. The
difference comphtatioi &ettion 1 18 CempUtss differéites efl the'abdrabBYalue held by the
average-value holdin §%c§50@el}10218nd characteristic vrzglléjfs eaghc%)gnrput%d bX éttlﬁ -

characteristic?afuea%% computatloﬁ section 174 asthe %: aracteristic quaﬁﬁtyeoj? an‘image portion. If a

difference co@Qﬂ(ggsbye@&diggmgec&n%utg%%n %%céigg C’Ié&fgg@g émgggrpgﬂ? indicates that the

image portion is a portion of an unidentified object, an alarm is output. Figs. 12A, 12B and 12C
are diagramsoughly showing:.an.inpit image pbtained as g result of operations; carried oyt by the

image-processing apparatus according to the second embodiment.
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-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 object.

Fig. 12B shows a average-value holding section 1102
for holding a value computed thereby as the average value
of characteristic guantities S(1) to 5(25) each found by
the characteristic-gquantity computation section 114 as
the characteristic quantity of one of image portions
shown 1in Fig. 12C. That 1is to say, Fig. 12B shows an
average value obtained by dividing the sum of the

characteristic guantities S5{1) to S{25) by the number of
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To be more specific, Fig. 12A shows an image 1201 including a sea 1202 and a ship 1204 serving as
an unidentified object. Fig. 12B shows a average-value holding section 1102 for holding a value
computed thereby as the average value of characteristic quantities S(1) to S(25) each 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 quantities S(ﬁ%to S(25) by the number of aforementioned characteristic quantities
5(1) to 5(25). 3 PHSEEBE e Fner Gt SFGrehiontinad 8Rarakictistie ghanfife$s5EY to 5(25) is 25.
As described above, the difference computation sectign 116 computes differences between the
average value B idld Dy A8 averdtfe-VAlE biding EeGorfio2 SitE Ch&atietistic varied @ach
computed by the characteristic-quantity.computation,section 114 as the characteristic quantity of an
ot Computator Sactoh 11

. ) t : . i :
image portlonc.‘”ﬁré différence ction computes the differences sequentially one

ggfrgﬂgg after anotheg, T, puLt egnerelgly.Jhe difference-¢amppytation section 116 sequentially

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~guantity computation section 114 as the
characteristic guantity of an image portion. The
difference computation section 116 computes the
differences sequentially cne difference after another. To
put it concretely, the difference computation secticn 116
sequentially computes:

the difference between the average valus B and the
characteristic guantity S{1); then,

the difference between the average values 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 3$(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 51301 at which
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the difference between the average value B and the characteristic quantity 5(1); then, the
difference between the average value B and the characteristic quantity 5(2) and so on. Finally,
the difference computation section 116 computes: the difference between the average value B
and the characteristic quantity 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 51301 at which
execution of the actual operations is started. Then, at

the next step 51302, an input still image is stored in
the RAM of the image holding section 11Z.

Subsequently, at the next step $1303, the
characteristic—guantity computation section 114 computes
the characteristic gquantity 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 isg
computed.

Subseguently, at steps following the step $1304,
the difference between the characteristic quantity of
each of the image portions and the average value B is
computed as follows:

First of &ll, at a step S1305, a variable 1 is
initiaglized tc 1. The variable i is a variable used for
identifying an image portion serving as an object in the
processing To compute the difference between the
characteristic guantities and the average value.

Then, at the next step 513206, the difference
between the average value B and the characteristic
guantity of an image portion (i) is computed.

Subsequently, at the next step 51307, the
difference computed in the process carried out at the
step 51304 is compared with a stored threshold value
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execution of the actual operations is started. Then, at the next step S1302, an input still image is
stored in the RAM of the image holding section 112. Subsequently, at the next step S1303, the
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 valuB BRI EMGted AsTONGRES 11 FisE6fall At B 1) 83385 78 V4riabIR T is initialized to 1.

The variable i is a varlabI%bused f%r ngntl, |n%%nrl%@en%grtlgggerv1 as an object m%he processing

determinatign a = . L. erence 13 a
to compute the Bl%rence eotween the cﬁarac eristic quantltles an %he average vaFue. Then, at

the next St‘?pls? 206. 4 Q'E[fEJE%”QPn%etWﬁ%QéH%f&e@fu"ea.'“e Pfa%‘?é%‘ed%?;%{ %@Hé@% guantity of an
image portion (i) is computed. Subsequently, at the next step 51307, the difference computed in
the process cartied put atihe step S1304 is campareebwith astored fhreshold value .1 o

the threshold value, the flow goes on to a step 51308 at

which a flag variable f (i) 1s set at 1. There are

provided as many flag variables £ (i) as image porticns

{i}. That is to say, a flag variable £ (i) 1s 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 S1307 indicates that the

difference is smaller than the thresheld value, on the

other hand, the flag variable £ (i) 1is reset to 0 in

order to indicate that the image portion (i) is an image

portion of a kackground.

At the next step 51409, the wvariable i is examined
whether or not the variable 1 is at least equal to an
image~portion~count maximum value. If the determination
result indicates that the varilable 1 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 flow goes back to the step £1306. If the
determination result indicates that the variable i1 is at
least egual to the image-portion-count maximum value, on

the other hand, the result of the determination is
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determined in advance in order to produce a result of determination as to whether or not the difference
is at least equal to the threshold value. If the determination result indicates that the difference is at
least equal to 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 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 S1307 indicates that the difference is smaller than the

threshold valdé ‘Grresother Rand tHE AagTanabrdti) 1S reskt to-0H rderid irfdicste 3Rat the image
portion (i) is an image portion of a background. At the next step S1409, the variable i is examined
whether or n&ir}fﬁe gg‘ﬁgﬁleg% At 1REst gdlfa?ﬂ?gﬁ iREGE-portioh-Eourt MEImEim YaloBSIf the
determination result indicates that the variable i,is smaller than fhe image-portion-count maximum
value, the flow goesonto a strep ST410 at wihich the variabls Tis incremented by 1. Then, the flow

goes back to g%gtgg@?@% 1L_fégg determipatiqn Eeasyétrin@ﬁ%:eﬁtg%t tgg e}/] ri§gleg d'_s at least equal to
, e

the image-portion-count maximum value, on the other hand, the result of t etermination is

interpreted as;adetermination-result dndicating-that aH the image.partians (i) have, bgen used as
objects in the processes carried out at the step S1306 and the subsequent steps. In this case, the flow

goes on to a stepnS1Ad atwhiehall the flag vatiables f £} are examined:in erderto - praduce a result of
determination as to whether or not there is a flag variable f (i) set at 1.

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 £ (i} set at 1, the result of the
determination 1s interpreted as a determination result
indicating that all the image portions (1) are image
portions of the backgrounds or a determination result
indicating that there i1s no unidentified obiject. In this
case, the flow goes on to the last step $1413 at which
the execution of the cperations 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
determination 1s interpreted as a determination result
indicating that the image portion (i} set at 1 is not an
image porticn of a background, but an image portion of an
unidentified object or a determination result indicating
that an unidentified cobject exists on the image portion
(1). That is to say, if the existence of an unidentified

object is recognized, the flow goes on to a step 51412 at
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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 () are
image portions 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 S1413 at which the execution of the operations
represented by this flowchart is ended. 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 imag® pbftibrAR) $éatm isSobanritage poriien ¥ a bakkgoand alsi srtinfagelgdriion of an
unidentified object or a determination result indicating that an unidentified object exists on the image
portion (i). That'fs BEEF RS eRiStemid JRP FidéntTicl BhI6R 38 Fétdghizel™he flow goes on to a
step 31412 atf511 which @n.alarm (IiS output. Finally, at the last step S1413, the execution of the
operations repre%‘éﬁ%éadrby this flowehdrt is ended. The description given above is summarized as
follows. The core component of l;pe imt??g{pégc%%sgr%%ap%arat%lal%oilz%%coarlging to the

. . . eSCrL O 1 Su
embodiment is a microcomputer opéPratllng execution of sojftware.

follows.

The core component of the image-processing
apparatus 1101 according to the embodiment is a
microcomputer operating by execution of scftware.

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 intc image portions having the same size and the
same shape. The characteristic-guantity computation
section 114 computes a characteristic guantity for each
of the image pertions. Then, an average valuse 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 quantity computed for esach of the
image portions 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
threshold value i1s determined to be an image portion of

the background. In this case, a flag provided for the
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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 quantity for each of the
image portions. Then, an average value of the characteristic quantities of all the image portions is
computed and held in the average-value holding section 1102, which includes the RAM 105. The
difference befi&E#the thiatatte ASticditifrcorap R dFBr S8EVET thelifnbge poktidhsand the
average value is then found and compared with a threshold value determined in advance. An image
portion with a°iFErENE85und smaiérthan the threshold value is determined to be an image portion
of the background. In t%c, case, a flag provided for thghsz image portion determined to be an image

portion of the backgrount i reSet 1505 - ¥ *P¥nS by Carmying Sat the: (ocesdiitg B&Seribed above, it is

possible to prgggg%a r@@ulg f%%t nation as to whether_an image partion is an image portion of a
background of an image portglo orS gﬁ %]%de@n%figé 2 J%Ccfta. AS igeo%l\%lgcus%‘?om the above description, the

processing degcribed above includes.a processda compiie the eharactsyisticquantity fog.each of the

image portions obtained as a result of dividing the input still image and a process to compute the
difference betwaenithe charactetsticguantity eemputed-fareach,otthemageportions and the

average value.

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 between the characteristic gquantity computed
for each of the image portions and the average value.

4: Third Embodiment

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

The third embodiment is different from the seccnd

embodiment in that, in the case of the third embodiment,
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4: Third Embodiment Figs. 15A and 15B are block diagrams showing an Image-processing
apparatus 1501 according to the third embodiment of the present invention. The image-processing
apparatus according to the third embodiment is based on the configuration shown in Fig. IB. It is to be
noted that sections common to the second embodiment explained earlier by referring to Fig. 11 are not
explained again in the following description in order to avoid duplications of explanations. The

third embodiment is.different from the second embodiment in t,.in the case of the third embodiment,
the third emlgglemé%r}ﬁiézfnéplgggsb 8%@%562%%%%9%-(%? 'or‘f‘%@&ht Bnpaisdn &b 1304 and a

clustering proc’cc(;zagj?egg%%r%%%% §£0Vé’%%%hgegtﬁvefgége gggragtegis&ic%aeulfgéigi congpjutation section 114

'a tnit fo i
and the comparison sec clustering process section a unit for computing a

difference between any two sharagteristic %@eu%%%qge&@éa@ga%@@e@fmsﬂ%igaﬂ@ég}y

computation section 114 as characteristic quantities each found for an image portion In thé entire input

image and for. griting dmage postionsseparatedfror each otharbyssmalk differencesdn gharacteristic
guantity in a similar-image group. This is because any two image portions separated from each other

by a small difference irrsbaracigristie quantiycare segarded asimegeportons haviag sipilar images.

The process of putting image portions separated from each other by small differences in characteristic

guantity in a siomlac-image graupfiSerence between any two characteristic
guantities generated by the characteristic-gquantity
computaticn section 114 as characteristic gquantities 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
portions 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 guantity in & similar-image group is
referred to as a clustering process. Thus, the clustering
process 1s a process to classify image portions into
similar-image groups.

The compariscen section 1504 compares the number of

image portiocns 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 of the comparison
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referred to as a clustering process. Thus, the clustering process is a process to classify image portions
into similar-image groups. The comparison section 1504 compares the number of image portions
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 of the
comparison 54 indicates that the individual similar-image group is not a part of a background, the
individual simjlar-image grourp IS dJ_eTtermin d ta %e a&groﬁ% ,e#istig in an unidentified object. In this
case, an alari S 0TI~ Fig- 158 183 bidR dgrantshawing tRE SntE R Ronffgdtation of the

clustering process s cti%n 1503 employed.in the image-pracessing_ apparatus 501 shown in Fig. 15A.
A difference-gor%&ft%atign-o%jg)c? %g%)ﬁ%}ﬁsnedc’tioﬁgl%mglg £‘Glm 8? dgtler}gr)"zﬁ%?r?g Which characteristic

?uantities 1539%5%%@\5@ f&gr@etpﬁigp@&aq«grigg-guaﬂigﬁgorgglﬂtbag% g':,eggo%gim are to be subjected
0oa
unidentified object. In this case, an zlarm is output.

Fig. 15B is a block diagram showing the internal
configuration of the clustering process sectiocn 1503
employed in the image-processing apparatus 501 shown in
Fig. 15h.

A difference-computaticn-object setting sectiocon
1513 is a unit for determining which characteristic
gquantities 1512 received from the characteristic-quantity
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
guantities selected and determined by the difference-
computation-object setting section 1513.

The comparison section 1516 is a unit for comparing
a difference computed by the difference computation
section 1514 with the threshcld wvalue 1515. The result of
the comparison indicates whether or not the two image
portions having the two characteristic guantities 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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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 differencecomputation-object setting section
1513. The comparison section 1516 is a unit for comparing a difference computed by the
difference computation section 1514 with the threshold value 1515. The result of the comparison
indicates whether or not the two image portions having the two characteristic quantities are to be
joined to eacH dterid adimilalifisgd §|%Efpc.’ﬁ’ﬁetg‘?o§ﬁﬁ8 procest sektiBn 1577 14 section for
joining two image portions to each ather in aalqnén.l%r-lma%agérou 8£Leiavmsg the two |ma§e portions as

they are without jg%ir?d: them o each Gther ina similar-ima egroup on thé b%?is%}eflsfe 5%parison

reswtpm@ucﬁggyggg99&%&§§8n5ﬁ§HPQé5égth other in a similar-image
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 intc 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—portionwcount threshold value stored in advance in
the ROM 150Z. The result of the comparison indicates
whether or not the individual similar-image group is a
part ¢f a background.

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

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

The clustering process section 1503 compares
characteristic guantities S{1} toc S(25) output by the
characteristic-quantity computation section 114 as
characteristic quantities of all image portions with each
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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 value stored in advance in the ROM 1502. The result of
the comparison indicates whether or not the individual similar-image group is a part of a background.

Figs. 16A, 16B, 160 and 16D are diagréxcms roughly showing an in uﬁt_ image obtained as a result of
operations cahiad out By & fiadeéprt %%?fn% apparattd a¢to to°the thitd 8mbodiment. There is

an image 1601, including a sea and a ship_serving.-as an unidentified object. The clustering
r—nga \flogf

process section 1503 compgr%s%ﬁg}zfc?eﬁssﬂc quan?i“gs' 3(1) to 3(25) output by the
characteristic-quantityﬁcpmtg%orége%c,tiogh]elddg% E@r@g@gisg% gtetét'tq’soglf aslleig}?grportions with

each 56 other in order to classity the image portions into similar-image groups as follows.
1514 computes a difference between the characteristic

quantity S(1) 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
gquantities with the difference threshold value stored in
advance in the difference threshcld-valus holding section
1515 in order teo produce a result of determination as to
whether or not twe image portions having the two
characteristic guantities are similar to each other. In
the case of the image 1601 shown in Fig. 16A, the two
image portions having the characteristic quantities S(1)
and 3(Z2) are both a portion of the sea. Thus, the two
image portions having the characteristic guantities S(1)
and S(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 guantities S{1l} and $(2) are considered to
have the same pattern sc¢ that they can be Jjoined to each
other in a similar-image group. To put it concretely, the
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First of all, the difference computation section 1514 computes a difference between the characteristic
qguantity 3(1) of the left top image portion on the image 1601 shown in Fig. 16A and the characteristic

guantity 3(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 threshold value stored in advance in the

difference threshold-value holding section 1515 in order to produce a result of determination as to

whether or ndt'tfo iHage FEionSRsviRG e five-BfaracRAd it §hdrtiics &8 &hhitdrit®ach other. In

the case of the image 1601 shown in Fig, 16A, the two.image portions having the characteristic
guantities S(hg(ail}d §I&C)1 aré%bthag%oﬁ%cn of thé s%é‘.“i'%sg‘iﬁ??\% irﬁﬁﬁ@%oﬁﬁ?\‘grﬁaﬂng the

characteristic guanities S(1).and, ${p) are simar.tg each offier so that the diffpience between the two
characteristic quantities is s all. erefore, the two 1 age portions havimng thé characteristic quantities

3(1) and 3(2) are congidered {o-haye the same, pafternsp thal they,cag be ioined to.each other in a

similar-image group. Toput it concretely, the two image portions having the characteristic quantities

8(1) and 8(2)ra4e Puk in-a similarimage aroup shewn.at the; left tap cornerof animage shown in Fig.
168. That is to say, the process to put the two image portions having the characteristic quantities 8(1)
and 8(2) in a similardmageareup ishasedsomaconcept te eligtinatgthe boundary-hatween the two
image portions adjacent to each other. The process to compute the difference between the
characteristictquaritities of two Ireage partions adjaceittayeacioathes and 40 campare the computed
difference with the difference threshold value stored in the difference threshold-value holding section
1515 is contimgathfrorphthe state shown in Fig. 168. 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. 160.
> Finally, image portions'héviRg @Baaetdristic uantites-8@ 23 B3 and 8(14 tare faft a88hown in Fig.
160. This is because the characteristic quantities 8(12), 8(13) and S(14) each have big differences
from the charalRFREE Ghanfitcs Siitiicent Fhagé pblons™THE imagé perforahifmfg éharacteristic

guantities 5(123, 5(13%and 8(14) are recognized as image portions in which an unidentified object
exists. té each other and to CTompare thé computed difference with

the difference threshcold value stored in the difference
thresholid-value holding section 1515 is continued from
the state shown in Fig. 16B. That is to say, other
boundaries between image portions similar and adijacent to
each other are eliminated to yield an image like one
shown in Fig. 16C.

Finally, image portions having characteristic
guantities S(12), S5(13) and 8(14) are left as shown in
Fig. 16D. This is because the characteristic guantities
S5{12}, S5(13) and S{14) each have big differences from the
characteristic guantities of adjacent image portions. The
image portions having characteristic guantities ${12),
5{(13) and S5(14) are recognized as image portions in which
an unidentified object exists.
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Fig. 17 shows a flowchart representing operations carried out by the image-processing apparatus
1501 according to the third embodiment. As shown in the figure, the flowchart begins with a step
51701. Then, at the next step S1702, an input still image is stored in a RAM. Subsequently, at the
next step 51703, the chatacteristic-quantity computation section 114 computes a characteristic
guantity for each of image portions obtained as a result a process carried out by the image division
section 113 to divide the tput stilkimage.a £ 1dhem=atihe spxesiep 51404 -2 slusteringsprocess is
carried out on the basis of the characteristic quantities of all the image portions. As a result of the
clustering process,iipragerportigns having sgwaidiffereneds:in chasactetistic quaritity are put in a
similar-image group. Then, at the next step 51705, for each similar-image group, the number of
image portiorsdncindéddn the sihilat-image grovupds menipared withharvimage-poriontgumtahreshold
value held in the ROM 1502 in order to produce a result of determination as to whether the
similar-imagetgrdu eXistd i thelisekgFountitat in tifs areaSaf dntunidehtified abjeehdf thexdomparison
result indicates that the number of image portions included in each similar-image group is at least
equal to the iMaG8- Pofticn-cdiintthrsshoftFvalde HERAR the ROMN“SD21 thedeidrd input still image is

determined to be a background.
Sé%sequently, at the next step 351703, the

characteristic-gquantity 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 step 31704, a clustering process
is carried out on the basis of the characteristic
quantities of all the image portions. As & result of the
clustering process, image portions having small
differences in characteristic guantity are put in a
similar-image group.

Then, aﬁ the next step 51705, for each similar-
image group, the number of image portions included in the
similar-image group is compared with an image-porticn-
count threshold value held in the ROM 1502 in order to
produce a result of determination zs to whether the
similar-image group exists in the background or in the
area of an unidentified object. If the comparison result
indicates that the number cof image portions included in
each similar-image group 1s at least equal to the image-
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If the comparison result indicates that the number 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 object existing in the input still image, an alarm is output at a step 51706. Finally, at the
last step 51760, rexecution ofithe-bperationsirepréesented by this flomehas ehded. the The
description given above is summarized as follows. The core component of the image-processing
apparatus 1562 acterding t- thetemBodireptisis migtbcompates operating by kredwtion.ofisoftware.
When an input still image is supplied to the image-processing apparatus 1501, the image is stored in
the image holding sectién 219, WRBRIS defRally #Ffe RAM D05 CEieimadedivision seetonr113 divides
the input still image into image portions having the same size and the same shape. The
characteristicequaritiy BoRfplitdtiiicsetion 199 ot t8Y a Bhafdctéfstit ‘duahtity foF888h of the

image portions in the entire inﬂjéi?mg e. Thehclusteri%% process section 1503 computes a difference

e S : TR harabierRiE OuHtiE, G5mButation section

between any%S%aracterlﬁic quanti ias gengra]tg‘t?

114 as chara%gg{ti)gteic lggﬁ%t_ittil%s %%%h _flg&qd]fgroan ing%gecplortiggﬁgg @}Jﬁt;1 g‘na%% gortions s_ep_arated
from each other by small differences in characteristic quan%ty Ina’similar-imhage group. This is

because image, portions separated from each pther by small difigrences.in characterisfic quantity are

regarded as image portions having similar images. The process of putting image portions separated
from each othg hyrsmall differencesdn chaactersticquantty:ip a similag-image group is referred to as

-4 clustering process. Thus, the clustering process is a process to classify image portions into
~ similar-image: grogps.

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 S1706.
Finally, at the last step $1707, executicon of the
operations represented by this flowchart i1s ended.

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

When an input still image 1s supplied to the image-
processing apparatus 1501, the image is stored in the
image holding section 112, which is actuzlly 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-guantity computation

section 114 computes a characteristic quantity for each
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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-portioncount 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 of the comparison indicates that
the number of image portions included in the individual similar-image group is at least equal to the

image-portior-eounithresheld yalve helkinithe RAMLS02 -the: individuah sigailar-image group is
determined to be a group existing in a background. In this case, flags each provided for an image
portion includetinthe individual stniarsiaage-group @ke setuput e Fhus diyfcargng eut the
processing described above, it is possible to produce a result of determination as to whether an image
portion is an imedgesportianiof the batkgreund of an image: portivhicrargenidentifiet] ohject. As is
obvious from the above description, the processing described above includes a process to compute
the characteristie (elantify/Tot aett bf theaidgeporfens o as & ¥ésultofldididing the input still
image and comparison processes. 5: Fourth Embodiment Figs. 18A, 18B and 180 are image
diagrams anFaR overdtieck Giadrsh “whichSoB§MY shew sh hplit Alage 6B as 8 fesult of
operations carried out by the image- ro.cessinl%eaé)[%?éatus according 1811 to the fourth embodiment of

the present ifd&NtiBH BRd HE a8 proclssi 5ftld 18197 2P0 BEHbreSpecific, Fig. 18A
shows an inpuf, mage, 1801 including a,seg, 1802, e 91803 and & ship 1804 serving as an
unidentified O%JeCT Ioatllng on the S8a
similar-image group. This is because image portions
separated from each other by small differences 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 guantity in a similar-image group is
referred to as a clustering process. Thus, the clustering
process 1is 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 cbject. If the result
of the comparison indicates that the number of image

portions included in the individual similar-image group
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1802. The sea 1802 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 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 pbtained as a.result of the photographing operation is not a uniform pattern.

If the entire ir?p%t ?r%ag?eefgﬁ ?sqt%%n%% écn;]gbjé&a(%ee—\%ﬁﬁ igﬁ, it GAIrBs dﬁﬁ&ﬁt#bo ain an

claborate resyl, ol orler o splvedijs propiem. ihe inpuimage 1801 is divided.ipto g plurality of
horizontal image portions each oriented in the direction parallel to the seahorizon. T0 pat it concretely,

the input ima%%,glggé issdiggg@gI}H\Wingtq;émgg%pggpr_@}g@@i&90%118&07, 1808, 1809 and 1810

as shown in Then, for each of the horizontal image portions, the characteristic-quantity
computation prosess-aid the comparisen pracessswhich haverbesnexplained beforg, are carried out.

Fig. 180 is a block diagram showing the image-
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 1s obvious from the above
description, the processing described above incliudes a
process teoc compute the characteristic guantity for each
of the image pcrtions obtained as a result of dividing
the input still image and comparison processes.

5: Fourth Embodiment

Figs. 18A, 188 and 18BC are image diagrams and an
overall block diagram, which roughly show an input image
obtained as a result of operations carried out by the
image-processing apparatus according 1811 to the.fourth
embodiment of the present inventicn 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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63 processing apparatus 1811 for implementing the technological concept described above. The
image-processing apparatus 1811 is all but identical with the image-processing apparatus 101 shown
in Fig. 1B. However, the image-processing apparatus 1811 shown in Fig. 180 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 smafl jmage=divisionsaetion 84 3bc = e Maingiacessing, ekthefoyrth @mbadiment is
implemented by carrying out the processing of the first, second or third embodiment on the horizontal
image portions=:805; 4866, 1803, 1808; 4809 sintrkBlpe ra di istode-nated thatthewwidth of a
horizontal image portion to be produced by the horizontal image division section 1813a is determined
at a design timemor zetiche gior to the Aokiak operation of theimageprocessinglapparates 1811 by
considering a tradeoff between the state of the input image 1801 to be processed and the amount of
computation e carfiedhsut irthel frodessiigihne Tiis bossiblecto providesa configuration in which

the fourth embodiment is tried if the result of processing carried out in accordance with the first,
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
cf the sea 1802 at a location close to the sea horizon is
seen as a small splash. Thet is to say, the sea 1802 in
the input image 1801 obtained as & result of the
photographing coperation is not a uniform pattern.

If the entire input image 1801 is taken as an
object of evaluation, 1t will be difficult to cobtain an
elaborate result.

In order to sclve 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 it concretely, the input image 1801
is divided into horizontal image portions 1805, 1806,
1807, 1808, 180% and 1810 as shown in Fig. 18B.

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

Fig. 18C is a block diagram showing the image-
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second and third embodiments is not good. The description given above is summarized as
follows. 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.

processing apparatus 1811 for implementing the
technological concept described above. The image-
processing apparatus 1811 is all but identical with the
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 divisiocon section 1813 is
divided into a horizontal image division section 1813a
and a small image division secticon 1813b.

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, 180% and 1810.

It is to be noted that the width of a horizontal
image portion to be produced by the horizontal image
division section 181l3a 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 1s tried 1f the result of

processing carried out in accordance with the first,
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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 also 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-quantity

computation sections1 14, garigs out the characteristic-guaniity computation processing whereas the

difference computation section 116 carries out the characteristic-quantity difference computation
processing.  Thenrgachindividyal:one gfithehogizantal inputpastions isexarmined to produce a
result of determination as to whether or not any specific one of small image portions included in the
individual horizontalwaput portion as an object of evaluation is an image portion of the background. If
the result of the determination indicates that the specific small image portion included in the individual
horizontal input portiorTas ancobjectafyakiation s ahimage perionwidbe bagkground, a flag
provided for the specific small image portion is reset to 0. By carrying out the processing
described abep@atispossibie {o distingyishantarea of thenbackgreurtd arsd an area of an unidentified
object other than the area of the background from each other. As is obvious from the description given
above, the proéEsSiigHithices #Pricessne coinpeteachartarfstie giiangteof every image portion

and a process to compute a difference between any 2 characteristic quantities.
When an input still image 1s 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
input still image into a plurality of horizontal mage
portions oriented in the direction parallel to the sea
horizon, the small image division section 1813k also
employed in the image division section 1813 divides each
cf 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 secticn 114
carries out the characteristic-guantity computation
processing whereas the difference computation section 116
carries out the characteristic-gquantity difference
computation processing.

Then, each individual one of the horizontal input
portions is examined to produce a result of determination
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6: 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 section 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 determination
processing section 1902 has the same function as the first, second, third or fourth embodiment.

As an output0f the imageperion-defermination peacessingsestion 1902, 1thedifference computation
section 116 generates a set of flags each provided for each individual one of image portions, which are
generated by thetinage divisionigettion 1dB8«asia teisultnf dividing andnpatimageaas a flag indicating
existence/non-existence of an unidentified object in the individual image portion.
portion as an okject of evaluation is an image portion of
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 te distinguish an area of the background and
an area of an unidentified object other than the area of
the background from each other. As i1s obvious from the
description given above, the processing includes a
process to compute a characteristic gquantity of every
image portion and a process to compute a difference
between any 2 characteristic guantities.
©: Fifth Embodiment
Fig. 1% is a block diagram showing an image-
processing apparatus 1201 according to the fift
embodiment ©f the present invention.
An image-porticon determination processing section
1902 employed in the image-processing apparatus 1201 is
identical with the image-processing apparatus 101 shown

in Fig. 1B. That is to say, the image-portion
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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 processing 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 1902. An unidentified-object movement
distance/direction computation section 1905 is a unit for comparing the flag sets stored in the

image-portion dag heidiag sestign-19@4 with €ach ©thesrin veder taproduce & Lasult of determination
as to whether or not an area thought to be an unidentified object is moving and, if such an area is
moving, the direction @f thesmoveméntistdetectedadd ahkalar isroufputrth ekigsd 20Arand 20B are
each an image diagram referred to in description of a rough operation carried out by the
image-processing apparatas 1901aceording foetherfiftheenbodiasent IB¢ bemoretspetific, Figs. 20A
and 203 each show the image of an entire flag set. As described above, as an output of the
image-portiok Hefetmriatbrofieeessing 28etior- IS0 Z R aiffrerccedimplitation Section 116
generates a set of flags each provided for each individual one of image portions, which are generated
by the imagetfiiSibRsetfifn AABHSA Fesuft of Hividihg BhaRputiftaye? a8 Biikifindftating
existence/non-exijstenc ,%féﬁli%gidentified object in the indjvidual image portion. A value of O setin a

flag of the flag$et inBig- icBiES that thedhEgR PoricH Sesabiatsd withhe flag is not an image

portion determined a &P%tio@ﬁf an unidentifie%ggjggt. Tha%is to ﬁe avalue of O lerittin a flag of the

flag setin Figg.’ J0A indicates that the image Solrﬁon assodiated with 3fIa‘E‘E;Sisaan}'ﬁiemsage portion

determined aga 89%"9838{& Q%Ckz%%lﬂlg'image, as a flag indicating
. exlstence/non-existence of an unidentified object in the
individual image portion.

A timer 1903 is & unit for generating triggers at
time intervals determined in advance as triggers each
used for putting the image-portion determination
processing secticon 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-pertion determination processing section 19302.

An unidentified-obiject movement distance/direction
computation section 1905 is a unit for comparing the flag
sets stored in the image-portion flag holding section
1904 with each other in order to produce a 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 output.
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In general, 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 by the image-portion determination
processing section 1902 at the intervals are compared with each other in order to produce a result of
determination as to whether or not an area thought to be an unidentified object is moving. As is
obvious from Fig. 20, an area Mgg}lg %ﬁn unidentified object is mo&i:pg with the lapse of time.

That is to say, insteadbojf%sofnparlng a specific Faw sﬁﬁi%lagaenwftﬁ%ﬂ%ther SHIF Faw still image

separated away Lo e spefo sy sl mags D 2 e Jugval i accardance wilh an exising

technology, flag sets are compared with €ach other as set set or reset on the basis of

technologies previded by dhe fmhadirpentss < i nBY% REACHSING.- resplt of determination as to whether

or not an image portion on the basis of technologies provided by the embodiments described earlier is
a portion of acbackgiaud, -5 pessible-to aveiddrcanreet regagnition-caused by @ movingbackground.

Thus, a movement of an unidentified object can be
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 existence/non-existence of an
unidentified obiject 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 general, 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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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. As shown in the figure, the flowchart begins with a step 52101.
Then, at the next step 52102, an input still image is stored in a RAM. Subsequently, the flow goes on
to a step 52103 to produce a result of determination as to whether each image portion is a portion of a

background as:a perdon:nd ge-unidentifiedabjectin te-same wayassthefissts seeand, 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 80inage potions.cEhery the gharacterstic«tiantityrcompiitation section 114 computes
2 order to procduce a result of determination as to whether

or not an area theought to be an unidentified object is

moving. As 1s obvious from Fig. 20, an area thought to be

an unidentified ckject isg 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 each set or
reset on the basis of technelogies provided by the
embodiments.

By producing a result of determination as to
whether or not an image porticn 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 object 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 1201
according to the fifth embodiment.

As shown in the figure, the flowchart begins with a
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characteristic quantity for each of the image portions. Subsequently, the difference computation
section 116 computes a 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 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 OQ'&%. TEhemy at th%kqgét, step 3&;@41,1@_}5_& gftfé%g%%rep%ﬁié_r}éﬁggh%%oﬁt of the

determination for'an image portion is stored in the image-portion flag ho ction 1904, which is

the RAM 105&&?@(1@@%«:%@%}% stepS218a-datasiored in the RAM L0515 exapyined in order

to produce a result of determination as to whether or not an immediately preceding set of flags has

been stored iadheimageporiondftag-holdingsection 1804 lf the deteaminationsesutingicates that no
immediately preceding set of flags has been stored in the image-portion flag holding section 1904, the

result of the determinatierr issiatetprated;aspedetemnination: resultindicatig that that the processes
carried out at the steps 52102, 52103, 52104 and 52105 described so far is processes of the first
iteration loopof tharprocessing repesentertbythis:flowchattin tHis edseraftertthe tapse<of a time
interval determined by a trigger signal generated by the timer 1903, the processes carried out at the
steps 52102, 5F163W5Y1GFand 52105 afe réieztadifrorthestem 82£02 atWhich another input still
image is acquired from the image taking camera 102. = If the deterrgina_j[ign result indicates that an
immediately fracedingset 8f flags nastheth stbredSh dhe imdge-pbriioh fagiholding sEBBEER 1904, on
the other hand, the flow of the processing re_E\)rr,esented by this flowq_hq,ajrt?gqes on to a step 52106 at
which the flag'sét'storéd NAE TMAge-porfion & RoRThg <&ction 1904-in Hi& BfockdS Raftied out at
(the step 52104 is compared with the Immediately precgding set ol flags Inorder i -

guantity computation section 114 computes a

characteristic quantity for each of the image portions.

Subsequently, the difference computation section 116

computes a 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 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 S2104, a 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 52105, data stored
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find the difference between the flag set stored in the image-portion flag holding section 1904 in the
process carried out at the step 52104 and the immediately preceding set of flags. Then, the flow of the
processing represented by this flowchart goes on to a step 52107 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 52106 is at least equal to a value determined in advance. If the

determination xesyltproguced in the Rrogess,earried aut atthestep 52407 indicates that an

unidentified object exists, the flow of the processing represented by this flowchart goes on to a step

52108 at whigh an-alarmis.outosh as Thegdaserptiongiven abaye issupmarized as follows. The
core component of the image-processing apparatus 1901 according to the embodiment is a

microcomputer epetsting Byeexechition of software> d¥ith a timiag determired by adrigger signal
generated by the timer 1903, the image-portion determination processing section 1902 stores an input
still image supptied to tHe. ivades processing @pparatls 1901 id the: meagk=heldmgnsection 112, which is
actually the RAM 105. Then, after the image division section 1813 divides the input still image into a
plurality of infRfepértibRe hashgthe same sizE@mthetsame shape tieehamctariStic-quantity
computation section 114 computes the characteristic quantity of each of the horizontal image portions.
Subsequently A thedifférenee Ednptdifsh SEctibiel 18RXMTpRES e differeticel 5etwead each of the
characteristic quantities with a predetermined value stored in the predetermined-value holding section
115. Finally, 85 titferendd complitedor ah ifthgé Porfbntis Tomifared With% threshold value
determined ir;l ad\e/anc?::%.jl'eodpgtsit con é%tee% J;_’;maigma e prortiorlteav.ingta characteristic-quantity
difference smé?lFer%ﬁan the threshold Valtie' is determined to be-a Jp% i]o%agflaﬂga@%%und. In this case,

(" aflag provid@_(%gocr sé{ggb%%%%rtigg' tes t.Qut g\tsq_l_r%sf%tc%r resgtzfi%gzs ea %r?vided for an

. . . g . , X
image portion as descri is stored in the image-portion flag ﬁoldlng section 19024 ‘every time a

trigger pulse signal is.generatedssequentially by the tmer 1903, atinfervals defermiped in advance.

Then, the unidentified-object movement distance/direction computation section 1905 compares flag
sets stored at the intgrvals:ip 1he, imaggsportion-flag-helding segtion 1904 with-each.gther in order to

produce a result of determination as to whether or not a moving unidentified object exists on the input
stillimage. 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 352102,

§2103, 82104 and 82105 are repeated from the step $S2102

at which another input still image is acquired 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 52106 at which the flag set
stored in the image-portion flag holding section 1904 in
the process carried out at the step 52104 is compared

with the immediately preceding set of flags in order to
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By carrying out the processing described above, it is possible to distinguish an area of a background of
the input still image and an area of an unidentified object 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 quantity of every image portion and comparison processes.
Typical implementatinas desdinesrhelowcaneachtie-canceivesas a sybstitute-for gay of the
embodiments described above. (I) The microcomputer is replaced with a PLD (Programmable
Logic Device}mage—{2)1tn thefirst,zsecond dthird amelfolirth ehiodinentsh & igpossible to add an
exclusion process to exclude a background portion included in an image as a portion easy to
mistakenly récoghizzdasan unidentified bbject froftherptocessingnoscbimpetéicharacteristic
guantities. (3) The features provided by the first, second, third, fourth and fifth embodiments can
all be implentEiited i3 BAe Ffiagé-prdceasig apparatus-iethis edse Flaghalmssccsmpated in

accordance with the ‘
represented by this flowchart goes on to a step 52107 to

produce a result of determination as toc whether or not an
unideﬁtified 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 52107 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 compcnent of the image-processing
apparatus 1901 according to the embodiment is a

microcomputer operating by execution of softwarse. With

Q

timing determined by a trigger signal generated by the
timer 1903, the image-portion determination processing
section 1902 steores an input still image supplied to the
image-processing apparatus 1901 in the image holding
section 112, which is actually the RAM 105. Then, after
the image division secticn 1813 divides the input still
image into a plurality of image portions having the same
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features of the first to fourth 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. 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 1esultant value. samelnghemmbadimentsadesctibed above gt:isrpassible to distinguish
an unidentified object from the background of an input still image as an object different from the
background. ddwertechriigue ageptetkin thé processingegccording e thecembodinients is different from
a commonly known technique based on the existing technology as a technique for comparing the
present imag@agittt iHevintdg st e dititdly prévadirpiheapresamtdmage r Tharis to say, in the
processing according to the embodiments, only the present input still image is processed to produce a
result of detetiRRiBAES tbiwhéther Br AGEAITUIRRIe ARG EECEXIS8 H #Rinplfstill image. Thus,
the present invention is particularly suitable for the configuration of a monitoring system in which the
image taking CARREtRSS nidtintéd bh S SRGPGeartseSA R stite bR Gllowing the camera to be

rotated in thecﬂo%kv(v:i% apdtcognt%ré:lrgglf\évisesdigqe.cg ns over %horizontal plane In addition, in
the embodimenits déscribed above, in ordet 1 projduceaa ] %Fﬁgf%%ﬁ%%ti%ﬁja%eto whether or not

an unidentified ghigg! existe:n a0 0putalllimags. hedmane s divded inio e plurally of image

portions having a predetermined size and a predetermined shape, a characteristic quantity is

computed for-gach af the Image portions, Then adiffarence: petwgen gach.of Ihe chapacteristic

_qQuantities and a valué determined in advance is computed. Thus, even if a background such as a sea
{_and the sky changes inageardance withnatural phenemeradhe hackground having.a fixed

characteristic quantity can be recognized in advance, allowing an unidentified object having a

characteristigpguantity difterentdfearnn the fixed gharasteristie guantity-ig be detected.
characteristic—quantity difference smaller than the
threshold value is determined to be a portion of a
background. In this case, a flag provided for such an
image portion 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 holding section 1904 every time a trigger
pulse signal is generated seqguentially 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 to produce a result of
determinaticn as to whether or ncot a moving unidentified

object exists on the input still image.
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As a result, by combining an image-processing apparatus provided by the present invention with an
image taking camera, it 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 apparatus
based on the existing technology. 7: Concept Common to Other Embodiments Figs. 22A and 22B

are typical image diagkams: sefetred 4o i desctiption of ap sutlinesefoperationssgastied out by an
image-processing apparatus according to other embodiments to be described later. To be more
specific, Fig. 22 Arshowiscar input inage 5301 scluding aseadyl 02, the-skyr5103iand atship 5104
serving as an unidentified object floating on the sea 5102. The sea 5102 is a scenery, the picture of
which has beengakereinid photographing operationa xapfeckoutatiairematé lecation; Fhe actual
distance between the lower part of the sea 5102 and the vicinity of the sea horizon in the input image
5101 is long. Thusra Wesse splasieortheSuifdre sfatnéseaB1d2findront eftheovibwer igrséen as a big
splash while a wave splash on the surface of the sea 5102 at a location close to the sea horizon is
seen as a snfal&Prsh. ThatR o sayt eSS BigRihithe ifsut imaye $10% obi&ined s result of the
photographing operation is not a uniform pattern. If the entire input image 51%“ is taken as an

object of evafligtioR St WHGE Bifficutftd dhtdifian &b6rafe AsulRe ~rPut sto

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

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

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

(Z) In the first, second, third and fourth
embodiments, 1t 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 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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In order to solve this problem, the input image 5101 is divided into a plurality of horizontal image
portions each oriented in a direction parallel to the sea horizon. To put it concretely, the input image
5101 is divided into horizontal image portions 5105, 5106, 5107, 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 cagied quts ¢ Rigs 23A-and 23B:arg £ach ablack diagram showing aa 1 ye s

image-processing apparatus 5201 for implementing the technological concept described above. That
is to say, Figo23 isjhlgek diagrams eachshowing the entise sopfiguration gkthedmagedgrocessing

apparatus 5201 as configurations based on the technological concept common to the embodiments.
To be more speeifis, Eige 23Als atileekidingtdan showing,cere componentsef kardwarae employed in
image-processing apparatus 5201 whereas Fig. 23B is a block diagram focused on functions of the
image-processingapparatus 520broce s showniialkig 2234, the imageyprdcessing apparatus 5201
is an apparatus for producing a result of determination as to whether or not an unidentified object
exists in an image recaived romeart imagd: talkihgrédrmeral 3202 dsd foroup@ttdig a Binary signal
indicating whether or not an unidentified object exists in an image received from the image taking
camera 52028 TRELS t6 SayetheBinad siGhal 3ened 48° & ARFMCUtPGEWREN the signal indicates that
an unidentified gbject exists in an image received from.the image taking camera 5202. The image
taking camerd52824E 4 corimBRR AnowT cathéralfor bifpultiigdn fagesigiald The infdbR taking
camera 5202 is typically a camera employing a CCD image-taking deyice. The image taking camera
5202 OUtpUtSTES maa Sélgﬁ%T?oe corgpayre Wl % eagg otggr in aycorrga ce

with the feature of the fifth smbodiment are each a set

of flags each having such a resultant value.

In the embodiments described above, 1t is possible

to distinguish an unidentified object from the background

of an input still image as an object different from the

background. The technique adopted in the processing

according to the embodiments is different from a commenly

known technique based on the existing technology as a

technique for comparing the present image with the image

immediately preceding the present image. That 1s to say,

in the processing according te the embodiments, only the

present input still image is processed to produce a

result of determination as to whether or not an

unidentified obiject exists in the input still image. Thus,

the present invention is particularly suitable for the

configuration of a monitcring system in which the image

taking camera is mounted on a slewing gear base in a
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a large-capacity storage apparatus such as an HDD or a host 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 resylt oftheprocsss Lo thelargescapacity siorage appatatus such as an HDD or
the host apparatus through an output I/F 5207. It is to be noted that the configuration shown in

Fig. 23A is acopfiguradien somnaenic ak embogimentsda be deserkediater ig detail. All the
functional sections shown in Fig. 23B except an image holding section 5212 implemented as the RAM

5205 are software pragramsestered. in the ROM 5204 to be executed by the microcomputer described
above. An image received from the image taking camera 5202 is stored in the image holding
section 5212 as a stillimagddition, in the embodiments described above, in
order to produce a result of determination as to whether
or not an unidentified cbject 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 1s computed for sach
of the image porticns. Then, a difference between each of
the characteristic guantities and a value determined in
advance is computed. Thus, even if a background such as a
seg and the sky changes in accordance with natural
phenomena, the background having a fixed characteristic
guantity can be recognized in advance, allowing an
unidentified object having a characteristic quantity
different from the fixed characteristic guantity to bs
detected.

As a result, by combining an image-processing
apparatus provided by the present invention with an image
taking camera, 1t is possibkble to provide an excellent
image-processing apparatus capable of well recognizing a
sea and/or the sky as a background even 1f 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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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 horizontal image division
section 5213 to divide the image stored in the image holding section 5212. To be more specific, the

image-portion, defermination pracessing section 5214 produces a yesult of determination as to whether

or not an unidentified object exists in each of the horlzontal image portions 5502. If the result of the

determination indicates that an-unidentiiedpbject exists ih ahgrizontalimage portion 5502, the
image-portion determination processing section 5214 recognizes attributes of the unidentified object.

The attributes of an unidendified Dhjectinclude thedoeation-efthe pbjpct.dhe ghape of the object and
the area of the object. The result of the processing 80 carried out by the image-portion determination
processing secitbar524d is @ binaneaam signah obdn image: oltput te thessterage; apparatus cited
above or the aforementioned host apparatus through a network.

carried out by an image-processing apparatus according to

other embodiments to be described later. To be more

specific, Fig. Z2A 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 & 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 long. Thus, a wave splash on the

surface ¢f the sea 5102 in front of the viewer is seen as

a big splash while a wave splash on the surface of the

sea 5102 at a location close to the sea horizon is seen

as & small splash. That is to say, the seaz 5102 in the

input image 5101 obtained as a result of the

photographing cperation is not a uniform pattern.

If the entire input image 5101 is taken as an
object of ewvaluation, it will be difficult to obtain an
elaborate result.
In order to sclve this problem, the input image
5101 is divided into a plurality of horizontal image
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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
S5221. Then, at the next step S5222, 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 te divide,an daputdmage 51981 jato1x herizontal image ortions 5302, a
program implementing the horizontal image division section 5213 merely specifies relative address
ranges in therRAN-%205 used farcstorng thesinpukimage-5t0L nput Theagat the mext step S5223, a
counter variable i used for controlling loop processing is initialized to 1. Subsequently, at the next step
S5224, the image-pedioirdetetmination pedcessmgesection 5214 psacesses 110& jth hotizontal image
portion 5502 of the input image 5101. As described earlier, the processing carried out by the
image-portio® defermiddtbrasrdcédsifg sectidrrs21 4 incliides alprdcestheprodire & eagult of

determination as to whether or not an unidentified object exists in each of the ith horizontal image
poMonSSOpr the horizontal image portions 5105, 5106, 5107, 5108,

5109 and 5110, the characteristic-guantity computation
process and the comparison process, which have been
explained before, are carried out.

Figs. 232 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 1is block diagrams each showing the entire
configuration of the image-processing apparatus 5201 as
configurations based on the technologicai concept common
to the embodiments. To be mere specific, Fig. 232 is a
block diagram showing core components cof hardware
employed in image-processing apparatus 5201 whereas Fig.
23B is a block diagram focused on functions of the image-
processing apparatus 5zZ01.

As shown 1in Fig. Z23A, the image-processing
apparatus 5201 is an apparatus for producing a result of
determination as tc whether or not an unidentified object
exlsts in an image received from an image taking camera
5202 and for outputting a binary signal indicating
whether or net an unidentified object exists in an image
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After the processing is completed, at the next step 35225, the counter variable i is incremented by 1.
Then, at the next step 35226, 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 the integer n. If the
determination result indicates that the counter variable i is not greater than the integer n, the flow goes

back to the step-3h2zditorepeatihe pracesses:0f the; steps3522440 35226, As g matter of fact, the

processes of the steps 35224 to 35226 are carried out repeatedly till the determination result produced
in the process zarrietheutdtrthe steni §H226 indicates that the equnter vartahle i issgreaterdhan the
integer n. When all the n horizontal image portions 5502 composing the input image 5101 have
been processedytike flowdjosstarstonlsiép 85227 ad evhichtthedprobessing representéed byrthe
flowchart is ended. Fig. 24 is a diagram showing a screen appearing on a display section 5303.
The displayed & eenr&gsicity< shaws: hbkigoritakigfagesportions 8862 sitéd earlierTrean operation
carried out by an operator to specify a background area, the operator sets a background-area setting
range 5503 by iRy aivare of ﬂ?é“l%?‘?zo?ﬁé?%mé@e HORTBHEBHOL 0 gk desied hofigdntal image

portions 5502 are not excluded from the back%round-area,setting range 5503. 8: Sixth Embodiment
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 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 ocut a process determined in advance on an image
received from the image taking camera 5202 and outputs
the result of the process te the large-capacity storage
apparatus such as an HDD or the host apparatus through an
output I/F 5207.

It is to be noted that the configuration shown in
Fig. 23R is a configuration common t¢ 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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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. 255 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 is once stored in the image holding section 5212 as a still image. The

horizontal imagg,cisien sedliafa22.dividss dbe Ipaoe siored i thedmage diplding pegtion 5212 into

horizontal image portions each oriented in the horizontal direction aracteristic-quantity

computation sectionsb20134s g medulefor aequiring the-image storadiin the image holding section

5212 and the horizontal image portions
An image received from the image taking camera 5202

is stored in the image holding section 5212 as a still
image.

A horizontal image division section 5213 is a
module for dividing the 1lmage stored in the image holding
section 5212 into horizontal image portions 5502 each
oriented in the horizontal direction.

An image-portion determination processing secticn
5214 is a module for processing each of the horizontal
image portiocns 5502 obtained 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

s

object exists in each of the herizontal image portions
550Z2. 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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generated by the horizontal image division section 5213 and computing a characteristic quantity for
each of the horizontal image portions. Thus, the characteristic 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.hasis gf.an array created by the characteristigquantity computation, seetion, 52013.

A pixel-set determination section 52015 is @ module for computing the total area of an image part

determined ta-heanunidentfied objegt exising:ina-gfillimageand-fox computing the cogrdinates of
the center of the image part on the basis of the bitmap created by the pixel determination section
52014. it ds tonle poted:ihat thedmage-proeessiny apparatus-520(:1 according to this embodiment

is intended to serve as an apparatus installed at a shore in conjunction with the image taking camera
5202. A driviag mrechanisiwsach as stmetar drive s thesimagestakingreameraia202 into reciprocating
movements in order to look over a wide area in a sea close to the shore. The driving

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 $5221. Then, at
the next step 85222, the horizontal image division
section 5213 divides an input image 5101 into n
horizontal image portions 5502, where n 1s an integer at
least equal to 2. In actuality, in the process to divide
an input image 5101 inte n horizontal image portions 5502,
a program implementing the horizontal image division
section 5213 merely specifies relative address ranges in
the RAM 5205 used for storing the input iﬁage 5101.

Then, at the next step $5223, a counter wvariable i
used for controlling loop processing is initialized to 1.
Subsequently, at the next step 55224, the image-~portion
determination processing section 5214 processes the ith
horizontal image pertion 5502 of the input image 5101. As

described earlier, the processing carried out by the
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mechanism itself is not shown in Fig. 25 though. In order to detect an unidentified object remote
from the beach, the image taking camera 5202 should have 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 taamra>202into reeipsacatingmeovenents entdilsa teebnipe te zompare the present
still image with an image immediately preceding the present still image and detect an unidentified
object from aldifférefies betwearrthespreseptrstifiimage andtheé immediatelymreceding:still image, and
such a technique is difficult to implement. Inventions according to the embodiments to be described
below were ifrfovated 256164 this preblem unipgreg kigdisgramshowing amaddel 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 5iffap Bata aealss1020 Whidtrdantald8' BesarPio i@ an ihage holding section 5212, a

simultaneous occurre(;;\c tprobagility matrix array data area 52103 for storing_larrays of a simultaneous
occurrence matrix an ﬁﬁa&-ﬁ processing 18 completed, at the next step

55225, the counter variable i is incremented by 1. Then,
at the next step 55226, the counter variable i is
compared with an integer n representing the number of
horizontal image portions 35502 compesing 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
counter.variable i is not greater than the integer n, the
flow goes back to the step S5224 to repeat the processes
of the steps 55224 to S$S5226. As a matter of fact, the
processes of the steps S5224 to 85226 are carried out
repeatedly till the determination result produced in the
process carried out at the step S522¢ indicates that the
counter variable 1 is greater than the integer n.

When all the n horizontal image portions 5502
composing the input image 5101 have been processed, the
filow goes on toag step S5Z27 at which the processing
represented by the flowchart is endsd.

Fig. 24 is & diagram showing a screen appearing on
a display section 5303. The displayed screen explicitly
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flag bitmap data area 52104. Fig. 27 is diagrams showing data internally stored in the RAM 5205.
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, thenskys52203 angh 8. shin R2e4 seving-as;an ypideatified; object on the sprfage of the sea
52202. Fig. 27B shows an image flag bitmap stored in the image-flag bitmap data area 52104 of

the RAM 5205p kra pracessde be«lessiibed atar, the area-ofan unidgatified 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 i Eiga230area,Figh27@shaws an enarged postionyefthadmagedlag bitmap. In the
bitmap shown in Fig. 272 as the enlarged portion of the image flag bitmap, a bit set at 1 corresponds
to a pixel looking likea pirelet abUhidéntified iobjectv@nehe Stherdhandra hitrresét tondcarresponds
to a pixel looking like a pixel of a
portions 5502 so that desired horizontal image portiocns
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 nolding 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 recelved from the image taking camera 5202
is 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
horizontal image portions each oriented in the horizontal
direction.
A characteristic—quantity computation section 52013
is a module for acguiring the image stored in the image

holding section 5212 and the horizontal image portions
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background. Figs. 28A and 28B are diagrams showing models of arrays stored in the
simultaneous occurrence probability 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 52201 wehiehiistay setfielth of apays hasahaga simultanesusseecurrgnce prgbability matrix
as arrays having a variable length. The simultaneous occurrence probability matrix is a square matrix
having 256 elemientsi(ky: ). INotatioreteatarit (k s1) idengptesna iiatrix elemsentrat dtfe iritersection of the
kth row and the Ith column in the simultaneous occurrence probability matrix. The column number k
and the row hamber 1 Hre ehioh m iRteyer Wi the raiiygesO to-2585 rpreseantingtlemimance levels. An
array at every element position is expressed by stacked cubes. The stacked cubes include the relative
address of afiffage pixe? at frFlocafort bftHerstad@ucubestage Net@isATR, HJ1EShown in Fig.
28A denotes the first array element of an array at a matrix element at the intersection of the kth row

and the Ith B inthe “Sinfltal oGS OtEdTETceProbabilit/Rdfix. 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 identifving an unidentified
object existing in a still image on the basis of an array
created by the characteristic-quantity computation
secticon 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 coordinates of the center of the
image part on the basis ¢f the bitmap created by the
pixel determination 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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By the same token, notation (k, 1) [2] denotes the second array element of an array at a matrix
element at 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 simultaresusrocerrenee probability mafkxwn ihikewise, notafiomna@c 1-5) [1] denotes the first
array element of an array at a matrix element at the intersection of the kth row and the (1-5)th column
in the simultaneous ocCourrenteprobabibtyematrixn  urn iSimilady, irketatidn 838, Hetpdenotes the first
array element of an array at a matrix element at the intersection of the (k-3)th row and the first column
in the simultdneoustdeeukreacd préiebilityastrik.a k inTheastackedclibésdhanlafrdyainelude the
relative address of an image pixel located at the position of the stacked cubes as a pixel of the image
stored in thednpiiffageasifidp-data aeas218? - DUt Page-spaceTmfttion, Fite 28A can show

few 88
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
crder to lock over a wide area.

Driving the image taking camera 5202 into
reciprocating movements entails a technique to compare
the present still image with an image immediately
preceding the present still image and detsct an
unidentified object from a difference between the present
still image and the immediately preceding still iImage,
and such a technique is difficult to implement.
Inventions according to the embodiments to be described
bpelow were innovated to solve this problem.

Fig. 2¢ 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, 1. e., an input-image bitmap
data area 52102, which can also be said to be an image
holding section 5212, a simultaneous occurrence
probeability matrix array data area 52103 for storing
arrays of a simultaneous occurrence matrix and an image-

85



arrays each consisting of a heap of stacked cubes. However, from the few arrays each consisting of a
heap of stacked cubes, it is possible to infer a shape close to the commonly known Gauss curved
surface like one shown in Fig. 288. 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 bagkground.stotediip the inputsmage 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 occurrence

probability matrix array data area; 52 L)G-cormpesing awsindltangousacedrgace propability matrix. The
relative addresses of image data stored as array elements of the concentrated part are some of the
relative addressesiof tiragntietBackground 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 conceftrated partarereset. £ ic, [IFthe.examplelshewnan Fg29; airerea enclosed

by a dashed line in the image stored in the input-image bitmap data area 52102 is a part of the sky,
that is a bitmap stored in the input-image bitmeap 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 camers 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 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 portion 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 other hand, a bit resset to 0
corresponds to a pixel looking like a pixel of a
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part of the image stored in the input-image bitmap data area 52102. This part of the sky corresponds
to arrays each consisting of stacked cubes in the simultaneous 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 O. Thezprecessiaxplained earlier by referring to Figs. 9 and 10 as a process of creating a
simultaneous occurrence probability matrix is a process to create arrays of the simultaneous
occurrence probabilityinatrix a6y dath arga 52493¢hownand-igr2Ofrom arifpltimage bitmap
stored in the simultaneous occurrence probability matrix array data area 52103 also shown in Fig. 29.
However, thié enabsdisiept eakesantappreashdifferamrons theslyarediing io relatedian bfa
simultaneous occurrence probability matrix. In accordance with the technology in related art, a
simultaneoud'dE&uiFeride probapllity makk is4std a3’ tethnidld f6-Edmpafifig good products and

rejected products wjth each other in a manufacturing process as  _
actuality, the arrays stored in the simultaneous

occurrence prokabllity 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 reguested 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
simultaneous occurrence probability matrix as arrays
having a variable length. The simultaneous occurrence
probabllity matrix 1s a square matrix having 256 elements
{k, 1}. Notation element {(k, 1} denotes & matrix element
at the intersection of the kth row and the lth column in
the simultanecus 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 denctes the
first array element of an array at a matrix element at
the intersection of the kth row and the lth column in the
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described in documents such as Japanese Patent Laid-open No. Hei 8-297020. The image of a good
product is taken in a photographing operation and a simultaneous occurrence 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 robabitityrmaatiix afthe goed progustiaad differgnees inisimultaneous occurrence
probability matrix between the products are used as a basis for producing a result of determination as
to whether an abnorniitycdiichsagian irijinsror axstadéxists G theinel? prodierct ta hisvay,
simultaneous occurrence probability matrixes in related art are used in a process of producing a result
of determinafi6fi @8%o WhethercdrF BERGrNTlit? BxidtIGYa producdhia t I L ¥n tHisBHbodihent, each
matrix element of a simultaneous occurrence probability matrix is compared with a threshold value

determined ihXtivaREs “SiffilitaRBoGS ob&Freétice FroBabiiy hafixdiémentsfreatet thaf the
threshold value are determined to be matrix elements corresponding to an image part having a large
area, that is, Tiatfix elements c%??e%ﬁ%ﬁafﬁ% t8the aoalc%%ﬁnraac}]f%é{ image. Then, the area occupied
bythebachyound0f£¥3@¥¥§§ség§hgggé up to five array elements. Thus,

the fifth array element is denoted by notation (k, 1) {bl.

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 probablility
matrix.

Likewise, notatiocon (k, 1-5) [1] denotes the first
array element of an array at a matrix element at the
intersection of the kth row and the (1-5ith column in the
simultaneous occurrence probability matrix.

Similarly, notation (k-3, 1) [1] denctes the first
array element of an array at a matrix element at the
intersection of the (k-3)th row and the first column in
the simultanecus occcurrence probablility matrix.

The stacked cubes in an array include the relative
address of an image plxel 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 limitaticn, Fig. 28A can show few
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Therefore, each matrix element is handled as an 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 image, it may be probably nice

to have the reader. think determination:byendsen cutting;of the Gayisg curvegd surface shown in Fig.

28B over a plane put in an orientation parallel to the xy plane as a plane representing the threshold

value. The plang.puitdn ansarigntatien paraliekiedhe xy plane-asa planewepresenting the threshold
value is referred to as a threshold plane. The relative address of image data corresponding to each
matrix elementresilting franethe cuiting obthesGauss ewved suface puertkedheeshold-plane (that is,
each matrix element in contact with the threshold plane) is the relative address of a location on the
background. the <Rigsc3Q and3iwshdieadflowcharsepreseritiag: theiflew ofipracessing parried out
by the image-processing apparatus 52001 according to the embodiment. As shown in Fig. 30, the
flowchart begiswitt?&Btep 552501. Then, at the next step S52502, 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 addre<s & ®f AR dbBeRieFshjééton &FMpitRhage brapTs setR ikt 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 sfep! the ffittd Vafife BRTHBTBIative addRds M thé provéssiigie86t.2  Then, the

flow of the proc.esgifg Je gelfsenéel:dce¥ yg% élgwc@a&t) g%ez ontoa %[gp S52504 to %oduce a result of
ists"at & focation séparated away froft the relative

determinationas 16 whé]t eror nota pl_xel exists a _ e i
e S, AR (o Totp S el inon SE0.0) g
input-image biMaPs 205 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
simultanecus occurrence probability matrix array data
area 52103 compesing 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 bitmep 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. 29, an area enclosed
by a dashed line in the image stored in the input-image

bitmap data area 52102 is a part of the sky, that is a
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If the determination result produced in the process carried out at the step 352504 indicates that the
relative address b = 5(a) exists, the flow of the processing represented by this flowchart goes on to a
step 552505 at which the luminance level at the relative address a is set as the row number k. Then,
the relative 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 n the gube, 1 (ol aejerdnal f e deteretion resul ggced i e pipegss carred ou

at the step 552504 indicates that the relative address b = 5(a) does not exist, on the other hand, the

flow of the precessirgp represemted:pythis: floyychartg n-directiy o-a step 552006, skipping the
process carried out at the step 552505. This is because the process to add a relative address to an

array at an magreneleaent of theysimtilteneeus aceurrence probakility imatrixanay pat be carried out.
At the step S52506, the relative address a is incremented by 1. Then, the flow of the processing
represented by-this ftewckarb gobslonlto aystep 5525073 ta-prodiise A resul of determinatien: as to
whether or not the relative address a exists. If the determination result produced in the process carried
out at the step55280Fdndicatesaharthe velatiok address veexsts i the flow aftheyprotessing
represented by this flowchart goes back to the step 552504 to repeat the processing starting with the
process of this'SteFaf tHe @&t rmnativAtesiihprobaéad inthegstdsesscarfied apt aethe step 552507
indicates that the relative address a does not exist, on the other hand, the result of the determination is
interpreted as &detéMiAdtGH réstitiRdicatiny Ak tHiF&Rd BPReIRBG-fiage Bitrids has been

reached. In t%is case, the flow of the processing represented by this flowchart goes on to the next
stage of proceséing st}éxrti%%a&ﬁitﬁﬁ%%g&%s% dfh &8 553868 2120 bitnap 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 1C as a process of creating a simultaneocus
occurrence probability matrix is a process to create
arrays of the simultaneous occurrence probability matrix
array data area 52103 shown in Fig. 28 from an input-
image bitmap stored in the simultaneous occurrence
probabliliity matrix array data area 52103 alsc 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 technology in related art, &
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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When the processing of the simultaneous occurrence probability matrix is completed for all the
input-image bitmap, at the step S52508, 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, initiglesadues-ef-n matoelementdocated inthearrrdala arga 54203 asa-malrix element to
be evaluated are set. That is to say, the row number k and the column number | are both set at 1.
Then, at the mext step 552620 the arrayrelementcouft at theddatsixelement &, t{igcampared with
the threshold value in order to produce a result of determination as to whether or not the
array-elemest gount atthermatrix element {orl) dsat leastieguiat tontheuthreshold-valuef the
determination result produced in the process carried out at the step S52610 indicates that the
array-eleme Rt at thevmagixralément I3 18t [ehststiial &the tHreshold valueneweflow of the
processing represented by this flowchart goes on to a step S52611 at which a flag included in the
image-flag bitfmap 8 Aréa 52E04 ¥s ARG E6Hréshonding t81Re Falative a8@rekssforéd in an array
element pertaining to an array at the matrix elementr%,ﬁlég is reset., That is to say, the matrix element
[

(k, 1) is detehAiHEd B85 & matfX eleMEit CorRSpondiAg 6 apoRRdnin the bigkdrotind Sf the

determination resuLIt rof]uced in the.process %r%ed out at JQe step S52610 ifdicates that the
cre

array-element Count at %O%aﬁ&eelémae%? (k, 18 Shaler thah’the threshoid \}:a?ﬁ}g,oo%sthe other hand,

the flow of the processing r ; fg.%%?)tgg ibyf%af{%gpaétfgoc?g?g&g&e tl%/atg a step S852612 by skipping

_the process of the step 352 at Is to say, the matrix e k, 1) 1s determined to be a matrix
(_ element corresponding, tQ,;a40sition in the Pagkroud o ccurrence probability

matrix of the good preoduct and differences in
simultaneocus 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,
simultanecus occurrence probabillity 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
simultaneous occurrence probability matrix is compared
with a threshold value determined in advance.
Simultaneous occurrence probability matrix elements
greater than the threshold value are determined to be
matrix elements corresponding to an image part having a
large area, that is, matrix elements corresponding to the
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At the step 352612, the row number k and the column number 1 are updated to get the next matrixt
element(k, 1). Then, the flow of the processing represented by this flowchart goes on to a step
S52613 to produce a result of determination as to whether or not the next matrix 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 S52640itg repeat the processas gt thisanarsubspauentsieps. M theLetgrmingtion result
produced in the process carried out at the step S52613 indicates that the next matrix element (k, 1)

does not existz ohdhe oiherdandnhtheifiow of the precessiag tepresented by this flowchart goes on to a
step S52614 because the processing described so far has been carried out on all matrix elements.

At the step S52614, théeoertinates ottlte centeriof anlarearleft irstheamagesflagsbitmap 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 withrget fagd is thelareast ansanidentified object thinalhye aa the tast Spe$52615, the
execution of the processing represented by this flowchart is ended. The processes carried out at
the steps S5250223525037 825204, 3525052382506 afd 325207 of #iesfidweHartstfown in Fig. 30 are
the processing carried out by the characteristic-quantity computation section 52013 employed in the
image-proce@%’r?@yapparatus 52001 shown in Fig. 25. That is to say, these processes are processing

0 flndasmultaneou%%%ceugreglff pggga%@gcrggg%bg is completed, a set-flag

part included in the flag datz as a narrow part showing
luminance levels different from those shown by the
background of the image 1s determined to be a part
showing an unidentified obiect.

With regard to the determination of an unidentified
object existing in an image, it may be probably nice to
nave the reader think determination by end-on cutting of
the Gauss curved surface shown in Fig. 28B over a plane
put in an orientation parallel to the xy plane as a plane
representing the threshold value. The plane put in an
orientation parallel to the xy plane as & 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 is, each matrix element in contact with the
threshold plane) is the relative address of a location on
the background.
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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, S52610, 552611, 552612 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, these processes are processing
to determine the address of an unidentified object. The process carried out at the step 552614 of

the flowchart shown insfzigs31 sotherprosessinpearsed oy by dhe pixelset-determipation section
52015 employed in the image-processing apparatus 52001 shown in Fig. 25. That is to say, these
processes aré precessSingrtocfingstheccoosdinates of the bentehef the:areapn whichsthequnidentified
object exists. 9: Seventh Embodiment Next, the seventh embodiment of the present invention is
explained. 2Py B2is abdid§ran: roughly sigowing rekatiesipositior:functions 5 used in an
image-processing
As shown in Fig. 30, the flowchart begins with a
step S52501. Then, at the next step 852502, a relative
positicen function & is set as a rule for creating a
simultaneous cccurrence probability matrix, firstly.
Subseguently, at the next step S$52503, 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
process carried out at this step, the initial value of
the relative address in the processing ié set.
Then, the flow of the processing represented by
this flowchart goes on tec a step S$52504 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 pesition function & = (1, 0°), for example, a
relative address b = &{a) does not exist if the relative
address a is an address at the right end of the input-
image bitmap.
If the determination result produced in the process
carried out at the step 8552504 indicates that the

relative address b = bi{a}) exists, the flow of the
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apparatus according to the seventh embodiment. The internal configuration of the
image-processing apparatus according to the seventh embodiment is not much different from the
internal configuration of the image-processing apparatus according to the sixth embodiment shown in
Fig. 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 6, a plurality of simultaneous occurrence

probability matrixes aa greated r e s e hedmagedHocessing,apparatusceording Lo the sixth
embodiment has been explained by taking the relative position function 5 = (1, 00) as an example. By

the way, alsodr @scamiahce with theiteehrolegy imretated art: a-plurality of isimulsangous<occurrence
probability matrixes are created on the basis of a plurality of relative position function 5. This technique
is merely a tezhnigeestoguantize chamcteristic guantitiés=af an image composed ©f atfixed pattern
with a high degree of accuracy. As is obvious from Fig. 32, there are eight pixels existing at
locations sur@UAdiRra eeftaingvikelcRelative pasition farctions Sifat thesesgizelstare described as

follows. A relative position function 51 is 61 = (1, 0)
in the array data area 51203. That is to say, one more

cube is stacked on an array shown in Fig. Z28A 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 S$52504 indicates that the
relative address b = &(a) does not exist, on the other
hand, the flow of the processing represented by this
flowchart goes on directly to a step 552506, skipping the
process carried out at the step 352505. This is because
the process te 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 3552506, the relative address a is
incremented by 1. Then, the flow of the processing
represented by this flowchart goes on to a step S32507 to
produce a result of determination as to whether or not
the relative address a exists. If the determination
result produced in the process carried out at the step
852507 indicates that the relative address a exists, the
flow of the processing represented by this flowchart goes
back to the step S52504 to repeat the processing starting
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having a distant of 1 and an angle of 00. A relative position function 52 of '\/2 and an angle of position
function 53 position function 54 position function 55 position function 56 position function 57 position
function 58 That is to say, eight relative position functions 51 to 58 can be created. By making
use of the eight relative position functions 61 to 68, eight simultaneous occurrence probability matrixes
can be created. Fig. 33 shows a flowchart representing processing carried out by the

image-procegsing apparajyis acearding tothis embodiment. Agshowndp the. figyre,, the flowchart
begins with a step S52801. Then, at the next step S52802, a counter variable i is initialized to O.

Subsequently<tseifiow. ebieqracessing eepseseited by this flowchart goes:an:to-a sfep S52803 to
produce a result of determination as to whether or not a relative position function 5(i) serving as a rule

for creating asinfultanentds oscursentes probabilinematrbvexistsd r e s 4f thedatermination result
produced in the process carried out at the step 552803 indicates that the

exigt, 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 $52508.

When the processing of the simultaneous occurrence
prebability matrix is completed for all the input-image
bitmap, at the step S52508, 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 egual to 1 is used as a
thresheld 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 i1s to say, the row number kX and the cclumn
number 1 are both set at 1.

Then, at the next step S52610, the array-element

count at the matrix element (k, 1) is compared with the
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relative position function 5(i) exists, the flow of the processing represented by this flowchart goes on to
a step 552804 at which the relative position function 5(i) is set. Then, at the next step S52805, 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 352806, a pixel determination
process is carried out by making use of the data obtained as the data of arrays in the simultaneous

occurrence prehability mateix. o i‘rrpeoqr@ggs%garzgiggcgy&gt the step 392805 is equivalent to the
processes carried out at the steps 352503, 352504, 552505, 352506 and 352507 of the flowchart

shown in Figg3Q.e rmi £t the-other handsHbepracess caried aut afthg step 332806 is equivalent to
the process carried out at the step 552508 as well as the processes carried out at the steps 352609,

- 352610, 35261L::35264 2rand 32613 oktheddlowchart showniip Hg 3kast Sybsequently, at the

{\

next step 352503, the address a of an observed object on an input-image bitmap is set to point to the
head of the inpi# image sThd dddeessa is a felative dddress im theiioput-kzage:bitmapanddin process
carried out at this step, the initial value of the relative address in the processing is set. That is to
say, the processésiearried ot at therstéps 352805 and 852806 are egaiValenttbiasubrmoutine R52522
enclosed in a single-dotted line in the flowchart shown in Fig. 30. In the processes carried out at the
steps 352805 &Ad 352806 10za 0F 4FETE on @ Sittultahe6HS ol Fdntesgrobability matriklis created
and, pixels of an unidentified object are identified on the basis of an image -flag bitmap data area
52104 made fontthe'GRatedFdidl t° When'the pritess c&ﬁ%éheouﬁgiefhé: stp 352806s

completed, the flow of the processin repgesente by this flowchart goes on to a step 352807 at which

the counter VAFighaS ¢ Her&fiBARE Y TTHen, the flow ot iTe BroceSS8iy réfresanted by this

P R
flowchart goes backstgg%g(%teaptB%%%Oc%toaprgggge a r{gﬁ%&g&dta}_tgrrgggtlg?ﬁ gg éc_) %%her or not a

) .St
relative pOSI'[I%ﬂ%ﬁﬂC'[IOﬂ exists. -

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
Lo say, tThe matrix element (k, 1} is determined to be a
matrix element corresponding to a position in the
background. TIf the determination result produced in the
process carried out at the step 552610 indicates that the
array-slement count at the matrix element (¥, 1) is
smaller than the threshold value, on the other hand, the
flow of the processing represented by this flowchart goes
on directly to a step 852612 by skipping the process of
the step 552611. That is fo say, the matrix element (k,
1) is determined to be a matrix element corresponding to
a position in the background.

At the step 552612, the row number k and the column
number 1 are updated to get the next matrix element (X,
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If the determination result produced in the process carried out at the step 352803 indicates that the
relative position function 5(i) exists, the flow of the processing represented by this flowchart goes on to
the step 552804 at which the relative position function 5(i) is set. Thereafter, the processes of the
steps 552805 to 352807 are carried out. If the determination result produced in the process carried out
at the step 552803 indicates that the relative position function 6(i)does not exist, on the other hand,

the result of the deterainationds mntecpretedasa geteraination resytingdicating tlafs}l the processing for
all the relative position functions 5(i) has been completed. In this case, the flow of the processing
represented by thisflawehadgoesonto a steps3b2808513 At the Strp-352808: all i image-flag
bitmaps obtained for the relative position functions 5(i)are integrated. The process of the step 352808
is carried outitypreathyi by taking adogicalvpradhetrof @venohit inall theximageetftag:bit maps or taking a
sum of every bit in all the image-flag bit maps and comparing each sum with a proper threshold value
in order to gi¢e erresdltart flag) By=asiying olifthisysrodessing:ithe ekistentesoflan unidentified object
can be determined with a high degree of precision. Then, at the next step 352809, the
coordinates 6fifAE teRfer ot thé &réx FRRiEh B GRiBEnGfitd ajeEtexistsHe E6rmbhted. Finally, at
the last step 352810, the execution of the processing represented by this flowchart is ended. The
description giveraiioveTs Siimarised 83 follBRET % SAREESHE ¢ %p&ﬁen?ﬁ?ﬁ%%ma@%@processing

appanﬂus5%98%@%&9“@%%t%yg%ggggﬁgn%géigsented by this flowchart goes

back to 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 $52613
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 $52614
because the processing described so far has been carried
cut on all matrix elements.
t the step 552614, the coordinates of the center

of an area left in the image-flag bitmap data area 52104
as an area with set flags are computed. The area left in
the image-Iflag bitmep data area 52104 as an area with set
fiags is the areaz of an unidentified object. Finally, at
the last step S52615, the execution of the processing
represented by this flowchart is ended.

The processes carried out at the steps 552502,
552503, 525204, 3552505, S52506 and 825207 of the
flowchart shown in Fig. 30 are the processing carried out
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microcomputer operating by execution of software. When an input still image is supplied to the
image-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 elemegy hayd an-Anay-elemant coyntsatiebing-eampuied tisholdvalug pdetermined

to be a pixel of the background of the input 5till imageé. Subsequently, the relative address of the image

pixel correspepgingje @ matrixrlementhaving soasrayclament gowat saishingthe computed
threshold value is read out from the array data for the matrix element, whereas the flag included in the

image-flag bitmap dat, area.52104 as & flagyat the «elatiye-addressds sete proBY anying out the
processing described above, on the basis of a simultaneous occurrence probability matrix generated
from an inputstillfimagez it $S possibledowistinguish the backgrobad of the/image-ard parts other than
the background from each other. 10: Eighth Embodiment Next, the eighth embodiment of the present
The process carried out at the step S52508 cf the
flowchart shown in Fig. 30 as well as the processes
carried out at the steps $52609, 852610, 852611, S52612
and S52613 of the flowchart shown in Fig. 321 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, these processes are
processing to determine the address of an unidentified
object.
The process carried out at the step §52614 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. 25.
That 1s to say, these processes are processing to find
the coordinates of the center of the area in which the
unidentified obiect exists.
9: Seventh Embodiment
Next, the seventh embodiment of the present
invention is explained.
Fig. 32 is a diagram roughly showing relative

position functions & used in an image~processing
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invention is explained. Fig. 34 is a diagram showing a typical still image taken by an image taking
camera 5202. 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 immage 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 qufie avithin: thesbounesiafpossibility thad ey adoptiansef the #echnique according to the
sixth embodiment as it is, the shore 52902 and the light tower 52903 will be each mistakenly
recognized as an unidéntified object. IThisis heeatise | ncaomiparisoniwitiy theowbelesmage, the size of
the area occupied by each of the shore 52902 and the light tower 52903 is small so that each of the
shore 52902zgrrekthetlight aswerBR903 it Mot recogmizedds @backiroend. lhorderttarsoive this
problem, it is necessary to carry out a process to remove objects each to be mistakenly recognized as
an unidentifiéd bbfece front jBcts 6T the prodeskingdp tieats atsinmiltafeslis oésirgance probability

matrix in advance. Fig. 35Ais a block diagram showing the entire image-processing apparatus
53001acanﬁﬁ@ﬁ%ﬁﬁé%ﬁﬂﬁﬁparatus according to the sixth embodiment

shown in Fig. 25. 1In the case of the seventh embodiment,
however, a plurality of relative position functions & are
used. Then, on the basis of the relative position
functions 9, a plurality cf simultaneocus occurrence
probabllity 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 simultanecus occurrence
probablility matrixes are created on the basis of a
pluraiity of relaﬁive position function &. This technique
1s merely a technique to guantize characteristic
quantities of an image composed of a fixed pattern with a
high degree of accuracy.

As 1s obvious from Fig. 32, there are eight pixels
existing at locations surrounding a certain pixel.
Relative position functions & for these pixels are
described as fcllows.

R relative position function 31 is &1 = (1, 0°)
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embodiment. The image-processing apparatus 53001 shown in Fig. 35A is all but identical with the
image-processing 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 asthe coupterparts andthe companents having thesame funcfions as their
counterparts are not explained in detail in the following description. Prior to execution of the main
processing, gsothedaasis efitherdaia ofa still image taken, in ssphotagraphing.operatignthe
image-processing apparatus 53001 according to this embodiment carries out a process to exclude
special areasif the stitimage imadeance ftarh objeststsubjestecktothrrtpcessing to-regegnize an
unidentified object. In order to exclude special areas in the still image in advance from objects
subjected to thesprotessifgte técognize as ubitentifidd oljeét, thesimmagexprocessing apparatus
53001 is designed by newly adding a processing-area setting section 53002, a display section 53003
and an input Be&tici 5330045 thedmatye-procdsimy Apparatus’5200 Baccording e the sixth

embodiment shown in Fig. 25.
position function &5 is &5

(1, 180°), a relative

(N2, 225°), a relative

position function 56 is 56

position functiecn &7 is 387 {1, 270°) and a relative

(N2, 315°).

position function 38 is 58

That i1s to say, eight relative position functions
ol to 88 can be created. By making use of the eight
relative position functions &1 to 38, 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 & step S52801. Then, at the next step 852802,
a counter variable 1 is initialized to‘O. Subseqguently,
the fiow ¢f the processing represented by this flowchart
goes on to a step 852803 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 out at the step S52803 indicates that the
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The display section 53003 is the LCD unit in 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, the user operates the input

section 530044n gederdospecify an aremeisplsyyed onjthe gdisplay section53003Jp a-state of
overlapping a still image also appearing on the display section 53003 as an area to be excluded.

The processing<atrea setting-2gctionH3002 sets theiared 1o berexeludeddr the.charagteristic-quantity
computation section 53013 so that the area is excluded from a process carried out by the
characteristicstygantity £8hputation sechion 530138 1e tomputera simuoltanBousoccurrérnde probability
matrix. In the case of the typical still image shown in Fig. 34, the processing-area setting section
53002 sets theeareais -of thesghore 52902 and-tie figrtower 82903 i theaharactersticiguantity
computation section 53013 as areas to be excluded from a process carried out by the
characteristiGHaartity EomputairrsstfioR530%3 t&@8mpute asirdffahcouTtétrrence probability

matrix. The characteristic-quantity computation section 53013 does not carry out the process to

compute a sifHtftahE60S Geithreiite probdbifify hatfixGitifrhde pik&ss relative

positicn function &(i}. Subsegquently, at the next step

552806, a pixel determination process is carried out by

making use of the data obtained as the data of arrays in
the simultanecus coccurrence prebability matrix.

The process carried out at the step 852805 is
equivalent to the processes carried out at the steps
252503, 852504, 552505, 552506 and S52507 of the
flowchart shown in Fig. 30.

On the other hand, the process carried out at the
step Sb2806 1s egquivalent to the process carried out at
the step 552508 as well as the processes carried out at
the steps 552609, 352610, 552611, S52612 and $52613 of
the flowchart shown in Fig. 31.

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 ¢f the input image. The address a isg
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 is set.
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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 a process carried out by the
characteristic-quantity computation section 53013 to compute a simultaneous occurrence probability
matrix as areas in the background. 11: Ninth Embodiment Next, the ninth embodiment of the
present invention is explained. Fig. 353 is a block diagram showing the entire image-processing

apparatus 53011 accorgigg tQ the ginth embodiment Lhe image-processing apparatus 53011 shown
in Fig. 35B is all but identical with the image-procéssing apparatus 53001 according to the eighth

embodiment shewa i it $5A: SOMS 0emBoReRts showndn £ig: 353 as cempenents of the
image-processing apparatus 53011 have the same functions as their counterparts employed in the

image-processiig apparatils 53001 shewr imEige 35A: The componentshaying thesame functions as
their counterparts are denoted by the same reference numerals as the counterparts and the
components baving the séme.fulbtiond as their counterpaets are not explaineddn detail in the following
description. Much like the image-processing apparatus 53001 shown in Fig. 35A, prior to
execution of theaRaINGIroBEssing cord theBdtsis Bithe dala of astill image takenvih eaplotographing
operation, the image-processing apparatus 53011 according to this embodiment carries out a process
to exclude speciaf AFsah the Sl image 1h BdvVants fioh ebfeiesulsBsted e ¥l proeéssing to
recognize an unidentified object. The image-processing apparatus 53011 according to the ninth
embodiment EUiHEreNT Font #RFintayeSproce&ing ApparatdS 83661 A8&orBft s thE efghth
embodiment in that the image-processing apparatu 1 automatically sets an area to be excluded
AT the opbiator IoEt ribt hBed 10 Shedty B

from a still image <o that the dpdtator Hoes riot hde e %xéﬁ“a%%.e FoF fHis Féason, the

\"image-proces%r%gaapparatus 53011 does not have the display section 53003 and the input section
53004, which are employed in the image-processing apparatus 53001 according to the eighth

e e oo L e oS aea e S SUPRSS A comect
completed, the flow of the processing represented by this
fiowchart goces on to a step $52807 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 S52803 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 8§52803 indicates that the
relative position function &(i) exists, the flow of the
processing represented by this flowchart goes on to the
step 552804 at which the relative position function &(1)
is set. Thereafter, the processes of the steps S52805 to
552807 are carried out. If the determination result
produced in the process carried out at the step S52803

indicates that the relative position function 3(i)dces
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The processing-area setting section 53002 regards a processing result received from the pixel-set
determination section 53015 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 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

characteristigsyantity compiration section-530E340 compute & simultaneoes occurrence probability
matrix. The image-processing apparatus according to the first, second, third, fourth, fifth, sixth,
seventh, eighthcandnningt émbodimenis sleserhedise farare padistiarhssuitable-for monitoring an
environment having a single background such as a sea as explained earlier by referring to Figs. 27A
and 34. Thugidinariyicasesh e infegectakirgscaimeralfis rotafed sthas tebe tapable of monitoring a
wide range. Fig. 36A is a diagram showing an external view of the image-taking camera 5202
employed inRRE Embudirhenst Fiy 368 (5 a Black iagram enbwirieea condbinativreofthedmage taking
camera 5202 shown in Fig. 36A and the image-processing apparatus 5201. As shown in Fig.

36A, the imadgettaking tattera 520258 Aiciint8d o P8RRIy Gehriappardtts 532828455 to
goes on to a step S52808.

At the step 852808, all 1 image-flag bitmaps
obtained for the relative position functions diilare
integrated. The process of the step £52808 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 threshold value in order to give a resultant flag.
By carrying out this processing, the existence of an
unidentified cobject can be determined with a high degree
of precision.

Then, at the next step $52809, the coordinates of
the center of the area in which the unidentified object
exists are computed. Finally, at the last step $52810,
the execution of the processing represented by this
flowchart is ended.

The description given above i1s summarized as
follows.

The core component of the image-processing
apparatus 52001 according to the embodiment is a
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make the image taking camera 5202 capable of monitoring a wide range. 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 de@g&%égﬂﬁ&@%aﬁﬁ%a' IEPIESERIINg; e ratation 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 thigmeay, arstill ipage generated by dhe imagetakingcamera, 2202,5an be stored in
a RAM 5105 employed in the image-processing apparatus 5201 and the processing described before

can be carriesrait evennrptationeangle detemiined imadvansgas:a rofatienaf the image taking
camera 5202. In the case of the eighth and ninth embodiments, an area to be excluded from a
process carriedmut by rthe eharacternsticaguantityeecond@utation Section 5301 Itocomplutera r
simultaneous occurrence probability matrix is set every rotation angle cited above as the rotation

on, array data is created in the simultaneous occurrence

probability matrix array data area 52103 by adoption of

an algorithm based on a simultaneocus cccurrence

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 i1s determined to

be a pixel of the background of the input still image.

Subsequently, the relative address of the image pixel

corresponding to 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 as

a flag at the relative address is set.

By carrying out the prbcessing described above, on
the basis of a simultaneous occurrence probability matrix
generated from an input still image, it is possible %o
distinguish the background of the image and parts other
than the background from each cother.

10: Eighth Embodiment

Next, the eighth embodiment of the present
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angle of the image taking camera 5202. Typical implementations described below can each be
conceived 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 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 from the processing to

compute characteristicauaniitiesy 1 a1n3); Theifgatuses providedy the firsh, sgeond, third, fourth,
fifth, sixth, seventh, eighth and ninth embodiments can all be implemented in one image-processing

apparatus. Irc this ease, flag valueseemputesrinaecerdange withithe features-efthe fipsf 1o ninth
embodiments as the values of flags each provided for an image portion of an input image are
multiplied logically by Baeh otzatcor subjected:tsaredddition pracess talyiedd ayresulidnt value to be
compared with a threshold value in order to produce a result of determination as to whether or not an
unidentified gifjéétlexistads thelifput 58| ikmeges shoy): An dtég sefétted Uiithe precessing-area
setting section 53002, the display section 53003 and the

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 52302. Even though each of the

shore 52902 and the light tower 52903 is cbviocusly not an

unidentified object, it is quite within the bounds of

pessibility that, by adoption of the technique according

te the sixth embodiment as it is, the shore 52902 and the

light tower 52803 will be each mistakenly recognized as

an unidentified object. This is because, in comparison

with the whole image, the size of the ares occupied by

each of the shore 52902 and the light tower 52903 is

small so that each of the shore 52902 and the light tower

52903 is not recognized as a background. In order to

solve this problem, 1t 1s necessary to carry out a

process to remove cobjects each to be mistakenly

recognized as an unidentified object from objects of the

processing to create a simultaneocus occurrence

probabllity matrix in advance.

Fig. 35A is a block diagram showing the entire

image-processing apparatus 53001 according to the eighth
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input section 53004 in the case of the eighth embodiment or by the processing-area setting section
53002 in case 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

embodimentgyihe characteristic=quantity compytation-section 83013 in easmaf thedipth gmbodiment
to give the same effects. That is to say, the area to be excluded is handled as a background and flags

stored in thegmageftag hitmap data.areaccDdas theflagsofshe appanertbus sesety  (5): In the
layout shown in Fig. 26 as the layout of the RAM 5205, the image bitmap data area 52102 and the
image-flag bemaprdata aréz 52104 aresseparatettirarneach:othere Howeves rthe smage bitmap data
area 52102 and the image-flag bitmap data area 52104 can also be combined to form a single area.
For examplei forievery pixel of andmagaredatastrugtanercairbd’ ¢reatetbas asstructure including the
luminance level and flag of the pixel. With such a structure, an absolute address of the pixel can be
stored in diréefEeapaata 52301 Thiisame TeERIvEe-aRidressEaoPAEEALGN Protess ielEt necessary.
(6): There are a variety of conceivable techniques for structuring a simultaneous occurrence probability
matrix to be f&fed ittheldirttandsuLSedifehice Probatsify Fatfix SRy UatE atéa 58803, For
example, one of the techniques is implemented b ai(ng se of an associative array, which is
realized in o WEHIGEE RTTEATY & RABTAT Hatibise oF A TEBhTuUE TRakiAg use OFpen | or the like
as the interpre{;[reﬂr I&ngggeﬁrocessinghse/sger%é angQ:‘Basicall%/, %%eeg&ocedure for determining

€ selecte

horizontal im%gepportlons of 4 ‘srtlllllql?nage can d arbitrar y In accordance with the image. It is

(_ ideal however t,automate. the pracedure fordefermining.horizontal image portigns of astill image.

Thus, it is possible to adopt a conceivable technique by which, the clustering technology is applied to

the entire inpudt stifl image, it the caseof Ahe fith embadimeatewlained earlier. Them,as a plurality of
similar horizontal areas are recognized, a horizontal image portion covering the similar areas is
determined. functions as their counterparts are not explained in
detail in the fcllowing description.
Prior to execution of the main processing, on the
basis of the data cf a still image taken in a
photographing operation, the image-processing apparatus
53001 according to this embodiment carries out a process
to exclude special areas in the still image in advance
from obijects subliected to the processing toe recognize an
unidentified obiect. 1In order to exclude special aress in
the still image in advance from objects subjected to the
processing to recognize an unidentified obtiect, the
image-processing apparatus 23001 is designed by newly
adding a processing-area setting section 5300Z, a display
secticn 53003 and an input section 53004 tc the image-

processing apparatus 52001 according to the sixth
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In this embodiment, by reducing the size of a horizontal image portion obtained as a result of the
clustering technology as a portion covering similar areas, we can expect that it is possible to make the
horizontal dividing line coincide with the sea horizon. This means 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 ehjsetdifferent feRitheihackgroundsof 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 picture taken &on 8 remoteslogation as Hie pictweofa naturahseenery. The techniques
provided by the embodiments as techniques to detect an unidentified object different from the
background aefd stiktnage: frehethedmagearerdifferentiramdhe fshhiquesbased amthestechnology in
related art as a technique of comparing the present image with an image immediately preceding the
present image: Iratedreidnes the techniques 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. THiS, Heeembsdinerts are specaBisditabistol fa msBhkvYingesordiguration in

which the image taking camera is mounted on a slewin% gear base in a state of allowing the camera to
be rotated 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, the user operates the
input section 53004 in order to specify an area displayved
on the display séction 53003 in a state of overlapping a
still image also appearing on the display section 53003
as an area to be excluded.

The processing-area setting section 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-guantity
computation section 53013 to compute a simultaneous
occurrence probability matrix.

In the case of the typical still image shown in Fig.
34, the processing-area setting secticn 53002 sets the
areas of the shore 52302 and the light tower 52903 in the
characteristic-gquantity computation section 53013 as
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in the clockwise and counterclockwise directions over a horizontal plane.

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 making

use of the imagesarocessing apparatissiaceosding tp the embodimenisdn canjubetiarhwith an image
taking camera, it is possible to provide a monitoring system in which, in comparison with the
technology irtelatedt; shackgrownd stch asmsenatheskyorahe tike £dfA be well recognized
without mistakenly recognizing natural phenomena such as waves of the sea and clouds in the sky as
an unidentifieéPBBjeEE 2 STHE SracthimenfCerihe phasent ifenbidn have beth described. However,
the scope of the present invention is by no means limited to the embodiments. In other words, it is
needless to SHAthaFofet Frodiicilasrsiond GRS BRbodRRerts ahdBtherimptemefitations can be
included in the scope of the embodiments as long as the other modified versions and the other
implementatiofis d%arﬁydé’\ﬁﬁtetfpﬁn%%%ﬁﬁﬁon%%n THERIAIT chapteF Aht3RE SPécifications of the
present inverg)t(i:ocpt1 ve Icneadcilfitci) ré,gti q%uldggtuyggrsggo% It[)% tt‘éose&keilllesg in the art that a variety of
modifications, comrblner&lons?su Commbinations and alteratlons%ﬁ OCCUr in dependence on designs

and Ot?er factars.inafay s ey arewithin fhe scane glihe appended claims.or the eguivalents

thereof.

the characteristic—quantity computation section

53013

forcibly handles the areas toc be excluded from a process

carried out by the characteristic-guantity computation

gection 53013 to compute a simultaneous cccurrence

probability matrix as areas in the background.

11: Ninth Embodiment

Next, the ninth embediment ¢f the present invention

is explained.

Fig. 35B ig 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 image-processing

apparatus 53001 according to the eighth embodiment shown

in Fig. 3bA. Some components shown in Fig. 35B

as

components ¢f the image-processing apparatus 53011 have

the same functions as their counterparts employed in the

image~processing apparatus 53001 shown in Fig.
components having the same functions as their
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WHAT IS CLAIMED IS: 1. An image-processing apparatus comprising: an image holding section
configured to store an input image,; an image division section configured to divide said input
image stored in said image holding section into a plurality of 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 image portions generated by said image division section; and

a difference computation sestion-eonfigured to earny:-qut a difference.campitation pracess of ,
computing a difference between said characteristic quantity computed by said characteristic-quantity

computation sectioieastieehkarastetistic guartity ok eaghs inshividual one-of saickimagesportions
generated by said image division section and a value determined in advance as well as a
determinatiorf pracessrof paeducing a resulhofdeterminatior: as to: whether oraat said individual image
portion is a portion of a background of said input image on the basis of said difference.

detail in the following description.

Much like the image-proccessing 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 objects subjected to the processing to
recognize an unidentified object. The image-processing
apparatus 53011 acceording 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
pe excluded freom 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 employed in the image-processing apparatus 53001
according te the eighth embodiment shown in Fig. 35A. In
acdition, a processing-area setting section 53002 is also
connected to the pixelw-set determination section 53015,

The processing-area setting section 53002 regards a
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2. The image-processing apparatus according to claim 1 wherein said value determined in advance is
the characteristic quantity of a sample selected from said background. 3. The image-processing
apparatus according to claims 1 or 2, wherein said value determined in advance is an average value of
said characteristic quantities of all said image portions composing said input image. 4. The
image-processing apparatus according to any one of claims 1 to 3 wherein a difference in said

characteristig,guaniity betweanany: twa oksaid dmage portionsis compyted in order to produce a result
of determination as to whether or not said two image portions are similar to each other, a

grouping processehasecken saidsesulisaf detensination is cardad oyt pa saidimageportions
generated by said image division section in order to generate groups each consisting of similar image
portions, andfrom a process carried ocut by the characteristic-guantity
computation section 53013 to compute a simultaneous
occurrence probablility 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

AN

characteristic-quantity computation section 53013 to
compute a simultaneous occurrence probability matrix.

The image-processing apparatus according to the
first, second, third, fourth, fifth, sixth, 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. 27A and 34. Thus, in many
cases, the image taking camera is rotated so as to be
capable of monitoring a wide range.

Fig. 36A is a diagram showing an external view of
the image-taking camera 5202 employed in the embodiments.
Fig. 36B is a block diagram showing & 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 sc as to
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each individual one 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 a horizontal image division section
configured to divide said input image into a plurality of horizontal image portions, and a small

image divisiop-sectionconfigured:g divide €aeh of sajd horizantal image-peitions gengrated by said
horizontal image division section into a plurality of small image portions having the same size and the
same shape widewhereir said difference computation section carries out said difference-computation
process and said determination process on each individual one of said
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 rotaticn along with the image taking
camera 5202. The angle detection section 53105 is
typically & tachometer generator adopting an optical
detection technigue, a magnetic detection technigque or
the like.
L detection signal generated by the angle detection
section 53105 as a signal representing the rotation angle
cf 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 emplcyed in the image-processing apparatus
5201 and the processing described before can be carried
out every rotaticon angle determined in advance as a
rotation of the image taking camera 5202.
In the case of the eighth and ninth embodiments, an
area to be excluded from a process carried out by the
characteristic-quantity computation section 53013 o
compute a simultaneous occurrence probabllity matrix is

set every rotation angle cited above as the rotation
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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 image

division section as a horizontal image portion that includes said 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-portion flag holding section configured to store results of

said determimatipheprofesses carsige out kepeatedyjeared 52 02an unidentified-object movement
distance/direction computation section configured to compute the distance and direction of a
movement made by aR Yhidentifietobjet byaconipasindespluddiedobresaits stoted arsaibe

image-portion flag holding section as said results of said determination processes carried out at
different timeS®RCe I VEA Ritndg et ProcessingEméthbd ok priSing thegtepsidfpent s

described above.

{(L1): The microcomputer is replaced with a PLD
(Programmable Logic bDevice).

{(2): In the first, second and third embodiments, it

is possible to add an exclusion process to exclude a

P

background peortion included in an image as a portion easy
teo mistakenly recognize as an unidentified object from
the processing to compute characteristic guantities.

{(3): The features provided by the firsi, second,
third, fourth, fifth, sixth, seventh, eighth and ninth
embodiments 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 sectien 53002, the display section 53003 and the
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dividing an input image into 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 quantity computed at said
characteristic-quantity 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 whgther &k pot saidindiyidualimage pertian ds-a padion:ofa- Ragkgrgundgaf.gaid input
image on the basis of said difference computed at said difference computation step. 8. An

image-processing Progran eampEsingy - = r<an kaage: divisioadunetiorsganfigured ta:divide an input

image into a plurality of image portions having the same size and the same shape;
of the ninth embodiment as an area to be excluded from a
process carried out by the characteristic-guantity
computation section 53013 to compute a simultaneous
occurrence probability matrix is set in the
characteristic-guantity computation section 53013,
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-~guantity
computation section 53013 in case of the ninth embodiment
to give the same effects. That is to say, the area to be
excluded 1s 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 layout
of the RAM 5205, the image bitmap data area 52102 and the
image~flag bitmap data area 52104 are separated from each
other. However, the ilmage bitmap data area 52102 and the
image~flag bitmap data area 52104 can also 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 absclute address of the pixel can be stored
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a characteristic-quantity computation function configured to compute a characteristic quantity of each
of said image portions generated by said image division 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
image portions generated by said image division function and a value determined in advance; and

a determination fahetart cenfiguyedito-proginige a.resoitof determinativn:as,to-whetheg er not said
individual image portion is a portion of a background of said input image on the basis of said difference
computed bycsaigdifference pampetation function: ec@s Amrimage-processing apparatus comprising:
an image holding section configured to store an inputimage; a horizontal image division section
configured to divide sdifllinpflimage atsred iV saiddmagetholding seraon mté agptaratityest horizontal
image portions; and an image-portion determination section configured to produce a result of
determinatiof 35 t§ Whtthetagost simultaneous occurrence probabllity

matrix to be stored in the simultaneous occurrence
probabllity matrix array data area 52103. For example,
one of the technigues is implemented by making use of an
associative array, which is realized in a technigue for
creating & relational database or a technique making use
of perl or 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 accordance 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 technigue 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 is determined.

In this embodiment, by reducing the size of a
horizontal image portion obtained as a result of the
clustering technology as a portion covering similar areas,
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unidentified object exists or does not exist for each of said horizontal image portions generated by said
horizontal image division section. 10. The image-processing apparatus according to claim 9
wherein said 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 portions having the same size and the same shape; a

characteristiG,guaiiity sepipetationssection configureddo compute acharactetistic guantity of each of
said small image portions generated by said small image dividing section; and a difference
computation seetieit eenfigned toogarey adt & difference computation pracesnoaf-computing a
difference between said characteristic quantity computed by said characteristic-quantity computation
section as the charddteristicrgueantityfofogachcindivicuath ome ob said :smalkinage portions generated by
said small image division section and the characteristic quantity of a sample selected from a
background &fEsaid ipindmage 88 well@sia datepminttion pracess o protucingea resuitafd .
determination as to whether or not said individual small

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 picture taken from a

remote location as the picture of a natural scenery. The

techniques provided by the embodiments as technigues to

detect an unidentified obiject different from the

background of a still image from the image are different

from the technigque based on the technclogy in related art

as a technigque of comparing the present image with an

image immediately preceding the present image. In

accordance the techniques provided by the embodiments, an

unidentified object different from the background of a

still image can be detected from the image by making use

0f the present still image. Thus, the embodimen®s 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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image portion is a portion of said background of said input image on the basis of said difference.

11. The image-processing apparatus according to claims 9 or 10 wherein said 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 portions having the same size and the same shape; a characteristic-quantity computation
section configuredite comptrite ascharactersticauantily-afwach-ofsaid: small mage portions generated
by said small image dividing section; and a difference computation section configured to carry out
a difference tompuatation prodesssof computing a difference between said characteristic quantity
computed by said characteristic-quantity computation section as the characteristic quantity of each
individual one of said $fall fFBge Poricns geterated bysaidsmat fmagés division Section for each
individual one of said horizontal image portions generated by said horizontal image division section
and an averageSrfite 6f-tHe Alardttersticadaritiies st 84t Sralfimdge portiBAS ireaiBdAdividual
horizontal imag%e (iortion as well as a determinatio%grocess of producing a result of determination as

to whether or AGtaid MGVIGTE ‘smait ifage ForioR TS 4 PbFiGT of & batkgrobA of $didikdividual

honzonEﬂnﬂ%g%pfgcgl%ggu%g%ﬂSégS%géggﬁggg% as a backgreound having a

constant characteristic even if the sea, the sky or the
like moves due to natural phenomena. The range of
backgrounas incliludes 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 is 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 object.

The embodiments of the present invention have besen
described. However, the scope ¢©f 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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12. The image-processing apparatus according to any one of claims 9 to 11 wherein said
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 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 pattionsgenetated-hyrsaid smallimage dividing sestignandang @nelustering
process section configured to perform a grouping process by carrying out a difference
computation proeess bEesmputing & differepce betweemamntwicaf.said characteristic quantities
computed by said characteristic-quantity computation section as the characteristic quantity of each
individual one of said sihakfiHadge portioht generated by saftdsmalt imagé ¥25hose

skilled in the art that a variety of modifications,
combinaticons, 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.
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division section and the characteristic quantity of one of said small image portions, which is adjacent to
said individual small image portion, carrying out a determination process of producing a result of
determination as to whether or not said individual small image portion and said small image 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 said smatiHiragepartien gg@cept: to said individual small image portion in a group if said
determination result produced in said deteon process indicates that said individual small image portion
and said small image porticmadjaeert-p saickindividyad spalt smage partioni arersimilar to each other.
13. The image-processing apparatus according to any one of claims 9 to 12 wherein said
image-portion determinatidmsectioncihgildings e ct i@ sharesteristicefiantitytopmsutation section
configured to compute a simultaneous occurrence probability matrix of each of said horizontal image
portions genérakst-by-RisAontal small image dividing section; a pixel determination section configured

to compare 126 ‘ o . .
an image division section configured to divide said

input image stored in said image holding secticn into a
plurality of image portions having the same gize and the
same shape;

& characteristic-gquantity computation section
configured to ceompute a characteristic guantity of each
of said image pertions generated by said image division
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-gquantity computation section as
the characteristic guantity of each individual one of
said image portions generated by said image division
section and a value determined in advance as well as a
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 differencs.

2. The image-processing apparatus according to
claim 1 wherein said value determined in advance is the
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the value of each individual one of matrix elements composing said simultaneous occurrence
probability matrix generated by said characteristic-quantity computation section with a threshold value
determined in advance in order to produce a result of determination as to whether or not a pixel
corresponding to said individual matrix element is 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 objeck gxists-ansthecbasis of said determinatigmresylt preducedshy.said pixel determination
section. 14. The image-processing apparatus according to claim 13 wherein each matrix
element of said sibyttanedaus occurrence probability matrix computed by said characteristic-quantity
computation section for each individual one of said horizontal image portions generated by said
horizontal image divisiod seciiba isap@ergyrincladingrthe agddeesstof onecafqpixels composing image
data in said individual horizontal image portion. 15. An image-processing method comprising the
steps of: Cdigitiry an inpuk imade reé a pladatityvef hotizdrtad image portionsgamc producing a
result of determination as to whether
1s an average value of said characteristic guantities of
all said image portions composing said input image.
4. The image-processing apparatus according to
any one of c¢laims 1 to 3 wherein
a difference in said characteristic gquantity
between any two of said image portions is computed in
order to produce a result of determination as to whether
or not sald two image portions are similar to each other,
a grouping 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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an unidentified object exists or does not exist for each of said horizontal image portions generated at
said horizontal image division step. 16. The image-processing method according to claim 15
wherein said image-portion determination step including the steps of: 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 quantity of

each of said small image portions generated at said small image dividing step; computing a
difference between saftl &frad@ristic qiEAc cOmptfddst SH¢ EharctaTstitaaptitycomputation
step as the cgéaLract ristic q%Jantité/ of each indiyidual one of said small image portions generated at

said small image diiding ‘sep 3Rt & vAIGE Beteiminedl iR-advancearfet 1 det&@tifing whether or

not said indiv'iqyaal gmaggr{laggéaortior&is a portion of a background of said input image on the basis of
said difference cc?mpﬁted 4t said difference computation step.

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 portions having the same size and the same
shape

wherein said difference computation section carries
out said 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 cne cof said horizontal image portions
generated by said horizontal iﬁage division section as a
horizontal image portion that includes said 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-portion flag holding section configured to
store results of said determination processes carried cut
repeatedliy; and

an unidentified=-object movement distance/direction
computation section configured to compute the distance
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17. The image-processing method according to claims 15 or 16 wherein said image-portion
determination step including the steps of: evaluating every pixel in each individual one of said
horizontal image portions generated at said horizontal image division step by making use of a relative
position function determined in advance in order to generate a simultaneous occurrence probability
matrix for said individual horizontal image portion; storing the address of each individual one of

pixels compoging eash individual eng of.said norizqptalimage poriigns feneraied pt said horizontal
image division step in a matrix element included in said simultaneous occurrence probability matrix

generated at&%cgeig(ebg,vqllgﬁtgpgﬁtgg far %"’Eq }@(ﬁ}ggg;algpri;gg@wgagec podion.as ezg érrlzgrix element

corresponding to said individual pixel; comparingthe value of each individual on matrix

elements compasing;said sigpltangeus, aeeurrenceRrobability matiix generated at said pixel
evaluation step with a threshold value determined in advance; and producing a result of

determinatiors as 40 ahethereratol arpixelcosesponding 1o saiddndividuak matix-element is a pixel of
a background on the basis of a comparison result produced at said matrix-element comparison step.

times.

7. An image-processing method comprising the
steps of:

dividing an input image into a plurality of image
pertions having the same size and the same shape;

computing a characteristic guantity of each of said
image portions generated at saild image division step;

computing a difference between said characteristic
quantity computed at said characteristic-guantity
computation step as the characteristic guantity of each
individual one of gald image portions generated at said
image division step and a value determined in advance;
and

determining whether or not said individual image
portion is a portion of a background of said input image
on the basis of said difference computed at said
difference computation step.

§. An 1lmage-processing program comprising:

an ilmage 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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18. An image-processing program comprising: a horizontal image division function configured to
divide an input image into a plurality of horizontal image portions; and an image-portion
determination function configured to produce a result of determination as to whether an unidentified
object exists or does not exist for each of said horizontal image portions generated by said horizontal
image division function. 19. The image-processing program according to claim 18 wherein said

image-portion determig_\ag'gg function i%cg_ligjﬂgij ant & gg%%Q%gygo%Mgg%gonﬂgured to

divide each of said horizontal image portions generated by said horizontal image division function into
a plurality of smaH imageportio R the same size-.andsthesame shapes; or &ach

characteristic-quantity computation function configured to compute a characteristic quantity of each of
said small imagegfuortions.gerergtec:hy saidsmalkimage dividngifanetignje division
function;

a difference computation function configured to
compute a difference between sald characteristic gquantity
computed by said characteristic-guantity computation
function as the characteristic guantity of each
individual one of said image portions generated by said
image division function and a value determined in
advance; and

a determination function configured to produce a
result of determination as to whether or not said
individual image portion 1is a portion ¢of a background of
said input image on the basis of sald difference compuied
by said difference computation function.

9. An image-processing apparatus comprising:

an image holding section ceonfigured to store an
input image;

a horizontal image division section configured to
divide said input image stored in said image holding
section into a plurality cof horizontal image portions;
and

an image-portion determination section configured

to produce a result cof determination as to whether an
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a difference computation function configured to compute a difference between said characteristic
guantity computed by said characteristic-quantity computation function as the characteristic quantity of
each individual one of said small image portions generated by said small image dividing function and
a value determined in advance; and a determination function configured to produce a result of
determination as to whether or not said individual small image portion is a portion of a background of
said input image qn the r%aSi of said difference computed by said difference computation function.

20, The image srOEBaing SroTARTSEoc g 6 CRAmE o or 13 wHENAH SSRRREE potfon
determinat'ioréguin{%tigg irlczl%(;ligg_i ! feuncg%r%l%e%pgraté%n gjggg%n‘gonf%ﬁd to prepare one or
more relative position fﬂnctlons, a%lx evaluation fanction conflggre 0 evaluate every pixel in

each individual, ong of said P}Lq{gggta&irgggg ggrti&o@g&%}?fated by said horizontal image division

function by making use of at least one of said relative position functions prepared by said function
preparation function in ergler to:gengralea simuitanequs; ogeurrance robability matrixfor said

individual horizontal image portion;
claim 9 wherein said image-portion determination section
including:

a small image divisiocn section configured to divide
each of said horizontal image portions generated by said
horizontal image divisgion section into a plurality of
small image portions having the same size and the same
shape;

& characteristic-guantity 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 quantity of each individual one of
said small image portions generated by saild 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 ¢f producing a result of

determination as to whether or not said individual small
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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 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-element comparison function configured to compare the value of

each individue_;LIIgéweeof rggtﬁrix elements corg;gosing said simglt neqQus occurren egrobability matrix
n

generated by said-pixél evaluation functiona threshord Valus deterined iiradvanta8nd a

pixel-set determipgtion fungtion canfiguged to praduce. a 15?)?%{%%1‘ determination that a pixel

.. . ,
corresponding to said individual matrix element is a pixe ackground if said value of said

individual matrix element yeaches saig4h Q@C\@éléelggteé inadin AVANER - 43 g «o
IMAGE-PROCESSING APPARATUS, IMAGE PROCESSING METHOD AND
claims 2 or 10 wherein said image-portion determination
section including:

a small image divisicn section 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 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 guantities of said small image portions in

said individual horizontal image portion as well as a
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IMAGE PROCESSING PROGRAM ABSTRACT OF THE DISCLOSURE Disclosed herein is an
image-processing apparatus including: an image holding section configured to store an input image;
an image division section configured to divide the input image stored in the image holding section into
a plurality of image portions having the same size and the same shape; a characteristic-quantity
computation section configured to compute a characteristic quantity of each of the image portions
generated by the image division section; and a difference computation section configured to carry out
a difference cOfTRFatIGHSroeesS BPEGRBUtTY REEISACE betwesithe chracteristic quantity
computed by the characteristic-quantity computation section as the characteristic quantity of each
individual one& §TtRETHAGE TIHiGHS Jéheraftd BiF theinfagk difididn sediisn dHa a valge determined in

advance as well as a determination process qf producing a result of determination as to whether or not

the individual TMag8 poftion & poridntdt 2 Batkgrourdl STAAE FRitHAage oRdhé basis of the

mﬁmence'ﬁggéﬁvidual horizontal image portion on the basis of said
difference,
l2z. The image-processing apparatus according to
any one of claims 9 to 11 wherein sald image-portion
determination section including:

a small image division section configured teo divide
each of said 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-guantity computation section
configured to compute a characteristic guantity of each
of said small image portiocns generated by said small
image dividing section; and

a clustering 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 guantities 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
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division section and the characteristic quantity of one
of said small image portions, which is adjacent to said
individual small image portion,

carrying out a determination process of producing
a result of determination as toc whether or not said
individual small image portion and said small image
portion adjacent to said individual small image portion
are similar to esach other on the basis of said difference
computed in said difference computation process, and

putting said individual small image portion and
said small image portion adjacent to said individual
small image portion in a group 1if said determination
result preduced in sald determination process indicates
that saild 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:

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
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the value of each individual one of matrix elements
composing said simultaneous occurrence probability matrix
generated by said characteristic—guantity computation
section with a thresheold value determined in advance in
order te produce a result of determination as to whether
or not a pixel corresponding to said individual matrix
element is a pixel c¢f a background; and

a pixel-set determination section configured to
produce a result of determination as te whether or not an
unidentified object exists on the basis of said
determination result produced by said pixel determination
section.

14. The image-processing apparatus according to
claim 13 wherein each matrix element of said simultaneous
occurrence probability matrix computed by said
characteristic—-guantity computation section for each
individual one of said horizontal image portions
generated by said horizontal image division secticn is an
array including the address of one of pixels composing
image data in saild individual hcerizontal image portion.

15, An image-processing method comprising the
steps of:

dividing an input image intc a plurality of
horlzontal image portions; and
producing a result of determination as to whether
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an unidentified object exists or does not exist for each
of said horizontal image portions generated at said
horizontal image divisicon step.

16. The image-processing methed according to
claim 15 wherein said image-porticon determination step
including the steps of:

dividing each of said horizontal image portions
generated at said horizontal image division step into a
plurality of small image porticns having the same size
and the same shape;

computing a characteristic guantity of each of said
small image portions generated at said small image
dividing step:;

computing a difference between salid characteristic
guantity computed at said characteristic-quantity
computation step as the characteristic quantity of each
individual one of said small image portions generated at
said 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 basis of said difference computaed 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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step including the steps of:

evaluating every pixel in each individual one of
said horizontal image porticns generated at said
horizontal image division step by making use of a
relative position function determined in advance in order
to generate a simultaneous occurrence probability matrix
for said individual horizontal image portion;

storing the address of each individual one of
pixels composing each individual one of said horizontal
image portions generated at said horizontal image
division.step in a matrix element included in said
simultanecus occurrence prcbability 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 compesing said simultaneous occurrence
probability matrix generated at said pixel evaluation
step with a threshold value determined in advance; and

producing a result of determination as to whether
cr not a pixel corresponding to saild individual matrix
element 1s 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:
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a horizontal image division function configured to
divide an input image into a plurality of horizontal
images porticons; and

an image-portion determination function configured
to produce a result of determinatiocn as to whether an
unidentified object exists or does not exist for each of
said horizontal image portions generated by said
horizontal image division functicon.

19. The image~processing program according to
claim 18 wherein sald image-portion determinaticn
function including:

a small image division function configured to
divide each of said heorizontal image portions generated
by said horizontal image division function into a
plurality of small image pcertions having the same size
and the same shape;

a characteristic-guantity computation functiocn
configured tce compute a characteristic guantity of each
of said small image portions generated by sald 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 said small image portions generated by
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szid small image dividing function and a value determined
in advance; and

a determination function configured to produce a
result of determination as to whether or not said
individual small image portion 1s a portion of a
background of said input image on the basis of said
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 peositicn functions:

a pixel evaluation function configured to evaluate
every pixel in each incividual one ¢of said horizontal
image portions generated by said horizontal 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 simultaneous
occurrence probability matrix for said individual
horizeontal image portion;

an address storing step of storing the address of
each individual one of pixels composing each individual
one ¢f said horizontal Image portions generated by said

horizontal image divisicn 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 sald individual pixel;

a matrix-element comparison function configured to
compare the value of each individual one of matrix
elements composing said simultaneous occurrence
probability matrix generated by said pixel evaluation
function with a threshold value determined in advance;
and

a pixel-set determination function configured to
produce a result of determination that a pixel
corresponding to said individual matrix element is a
pixel of a background if saild value of said individual
matrix element reaches said threshold value determined in

advance.
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ITMAGE-~-PROCESSING APPARATUS, IMAGE PROCESSING METHOD AND
IMAGE PROCESSING PROGRAM
ABSTRACT OF THE DISCLOSURE
Disclesed herein is an image-processing apparatus

including: an image holding section configured to store
an input image; an image division section configured to
divide the input image stored in the image holding
section into a plurality of image portions having the
same size and the same shape; a characteristic-guantity
computation section configured toe compute a
characteristic quantity of each of the image portions
generated by the image division section; and a difference
computation section configured to carry out a difference
computation process c¢f computing a difference between the
characteristic quantity computed by the characteristic-
guantity computetion section as the characteristic
guantity of each individual one of the image portions
generated by the image division section and a value
determined in advance as well as a determination process
of producing a result of determination as tc whether or
not the individual image portion is a portion of a
background of the input image on the basis of the

difference.

Fig 1laA.
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