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DESCRIPTION

TITLE OF THE INVENTION: INFORMATION PROCESSING DEVICE,
IMAGE SENSOR DEVICE, AND PROGRAM

TECHNICAL FIELD
[0001] The present invention relates to an information

processing device, an image sensor device, and a program.

10 BACKGROUND ART
[0002] Conventionally, control devices that efficiently
perform light modulation contrcl in order to save energy
have been requested. For example, when illuminance sensors
(illuminance system) installed in offices or the like

15 detect that illuminance is less than a threshold value, the
control devices perform control to turn off lighting
devices located at corresponding positions and keep the
illuminance having a constant value. 1In the past,
technologies for performing lighting control using images

20 (captured images) captured by cameras instead of the above-

described illuminance sensors have been suggested.
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SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

30 [0004] However, there may be various detection areas in
which image sensors are installed. Therefore, it is
desirable to provide a technology capable of detecting

indoor brightness with higher accuracy, irrespective of
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. processing device, an inmge sensor device, and a program 10 BACKGROUND ART
[0002]Cbnvent|onally control devices that efficiently performlight
nodul ati on control in order to save energy have been requested. For

exanpl e, when illum nance sensors (illum nance system) installed in offices
or the like 15 detect that illumnance is |l ess than a threshold value, the
control devices performcontrol to turn2off |lighting devices | ocated at
correspondi ng positions and keep the illum nance having a constant val ue.

In the past 1sett%%§%99bs§ Leripe rJeOJe@tg%n Lghting §8ﬁ£r‘1 Usidig i mages

20( captured 1 mages) captured %y camer a nst ead of ove- descri bed
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sensors installed. Th f d ble t hnol
capabl o Of - ABCENG S RUBOF T ST b O P BREPS R 2 15T S0i8et | oo

of 11111111EK EhtEELEe* RNOORR*number of cameras, it is de51rable to

provide a technology capable of performing adjustment more

efficiently.

10 MEANS FOR SOLVING PROBLEM
[0005] According to one embodiment, an information
processing device comprises: a retaining unit that retains
a basic model indicating a plurality of relations for a
plurality of subject conditions between a plurality of

15 illuminances and a plurality of luminance of a plurality of
captured images, which are obtained when a subject 1is
imaged by changing an illuminance condition under the
subject conditions; a reference image acquiring unit that
acquires a captured image captured in a target space for

20 illuminance estimation as a reference image; a reference
illuminance acquiring unit that acquires illuminance of the
target space at a time of imaging the reference image as
reference illuminance; and an illuminance estimation model
generating unit that generates an illuminance estimation

25 model indicating a relation between illuminance and
luminance in the target space from a data value indicated
as a pair of the reference illuminance and luminance of the

reference image based on the basic model.

30 BRIEF DESCRIPTION OF DRAWINGS
[0006] FIG. 1 is a diagram illustrating an example of
the configuration of an illuminance estimation model

setting system according to a first embodiment.



2 setting places of the detection areas. Further, when illum nance
"esti'mation is performed using captured inmages, it is necessary to adjust
setting so that an appropriate sensing result can be obtained fromthe
captured i mages. 5 However, since the adjustnment work becones conplicated
with an increase in the nunber of caneras, it is desirable to provide a
t echnol ogy capabl e of perform ng adjustment nore efficiently. 10 MEANS FOR
SOLVI NG PROBLEM [ 0005] Accordi ng to one enbodi ment, an information

processing devi cergONprises: qf.dLLR1N NG Akt nhah £8LAk NS, & asi ¢ nodel
indicating a plurality of relations for a plurality of subject conditions
bet ween a plaxeaipley obf an5ihadeinterescest ldng taapedr ahi FyGofld um nance of a
plurality of cap%%%edBiggggsdigWHéﬁlggﬁ%4% £ i@§d m@@g 9r§§§ie%ﬁ1is i mged
by changi ng an i l''urm nance condi 15 on under the gub;ec? conditions; a
reference | nagampdequifr thg oonfidlmadtiaoquifr eheainaptusensormage captured in a
target space for 20 iIIuningce estimation as a reference image; a

referencd i uMSTdAcE%atlu !

hg unit that acquires illum nance of the
target space at &IG.nme 0f &nagidgan he-Headariendeyi Nayesasat eferance
i l'lum nance; and _an il | um nance estinatkggénndeh#aeneratin uni t that

gener at es arf5APdE RAnEBS eSPR BT 1ot 25! S AdLERITAYCR TEH A9 et ween

i1 'um nance a1l y@he2BEeohNdéNECd af gRls tSRaca fihorrae. data val ue indicat ed
as a pair of the reference illum nance and | um nance of the reference inage
based on the basifd®nodefs 309BRER ESRPFHCEN 1 OF DRAVE RS TD006] FIG 1 is

a diagragm i ld.ustnakl Bg BAsexappher HFi e tcontygyhakir@n of an illum nance
estinmation nodel setting systemaccording to a first enbodiment. 3
FIG 2 is a diagfdf-ibl ustaafiegchkart nstlalgtaritongeranpranpfe 0f iatage sensor

Lt e Gty oopipssFL gt s R agion sebersd! s ing
to the first embodiment.

FIG. 7 is a flowchart illustrating an example of a

15 Dbasic model generation process illustrated in FIG. 6.

FIG. 8 is a diagram schematically illustrating an
example of a captured image by the image sensor illustrated
in FIG. 2.

FIG. 9 is a diagram schematically iilustrating the

20 configuration of an image sensor according to a second
embodiment. _

FIG. 10 is a flowchart illustrating an example of the
order of an illuminance estimation process according to the
second embodiment.

25 FIG. 11 is a diagram illustrating an example of the
configuration of an image sensor system according to a
third embodiment.

FIG. 12 is a diagram schematically illustrating an
example of the configuration of a lighting control device

30 illustrated in FIG. 11.

FIG. 13 is a diagram illustrating an example of a data
structure of a sensor management table illustrated in FIG.

12.



Sillustrated in FIG 1. FIG 4 is a diagramschematically
illdstrating an exanple of the configuration of the illum nance estimation
nodel generation device illustrated in FIG 1. FIG 5 is a diagram
schematically illustrating 10 exanples of basic nodels illustrated in FIG
4. . FIG 6 is a flowhart illustrating an exanple of an illum nance
estimati on nodel generation process accdrding to the first enbodinent. FIG
7 is a flowhart illustrating an exanple of a 15 basic nodel generation

process illust ra%%%.i ?éF%gaGflowchar Ell%s§6$§%ﬁ%déggém Céﬂ%rfatal cal l'y

illustrating an exanp a captured inmage I mge sensor illustrated
in FIG 2. 1lighting cPhGro® psoceshi agrcamdicheimt tbal tlyird |argtaddatmendg .t he 20
configuration of an inage sensor according to a second enbodi nent.

FIG 10 is a flowhart illustrating an exanple of the order of an

i Il um nance mesidriiption proEmissdaceardi ng to the second enbodi nent. 25FI G

11 is a diagr i.llustrating_an exanple of the configuration of an _inmage
sensor sgst g[rﬂ%?(?éordi H@r?bngﬂf?ﬁ'r cFrérfﬁ’(;éﬁrfP@%ll?n procgssqul%mff’i §0q

di agr am schemigeCalkh¥ okl Hust £&} | 11 an xaFRhe aetotheng oty i givatinentel a
lighting control device 30illustrated in F IG 13 is a

FI G 11. , . F
di agram i | | 7t 86 A§VERTERANPH L die LBardPsfr dBt drkabt Wl Hen&f e if@r&gement
table illustyated LppEh&d drawingsFIG 14 is a flowchart illustrating an
exanpl e of a lighting control process according to the third enbodi nent.
Descri ption [éTlrEﬁ'ﬁbgﬂ'gﬁéhF‘@nt]
]

10 [0008 In a first embodiment, an example will be
described in which an information processing device and a
program according to the invention are applied to an
illuminance estimation model generation device that
generates an illuminance estimation model to be described

15 below.

[0009] FIG. 1 is a diagram illustrating an example of
the configuration of an illuminance estimation model
setting system 1 according to the first embodiment. As
illustrated in the drawing, the illuminance estimation

20 model setting system 1 includes image sensors 10 and an
illuminance estimation model generation device 20. Here,
the image sensors 10 and the illuminance estimation model
generation device 20 are detachably connected to a line N,
and thus communicate with each other via the line N. The

25 number of image sensors 10 connected to the line N is not
particularly limited. Hereinafter, each device of the
illuminance estimation model setting system 1 will be
described.

[0010] The image sensor 10 includes an image sensor such

30 as a CCD (Charge Coupled Device) or a CMOS (Complementary
Metal Oxide Semiconductor) and outputs illuminance or the
like derived based on an image or a video (hereinafter,

referred to as a captured image) obtained by imaging as a



5[0007]Fbre|nafter an information processing device, an inage sensor

" devi'ce, and a program according to enbodi nents of the invention wll be
described in detail with reference to the appended drawi ngs. [First

Enbodi ment] 10[0008]In a first enbodi nent, an exanple will be described in
whi ch an information processing device and a program according to the
invention are applied to an illum nance5esti mati on nodel generation device
that generates an illum nance estinmati on nodel to be described 15 bel ow.

[0009] FIG  Ld§;a di-agnam il pustrating anexamle of.4h rac lcon of
ing to t

an i|luninance esti mation node setting system 1 accor |rst
enbodi ment . mded Isestrat e in itecariad g, athelﬂhhgnvﬁadeJxkdun@a@mdn 20

model setting, systemJolncludes, [ iage sanaats 10 and.amy |y nance

estimation genera io I mage sensors 10 and the
i I I um nance cisteadongn nodel generation device 20 are detachably connected
to a I|n t hus_commu wth each oth a the line N. The 25
nunber Héggqéensopg %0 Q%ﬁhe ted & §1ERE A SERFkﬁaﬁﬁ?gﬁﬁ}tlcularly
Iinited Fbrﬁﬁéﬁﬂﬂm%k;oﬁaéhaﬂpyéO&f(ﬁhd|ﬂmdgb|uﬁhﬁaﬁCEoeStImﬁﬁheDn nodel

setting systen1l wi || be. described. [0010] The i sensor 10 includes an
i mage sensordIAIERI30 TAE ANEED f%ﬂ*ﬁaorrgel |188t53€g§e}no? ]év\?ﬂ@

( Conpl ement ariyHYEHY O des Seai comdued @ro)f amdaeuwymméwrammc@r the
| i ke derived based on an inmage or a V|deo hereinafter, referred to as a

captured i mefe owtailned By F%%gﬁ?k}%ﬂ? -a F5CseRsihyuFesateS dor exanpl e, as
iITustraped duefh@ 12, whhenl MRG&GSENs Y 1@ LsrhAgtal §ede 351Qfé ling of a

bui I ding and perforns imaging in a floor direction (direct | ower
di rection). the office, but the indoor layout is not limited to this

example.
[0012] FIG. 3 is a diagram schematically illustrating an
example of the configuration of the image sensor 10. As

15 illustrated in the drawing, the image sensor 10 includes a
camera unit 11, a communication unit 12, a storage unit 13,
and a control unit 14.
[0013] The camera unit 11 is an image sensor such as a
CCD (Charge Coupled Device) or a CMOS (Complementary Metal

20 Oxide Semiconductor) and outputs a photographed captured
image to the control unit 14. The communication unit 12 1is
a communication interface which is detachably connected to
the line N, and transmits and receives various kinds of
information to and from an external device (the illuminance

25 estimation model generation device 20 or the like) via the
line N.
[0014)] The storage unit 13 stores various programs oOr
setting information relevant to the control of the image
sensor 10. An example of the setting information stored by

30 the storage unit 13 includes an illuminance estimation
model 131 determined by a relation between luminance
obtained from the captured image and illuminance estimated

from the luminance. The illuminance estimation model 131



5[0011]Here, FIG 2 is a diagramillustrating an installation exanple of
"the 'i mage sensor 10. In the drawing, the imge sensor 10 is installed in a
ceiling. Lighting devices 30 (30a to 30f) that illumnate an office are
installed on the ceiling. FIG 2 illustrates an 10 exanple in which two
desks D are arranged side by side in the office, but the indoor |ayout is
not limted to this exanple. [0012]FIG 63 is a diagram schematically
illustrating an exanple of the configuration of the inage sensor 10. As 15

i Ilustrated jin sLhe ; dravh Bgrnd Hfod MRAe 3enser 1 10uhdehpdes. & Gamal unit 11,
a communi cation unit 12, a storage unit 13, and a control unit 14.

[ 0013] The cameied geherdtieon devigmdd .sedsor ldushnanca €oDNChargandsupl ed
Devi ce) or glV[,gS Conpl r I i ] uct.or out put s
a phot ogr apﬂlell cé’p%ﬁre S??gn%ée@t%e]t%%fgﬁt%rr% gﬁ;?ﬁﬁ%ﬁé}%ee%%%%%ga“ on
unit 12 i s &reamitei captoned nirrdaacesiwky ¢chei $ldenhachadk yectommeadtoad to t he

line N, and transmts and receives various_kinds of .inf ti.on.to and from

an extergal Hl:?@@i cg]#t‘ heg??lhﬁ%%aé‘% e«?"sétlfnﬁﬁtl%nm?r%%gl{)%gﬁwelrla °Sn devi ce

20 or the |lida)knibadt he débei N.od1d4] The storage unit 13 stores various

prograns or setting ingor mat | on]nrel.ev Qlt to the control of_the inmage sensor
o]

10. An exanpl®1of t he 88t MG hfBtati‘oRast 8r E8™BYC3D Tl A dge unit 13

i ncl udes an d1 launipgancenesii netd s smdelunidl , dat rowi (ReadYora el at i on
bet ween | um nance obtained fromthe captured i nage and il] um nance

estimated frEREEE /| aniRAYnER2NA9R 499585 NEROE Yést PRAL T Hotfel (PPRE 6 i s

settingipnf yagiieR g8t by1tderddddmprneeneshi MBt LoR: AR 5 ealsi on
device 20. An illum nance estimation unit 141 to be described bel ow
performs il lanithgndeagst famsebn ¢ rigmadspegapioreditragec 1IN SHHered

illuninancejﬁ?%%%ahbgnor the storage unit 13. Further, the control
unit 14 includes the illuminance estimation unit 141, a
human detection unit 142, and a sensing result output unit

15 143 as functional units in cooperation with a program
stored in the ROM or the storage unit 13.

[0016] The illuminance estimation unit 141 estimates the
illuminance of an area which is a subject from the captured
image photographed by the camera unit 11 based on the

20 illuminance estimation model 131 stored in the storage unit
13. Specifically, the illuminance estimation unit 141
acguires luminance from the captured image and derives
(estimates) illuminance corresponding to the luminance
based on the illuminance estimation model 131.

25 | [0017] Here, the luminance is acquired from the captured
image by a pixel level, but an area to be acquired is not
particularly limited. For example, an average value or the
like of the luminances of pixels constituting the captured
image may be acquired as the luminance of the captured

30 image. Further, an average value of the luminances of
arbitrary areas in the captured image may be acguired as
the luminance of the captured image.

[0018] Furthermore, the luminance may be acquired for



.5 nodel 131. The illum nance estination nodel 131 will be described in
detdil below. [0015]The control unit 14 has a conputer configuration of a
CPU (Central Processing Unit), a ROM (Read Only Menory), a RAM (Random
Access Menory), and the like (none 10 of which are illustrated) and
generally controls a process of the imge sensor 10 in cooperation with a
program stored in the ROMor the storage unit 13. Further, the control unit
14 includes the illum nance estimtion unit 141, a human detection unit

142, and a i ubt . i ; a i O i i
cooperati onsé\%l%t%h%g %ggg#gm&sj% g%ﬁnﬁ%%%eo?aéﬁg%? o{r}galggeéjtr}gn]%FQE f@.
[ 0016] The i |dfura pancelésyi ohtdonisimnt atdbsestividedsitére thd wraptanee of an

area which i.s a subject fromthe captured.i.mage_phot ogra hie.d by the canera
GNPt 11 basel s t hEoB0STITENS natlle ddtS tatiAiAbgel ST e Sy d ot It he

st orage uni t1313 cospeepbhaahd yto titee idisprisiaioe eskitrhbm okt uridh A kedcquires
[ um nancg fromtf&g ga tured i mage, and derives ﬁesti mates) il |l um nance
d h

cor respondi g 16 IV ARNRESDase P I (he HHEHRFRARce B3t99HtSh nodel

131. 25[ 0017dderacht pexkundpagsen i $i AW edehr apLhheckapt ured i mage by a
pi xel level, but an area to_be acquired is not particularly limted. For
exanpl e, an RFELEHENFANEel bR HRAN T & BiMekd OPURPHBHCES! of Hiskel s

constituting itihgieaptHr 8dri vBger Ry hergddienedrasathed] e nanceaf the
captured 30 |ma%§. Further, an average value of the |um nances of arbitrary

areas in th@ayapeuPedririmfedpalyebevdeytitce §oasesRent iy ndiioe Ot idRe

capt uredoi mage.; (;QQ18LFURtheL oy e, w4 Imepanee maysbg,acquired for 7
each of the pixels constituting the captured i mage or each of a plurality

of di vi si on idrlg@g ngneededf f tlogn Rive leqpturtde dasigeloForrexamsle banhen t he
il lum nance %Sttscju@ti on nodel 131 corresponding to the disposition position
of each pi xél or each division area is set, the illum nance is derived
for each pixe0l®] eachihdi vusaondeatres iwsi ngitthé4eodeespondi ng il | um nance

timati del 131.. The il uni i fr h_pj xel h
G vi St on' ar 65 RET B BCRAE. ©OGETHETS w11 LRCCOPF e ponth Ty & SPSeEY on

15 the amount of activation, the number of people, or the like
in an area which is a subject by analyzing the captured
image photographed by the camera unit 11. A method of
detecting the presence/absence of people from the captured
image is realized by a known technology.

20 [0020] The sensing result output unit 143 outputs the
illuminance estimated by the illuminance estimation unit
141 and the detection result obtained by the human
detection unit 142 as the sensing result of the subject
device to an external device via the communication unit 12

25 or stores the illuminance and the detection result in the
storage unit 13. The illuminance output as the sensing
result may be an unchanged value output from the
illuminance estimation unit 141 or may be a value divided
step by step (level) according to the degree of illuminance.

30 [0021] FIG. 4 is a diagram schematically illustrating an
example of the configuration of the illuminance estimation
model generation device 20. The illuminance estimation

model generation device 20 is an information processing



10 position or an average value or the like of the illum nances of the

pi x€l s or the division areas may be output. [0019] The human detection unit
142 detects presence/ absence of people, the behavior contents of people, 15
t he amount of activation, the nunber of people, or the like in an area
which is a subject by analyzing the captured i nage phot ographed by the
canera unit 11. A nethod of detecting tBe presence/ absence of people from

t he captured inage is realized by a known technol ogy. 20[0020] The sensing

resul t out pye ynit S1dR QUL puss Eﬂ@rédda‘imc% GeepptLrmL ed e 111 um nance

estimation unit 14% and the detection result obtained by the human
det ecti on umiommih2 casiphetsemsiag résuhﬂlgﬁtrhée@ubmetmecﬁﬁﬁwmaqm)taﬁ

ext er nal deV| eV he catjopn u o] t.he i m nance
and the detecﬁionnﬁgéul?g?%y%ﬁgngﬁgFgﬁe%Ehﬁ%gfignT%%§%%%ﬁ%%ﬁghée o%tput as
t he sensi ng aresupi:tmayibe2an anthariged wndttué2put padmbumivdthieor lunim nance

estimati it 14 may be val ue divided.step b step (level)
according gﬂ%hg aéﬁfgge nf?l%%ﬁﬁﬁﬁgé <56 68%1f&$E&y % is a diagram
schemat i cal I poai2l2ijust r ahkengngitt exainpla ahcllhaeeoshi gupat | iy iofe tieh
il lum nance estinmation nodel generation device 20. The illum nance

estimati on A5d& XGERerati 8h ﬁe@?%ﬁ?%ﬂ? i€ VaTe AP rﬂ%f??ﬁFFﬁQﬁﬁﬁﬁﬁQWg 8

devi ce such @mtanks ¢PeEseBAl £ LMUH &iper@fio2 BOr £BHI €1 CEMMKH LAt i on
terminal. As illustrated in the drawing, the illum nance estinmation node

generation EHEE 30N REPRHeSSRIFI AR deiCe220 ROodFRpI SRt Wit a

comuni gt i ofy Unithe5423p18y StRIATe Ul uwdds andidpCoptddtidiductd as
[0022] The input unit 21 includes an input device such as a keyboard or a

poi nting dew deoaid cuvptes dperkay aranconeadt dipptevyyetefrvin dinser at or of
the "'U"‘”gggqﬁ%%EhE@EbﬁannﬁﬁﬁxQﬁﬂﬁr t%%”1ﬂ§¥k88t?9n Qﬂ&PQjﬁpntr°| uni t

10 25. The play unit 22 includes a display device such as a liquid
crystal disgkayipénehlana5dlsﬁm@ySHM@ﬂU0@§lbﬂndSl©f23ni@rmation in response

to an |nstruct|on fr%gbk %n%gég %] fg dg cﬁggygn%éﬁgéégg&wEJ 23 is a

comuni cat i o |ﬁier ace det ac ably "connecte
15 the line N, and transmits and receives various kinds of

information to and from an external device (the image
sensor 10 or the like) via the line N.

[0023] The storage unit 24 is an auxiliary storage
device such as an HDD or an SSD and stores various programs

20 or setting information relevant to the control of the
illuminance estimation model generation device 20. The
setting information stored by the storage unit 24 includes
a basic model 241 which is a basis of generation of the
illuminance estimation model 131.

25 [0024] The basic model 241 is information generated
based on captured images photographed under a plurality of
subject conditions and imaging conditions at the time of
the photographing and serves a basis of the generation of
the illuminance estimation model 131. Here, examples of

30 the subject conditions include a space which is a subject
and a reflection ratio of an object. Examples of the
imaging conditions include an illuminance condition

indicating the illuminance of a subject space at the time



15 the line N, and transmts and receives various kinds of information to

and ‘from an external device (the inmage sensor 10 or the like) via the line
N. [0023] The storage unit 24 is an auxiliary storage device such as an HDD
or an SSD and stores various prograns 20 or setting information relevant to

the control of the illum nance estimati on nodel generation device 20. The
setting information stored by the storag unit 24 includes a basic nodel
241 which is a basis of generation of the illum nance estimation nodel 131.

25[ 0024] The i { Syl r i g based, o; red

i mges phot oég}?;tph%egﬂgﬁggrgé%hﬁ%rﬁc?t% %gﬁb?gg%ﬁ%g%ﬁi#o%solgnn Pltr?;gi ng
condi ti ons aeuile t(the ohagdesphotogrtapy fpecandkser gestiae blagis of thige
generati on ofhottherial lhlfw nance estimation nodel 131. Here, exanples of 30

t he subj ect RondF°5ns " Phcl ude a space which is a subject and a reflection
rati o of an [dy2eqt. Esaaplésceilyhecharbgisig coddilt 2éhsis ngd ke @l

illum nance condi 554% i d':L]E.ati n% the illum anﬁg of a sgb; ect space at the
time 9 of tHE Pl S‘?agﬂ' GHN B Caera paramet 8r8f an°Y¥eging devi ce
(the i mage sensed B9 ehahbendi ked Bl dntiealnicee cohdi Beoph otings e pdudrg.

[ 0025] Specifically, the pbasjc nodel 241 is generated 5 <éhrou h the
following p SPECEsPLGN Rl 2 ¢ 58y f8348°by 2h Jrﬁ;ﬁ?fg t he

i1lum nance gadiddias wades) eaghwHmdeltnepace owhbehahasia 6 4 ereyr subj ect
condition (reflection ratio) in which the color of a wall or a floor is

bl ack, whitels drlatke PFREES Nekttha Pidis: offethe 2OPREFUAf nERe under each

I11um ngpce. iclqnﬂiitniag%eogﬁéiagega&mrpllﬂgﬂnifﬂ&%c!e”%ghagti’-gg tiheadaud nance of the

captured i nmage phot ographed under the illum nance condition is generated as

a data val uehfrrugdachesiBpeeng cordli thonuriRaacet RE enerul ver Yhtidags ues of

the respectiye s agﬁfedcaﬂggya?é APy (16 Rt 1ed 190 8r CPor di Nata S ane and

a regression expression approxinmating a distribution of the data values is
gener at ed asg e dedsi vafpdefo24dadlorswacirts ¢onddéticondi Them. §18026] Her e,

FIG 5is a‘§g§g¥€%%5§%g%ga%gfgééybf the respective subject conditions

15 are plotted on a coordinate plane and a regression
expression approximating a distribution of the data values
is generated as the basic model 241 for each subject
condition.

[0026] Here, FIG. 5 is a diagram schematically

20 illustrating examples of the basic models 241 generated
through the above-described process. In the drawing, the
vertical axis represents the illuminance of a model space
and the horizontal axis represents the luminance of a
captured image. Graphs in the drawing correspond to the

25 Dbasic models 241. A basic model 24la is a regression
expression of a pair of the illuminance and the luminance
obtained from a model space with a reflection ratio lower
than that of a basic model 241b (for example, the basic
model 24la is a block model space and the basic model 241b

30 is a white model space). Thus, the basic models 241 (241a
and 241b) indicates relations between a plurality of
illuminances and the luminances of the captured images,

which are obtained when the model spaces are imaged



20 illustrating exanpl es of the basic nodels 241 generated through the
above-descri bed process. In the drawing, the vertical axis represents the
il lum nance of a nodel space and the horizontal axis represents the

| um nance of a captured image. Gaphs in the drawing correspond to the 25
basi ¢ nodel s 241. A basic nodel 241a is a regression expression of a pair
of the illum nance and the | um nance obtai ned froma nodel space with a
reflection ratio | ower than that of a basic nodel 241b (for exanple, the

basi ¢ nodel . N I : h i gggg! is a
white nDdelcééé é?g ?Hgs?f¥ﬁgggggfigﬁgléﬁggfﬁlﬁFgggaE%n ifﬁéﬁghggbates
rel ati ons betungertacphdialony, ofor ldagh mawgestandntiheidmm nances of the
captured i —-Whi ch._are obtai ned en the _nodel _spaces are inmaged 10
chang! ng t na T nadee BeRat (TS (Haes CRECRI Parl By or i ot

condi tions, Jtarcheach smbyectesosdi 10 s @11 Theénsodel es paeendyo Hee ai naged
may be a space in which the_inmage sensor 10 is actually installed or nay be
a 5 spac@ diFHR&CeRt IERORTE hfEOR paEE %ﬂﬁQFherFu£§hﬁﬁ'iﬁ%g?%g”H%VFEb i magi ng
the nodel spaGA%e tihaghABYEnS ERSDE] ldh e AN theBghBge de¥h€6r USH NG the sane
ki nd of inmage sensor as the imge sensor 10 is preferably used, but the

i nvention i SSTRGHLNG ARPéaSt RetRe otha a2 41 PRe O uAPASR cRST LA G U from

the captured J1RIGB%otheoPi X8hrd £¥8lH1 PUlsdd)e Bk eank 0i REeREH ried is not
particularly Ii'mted. For exanple, an average value or the like of the
| um nances ofott Hémgiteel §hedRsei tuting the captured i mage may be set as the

| um nangg of (ddigent i gli%?l?uﬁf‘ﬂéﬁ%@dié RO R teheh, chbecgverage alqe of

t he | um nances of spe ic areas In the captured 1 mage nay be set as the
| umi nance ofbyt Hédeeptikee tapelr dobt nuye.aqe@029] Fer thephpe@, 13 heol uni nance

Ty DS oM aBRST 2 08, el S8R0 L B 5, SoBA 54 o o
In this caseike pdi rthef lhlénahtewn s@ande anckels constituting the

captured image may be set as the luminance of the entire

15 captured image. Further, the average value of the
luminances of specific areas in the captured image may be
set as the luminance of the entire captured image.
[0029] Furthermore, the luminance may be acquired for
each of the pixels constituting the captured image or each

20 of a plurality of division areas divided from the captured
image. In this case, a pair of the illuminance and
luminance may be acquired for each of the pixel or the
division regions of which disposition positions are the
same in the captured image, and the regression expression

25 (the basic model 241) may be generated for each disposition
position in the captured image. Further, when the basic
model 241 is generated for each pixel or division area, the
basic model 241 is retained in correspondence with the
disposition position of the corresponding pixel or division

30 area.
{00301 In the above-described example, the example in
which the illuminance conditions are used among the imaging

conditions has been described. However, when the camera



)}

| um nance may be acquired for each of the pixel or the division regions of
whi ¢h di sposition positions are the same in the captured i mage, and the
regressi on expression 25(the basic nodel 241) nmay be generated for each

di sposition position in the captured i mage. Further, when the basic nodel
241 is generated for each pixel or division area, the basic nodel 241 is
retained in correspondence with the dispbsition position of the
correspondi ng pi xel or division 30area. [0030]1n the above-descri bed

exanpl e, th a%algreggalsgﬁmﬁe Jdigy, | dpumonaneencaadi 54 ong, A&y wsed among the

i magi ng condi tions een escrlbed However, when the canera 11
par anet er s aheecienclrudeds c¢mp¢n§ntﬁ modebe2 gentoped %y Q¢Wh¥@uﬂg rers

component s ay, ¢ ;ggngraled by compicning 8achCoNdhLLON Al et i B of

changi ng t he Caners arane er exanpl e’ a ue releva o exposure
correction gu@hpae aa5vshuetfﬁ1exxnﬂbth@ﬂpoeheepaorreﬁtidnasuﬂm ect a

conditio the i1l um, panc ndi ti.on ri bed.above. 031 Referrlng
back to Igl ZtlttteﬁeSESﬁ?ponﬁh 1iqlezg""hlars f%ﬁ‘ﬁpﬁ?&e%%nﬁr&{ﬁ n] F08f a CPU,
a ROM a RAMheandluhenhhke ¢oederoin whisehiaea bbbustr at ed) and general |y
controls 10 a process _of the illum nance estlnaklon node] ene;g %gn devi ce

20 in cooperl&33dA wi t ReASHFbYT FASE dred i fhet BFtite fit 24.

Further, the conblekruRbhr2§uidcidides a hasi cannde] gemaiatdmg tweit 251, a
ref erence i mage acquiring unit 252, a reference il | uni nance ach|r|ng 15

unit 253, antike URPRENEE e@%??m&¥%ni%ﬁﬁﬁ9ra§§ﬁér3P?n%e%ﬁﬁ%l%¥ﬂFoQ%ﬂ9 &n

i 11 um napgce ae%tr‘o@érs' ogsmpgel 1§ﬁ§1ﬁir§%é@'etst%§1§t§§nf HOGL1 o ettt T N
cooperation with a programstored in the ROM or the storage unit 24,

[ 0032] The balsivdi asodél igefierpefaigiamititic e garerarestehed 200 dbvv&Hescri bed
basi ¢ model g,,24], b@%%gagg LA, capt urgd 4 e%h@beaheeglvmm the nodel

spaces are |nage changrng the 1 magi ng conditions | um nance conditions)
under the pliurclvidep efbeabrem@deinuhnanaﬂ;ngaunetlééi»o@ reftdxerared t he

like), and then r%%%h?§l%geu99€'fBi”“kﬂféé%%%nEQ ET?uﬁEﬁgéggaacquiring

15 unit 253, an illuminance estimation model generating unit
254, and an illuminance estimation model setting unit 255
as functional units in cooperation with a program stored in
the ROM or the storage unit 24.
[0032] The basic model generating unit 251 generates.the

20 above-described basic models 241 based on the captured
images obtained when the model spaces are imaged changing
the imaging conditions (illuminance conditions) under the
plurality of subject conditions (a reflection ratio and the
like), and then retains the basic models 241 in the storage

25 unit 24. Further, when the basic models 241 are stored in
advance in the storage unit 24, the basic model generating
unit 251 is not necessary. Therefore, the basic model
generating unit 251 may be excluded from the illuminance
estimation model generation device 20.

30 [0033] The reference image acquiring unit 252 acquires
the captured image photographed by the setting target
sensor from the image sensor 10 (hereinafter, referred to

as a setting target sensor), which is a setting target of



25 unit 24. Further, when the basic nodels 241 are stored in advance in the
storage unit 24, the basic nodel generating unit 251 is not necessary.
Therefore, the basic nodel generating unit 251 may be excluded fromthe

i I lum nance estimation nodel generation device 20. 30[ 0033] The reference

i mage acquiring unit 252 acquires the captured i mage photographed by the
setting target sensor fromthe i mage sendor 10 (hereinafter, referred to as
a setting target sensor), which is a setting target of 12 the illum nance
estimation el. Yol-Nl| . r Mhen mage
sensor 10 i{ﬁl?‘%stlrlétéé gﬁc% g{]g{%l%gletn{ggg% %g?se%%?%gietefaer get selﬁ% r, the
ref erence irmgeeaenppﬂmnghemlthézaznmaqusiemssrt he chpmsutmj:edmlge F3leot @graphed
5 by the inmage senso Olnthe asaref rence.im rther t he
peri pher al %’w r%nmsnF%sta [3SNER aerqae%qw & |()ng F Ienfgejf) rﬂi%e " &fer ence

i mge or at atdaleua(iqgl anttomz|aifequzs:e'sotth|aatbptukadl yma ¢ em et o dauap hichle

reference image_i s preferabl cquire rr the 10 environnent condition
serving ds &Y &&r eM@8Cof SRRRT a}qq g’r? éFFnﬁ?l %nre%fﬁrreélcet & %Efvi r onment

condi tion senitchgrasthbepeef sierce afvitemnehkustaaace: esid mation refers to,
for exanple, a state in which all of the Ilghtlngg%an}?s (for exanpl e, the
e®

lighting deAS&< 536198 FHILRY rat 6d'S FHEFESNSS oF fod™S n whi ch the

i mage sensoryciiss ¢ Bat @Lﬂn@dlélrﬁoﬂ waed QN aeflyaishated) nwhiwh all of the
Ilghtlng | anps are turned off at a predeterm ned clock (for exanple, 12

o' cl ock). [OGI4reheer énagente Preisnatdiicécaedurei wademi §he53 20 acquires,

as 1 ef efaNCe, iy U BARCEonitk | U NANGE TPASULEd i LDh e 20 iyRagi ng range of
the setting target sensor when the reference image is captured (acquired).

Here, a net hddmlna@qrau eshgm@hieomef diagifoe thel gpvhapeeens etdigarmi cul arl y
limted. For, exampl %»g LLEgpinance: (hef %?ﬂﬁ?nﬁcé'%é‘ﬂxﬁ?&?{lat.the

ti me of capturn ng referénce i nage may be acquired from an um nance
system i nst adelf@dfsvmtbhl ﬁothexamg@nga rSaWQ@ ofh whéckedtl ngtf t@rget sensor via

(he comin caLLan UL 23 06 LNE LR, B heGachh ALl parpe measured a

15 illustrated in FIG. 2) of the indoor in which the image
sensor 10 1s installed are turned on or a state in which
all of the lighting lamps are turned off at a predetermined
clock (for example, 12 o'clock).

[0034] The reference illuminance acquiring unit 253

20 acquires, as reference illuminance, illuminance measured
within an imaging range of the setting target sensor when
the reference image is captured (acquired). Here, a method
of acquiring the reference illuminance is not particularly
limited. For example, the illuminance (reference

25 illuminance) at the time of capturing the reference image
may be acquired from an illuminance system installed within
the imaging range of the setting target sensor via the
communication unit 23 or the like. Further, the
illuminance measured at the time of capturing the reference

30 image may be separately stored and the stored illuminance
may be acquired as the reference illuminance via the input
unit 21 or the communication unit 23. Furthermore, when

the environments of an imaging target are the same between



30 image may be separately stored and the stored illum nance may be
acquired as the reference illum nance via the input unit 21 or the
comuni cation unit 23. Furthernore, when the environnents of an inaging
target are the sane between 13 the plurality of setting target sensors,

one reference illum nance may be shared. [0035] The nmeasurenent position of
the illum nance within the inmaging range3of the setting target sensor is 5
not particularly limted. For exanple, the illum nance nay be neasured at a

representati it sueh - itian _di |y I jJmage sensor
10. Furt her ,t\f}%h«%q?rrkgr?ngﬁaﬁﬁe%@%al?%g%éyggursghggggé %{Pﬁr%%ét%%o%e posi tions
wi t hi n the iitdgimiganargeannck sshanest.age val ue or the like 10 of the

i 11 um b d. [0036] The il umi, ti mption nodel ti
i ¢ 254 gendiaEds hBTT] T RAED oA at CanC Rt 15LT O T setting

target sensorithasedhenihbeib@astangodes t24lsstaind targde sdryagasunit 24,
the reference i mage . ac uiLed pby. the 15 reference inmage acquiring unit 252,
and the ref Fen&@ L FHAPRAACE SCRA T ed By SEREPL&f eF BNckl +1 14 dey
acquiring umd mea3urk@03¥] Speshdd Laldativehgokh kushnance @astd pidian orodel
generating unit 254 acquires the |lum nance _(hereinafter, 20 referred to as
reference | (HGF&YdY) PRI Hhe 14T S50 Fnede ahdr befer dtes a reference

data val ue Qﬂl&?ﬂihiaﬁgetshﬁa¥eé@rn%%ﬂéﬁﬁaﬁaﬁcﬁl@ﬁglibﬁ SPrg&esnpangdisng _
reference illum nance. Further, the illum nance estinmati on nodel generating
unit 254 gerrtdties taf IPRERIHarR eSIdman 6iersIfpdRl e 3ar tHhf ddtieng t he

rel ati ofgof Jdéepd liunpance-and dhed wrgance by performng |inear
interpolation on the generated reference data val ue based on the basic

nmodel s 241. [Q@338] For Terahpl enindrere tasd ibasiionnodeées @erie (Mitey amd t30 241b)
i1 Tustrated juy FlG. 2.aLe ysed apd the r%fs%ﬁﬁ.@%‘fog% G YAl ug Tadi gaLing the
pair of the Tef erencé 1 uni nance and the reference Tunt nance Ts 1ocated at
t he positiorseRt(ingr ¢emgét esensef drased! toa abeabrefierendel dadla stalreel P) in
in the storage unit 24, the reference image acquired by the
15 reference image acquiring unit 252, and the reference
illuminance acquired by the reference illuminance acquiring
unit 253.
[0037] Specifically, the illuminance estimation model
generating unit 254 acquires the luminance (hereinafter,
20 referred to as reference luminance) from the reference
image and generates a reference data value by pairing the
reference luminance and the corresponding reference
illuminance. Further, the illuminance estimation model
generating unit 254 generates an illuminance estimation
25 model 131 indicating the relation of the illuminance and

the luminance by performing linear interpolation on the

generated reference data value based on the basic models

241.

[0038] For example, when the basic models 241 (24la and
30 241b) illustrated in FIG. 5 are used and the reference data

value indicating the pair of the reference illuminance and

the reference luminance is located at the position P

(hereinafter, referred to as a reference data value P) in



14 the drawing, the illum nance estimation nodel generating unit 254

cal ¢ulates a difference ratio (corresponding to "a : 1 - a" in the draw ng)
bet ween the | um nances of the basic nodels 241a and 241b in the illum nance
of the 5 reference data value P with reference to the |um nance of the
reference data value P. The illum nance estimati on nodel generating unit
254 generates the illum nance estinmati ond nodel 131 illustrated in FIG 5 by
perform ng linear interpolation on the reference data value P between 10

the basic &l ara&tlﬁg?pﬁgﬁlﬁmAa%créa'e@tt%awgntIngdecﬁl&éﬁ@taecq g fference

rati o. [0039] Thus um nance estimation nodel generation device 20
gener at es t haiitl PG nahcel@ses matdidifersdele r3ticusconieswbridimaedoh setting

target sensqr by changln A5, mel e nt er I tion
usi ng the basi ¢ nDder ﬁﬂl baserWl h%gre gge%gg %a é%%ées Ofg;%'al%ned for

each settln@ab&tgmbd&éas@ﬁlﬁ|mmgeDSanmrth@)llEumihemcesimdﬂuihe gener at ed
il lum napce £3 |nat|o roper for t nstal | ation e V|ronnent
(i gl ng 20 "N FBRROREI Tor=LF § MgE: SRIEEPAT8, Lo nehachib Aty ot °

i I 1'um nance et irgbireAck Nddte vamge mengeke 101aANnbecé rqmol\»mtmh set ting
the illum nance estimation nodel 131 in the cogégsg dlng mage sensor 10.

[ 0040] As dedaededeRAB69E1 Y N Ex i dRMEL AhEEN S n which the

i 1'lum nance &stimRtbanmsadel 13481 iuganekat ed From oney referancegdata val ue
(the reference illum nance and the reference | um nance but the invention

is not |im HedoPRerB8t8IPEORtEAMI &nen TSiEGranFeydata r &t bie i PFaesval ues

may be g@ner@;ee@agxcaﬁeaéig ngsihen30 Jahernanee hbhyeldaneescand the
reference |um nances at different periods of tine (daytine, nighttine, and

the Iike) armdloméaiteHudihbmeenestiatdtd-on nodel 131 nay be generated based
on the rEferﬁUU%%]dataTMQEye§h@nglfdﬁiﬁﬁﬁ%ecestimation model generation

device 20 generates the illuminance estimation model 131
customized for each setting target sensor by changing a

15 weight through the linear interpolation using the basic
models 241 based on the reference data value obtained for
each setting target sensor (image sensor 10). Further,
since the generated illuminance estimation model 131 is
proper for the installation environment (imaging

20 environment) of the image sensor 10, the accuracy of the
illuminance estimation in the image sensor 10 can be
improved by setting the illuminance estimation model 131 in
the corresponding image sensor 10.
t0040] As described above, the example has been

25 described in.which the illuminance estimation model 131 is
generated from one reference data value (the reference
illuminance and the reference luminance), but the invention
is not limited thereto. For example, a plurality of
reference data values may be generated by acquiring the

30 reference illuminances and the reference luminances at
different periods of time (daytime, nighttime, and the
like) and the illuminance estimation model 131 may be

generated based on the reference data values and the basic



15 nodel s 241. Further, when three or nore basic nodels 241 wth different
subject conditions (reflection ratios) are present, the illum nance
estimation nodel 131 custom zed for the setting target sensor can be
generated by 5 generating the illum nance estimation nodel 131 using two
basi ¢ nodel s 241 including | um nance of the reference data val ue under the
sanme illum nance condition. [0041] When 1%he basic nodel 241 is present for
each of the pixels or the division areas constituting the captured 10

mege. the Lumgance;is Acgulred from.eaeh gf phe. corseshondhng ghxel s or

the divisiof regions in erence i mage an unlnance estinmation
nodel 131 |$1QEneﬁaEedeMS|$mpjdutlﬁundltaodel 2éile®tnaspandwwg amethe

di sposition p05|t|on of each of the pixels.or th V. ion . 15 .ar

B her | oneReRRbty T E S ot A ReRath, gt T e 2585
generates t o r kthdnssanteg esdtdqadt isemsrdebnlBa @emeﬁ@m&jaﬁzthe pi xel s or
the division areas, each illum nance estimati on g?L 31 |s nerated by

causi ng P he JemFaATARACE B st HEF AR SR FSIE1T311PE BY &"Phe

di sposi ti on skt hneRe0f the pixeldioly theidbntsi n emearé@r_v&noeh dahe
illum nance estimation nodel 131 is applied. [Q042] Referring back to FIG
4, the il ueddficBREst| Hat | AN HOdeI e SPNCRg CARAL T 285 sets the il | umi nance

25 estimati opgaggel 1§ﬂehntﬂé1%§sqté i changet 1§e19§9§e1b6’ tdansEt bigng the
i1 lum nance estlnatlon nodel 131 generated by the illum nance estimation

nodel gener dtiengigrile 054the dhd slan iargasacgestsbnsotg ike tdeptured
CO”"“”'Eﬁt'qgﬁﬁg'ttﬁ%3§u 154.08d ngs the ik lumengpce, estdgmtion model 131 in

t he storage uni t the setting target sensor. Wien the disposition
posi tion toasrirespphding| pikebhoe ddid whrvighonpdediady is tdpl i ed can

correspond Lo Ahe. Ll Wil 08NGS S BN pTRAE! o 43 na L1, 1ddaut HaRCE

esti mation moael |ng uni t sach genera um nance
estimati on redelratad uelh@etbmnbasuptmmd@et2§ensorr@yp¢m¢wmgnﬂdiUM§ each
il lum nance stlna ion node] . 131 %o t he nsoy. qether W th

i nformation Hﬁ?9§é TRY PR ot Epoyl (B 6%§E%|o l?% %%f% t %gﬁsllunlnance
esti mat pgn models.13Fuirshappl wiesh airk sitiaiimigagashe st imdi nanee eyt i mati on

nodel 131 in the storage. unit 13.

generating unit 254 generates the illuminance estimation
model 131 for each of the pixels or the division areas,
each illuminance estimation model 131 is generated by
causing the illuminance estimation model 131 to correspond

20 to the disposition position of the pixel or the division
area to which the illuminance estimation model 131 is
applied.
[0042] Referring back to FIG. 4, the illuminance
estimation model setting unit 255 sets the illuminance

25 estimation model 131 in the setting target sensor by
transmitting the illuminance estimation model 131 generated
by the illuminance estimation model generating unit 254 to
the setting target sensor via the communication unit 23 and
storing the illuminance estimation model 131 in the storage

30 unit 13 of the setting target sensor. When the disposition
position to which the illuminance estimation model 131 is

applied can correspond to the illuminance estimation model

131, the illuminance estimation model setting unit 255 sets



 [0043] Hereinafter, an illum nance estimation nodel generation process

perf'ormed by the above-described 10 illum nance estinmati on nodel generation
device 20 will be described. FIG 6 is a flowhart illustrating an exanple
of the illum nance estimation nodel generation process. As the supposition

of this process, the captured i mages phot ographed by changi ng the

il lum nance conditions are 15 captured ié advance under the plurality of
subj ect conditions (reflection ratio) and the basic nodel generating unit
251 generat h I | S . a ; .140Q44]Eirst, in step
S11, the ba§%€%n§8§?§%g%%?% ﬂ%ﬁgg%m%nggqég%t%gﬁgggﬁiﬁfH%'ggéfgennde
generati on peatésg vhrgenesaisag yherbasingthbdel sa@4 1l 1 Herigianaft er, t he
basi ¢ nodel neration proce i1l _be described with reference.tao FIG 7.
(00451 FIG F5eaTa Lt POWERATE 111 Ut A8 G En X HBTE: GTo5 1 RO SBALEE model
gener ati on prieeessfobnision thedhasiiagmael dgepes atisng pod it idml tacqui res the
captured i mages. phot ogr aphed by changing the il|um nance canditions under
the plurali t9i6h §0Bj LtURLRRAGS Sid? éFPECPPSﬁlr%f}cﬁS(%ﬁ3ﬁ3e§1ff%
Subsequent | wtotrhagbasts DOghi @aney alsicngauibh B8a2bligenel afres the pair of
the illum nance under each illum nance condition and the |um nance of the
capt ured inﬁg@rﬁﬁétégféphéd under this illumnance condition as data val ues
for each subjpealbjconditionn{#efd ecli AN 1LALhQhcé SEEPimddi o3l kel 0046] Next,

when the data values of each subject
generation process performed by the above-described

10 illuminance estimation model generation device 20 will be
described. FIG. 6 is a flowchart illustrating an example
of the illuminance estimation model generation process. As
the supposition of this process, the captured images
photographed by changing the illuminance conditions are

15 captured in advance under the plurality of subject
conditions (reflection ratic) and the basic model
generating unit 251 generates the basic models 241 based on
such data.

[0044] First, in step S11, the basic model generating

20 unit 251 performs the basic model generation process of
generating the basic models 241. Hereinafter, the basic
model generation process will be described with reference
to FIG. 7.

[0045] FIG. 7 is a flowchart illustrating an example of

25 the basic model generation process. First, the basic model
generating unit 251 acquires the captured images
photographed by changing the illuminance conditions under
the plurality of subject conditions (reflection ratio)
(step S111). Subsequently, the basic model generating unit

30 251 generates the pair of the illuminance under each
illuminance condition and the luminance of the captured
image photographed under this illuminance condition as data

values for each subject condition (reflection ratio) (step



condition generated in step S112 are plotted on a coordi nate plane, the
basi'’c nodel generating unit 251 5 cal cul ates the regressi on expression
approximating the distribution of the data val ues for each subject
condition (reflection ratio) and generates the regressi on expression as the
basi ¢ nodel 241 (step S113). Then, the basic nodel generating unit 251
stores the basic nodels 241 generated 107in step S113 in the storage unit
24 (step S114), and the process proceeds to step S12 of FIG 6. [0047] The
basi c nndel%lﬁg}.generated inthis way indicate a relation between the

il lum nance of a space under the subject conditions and the | um nance of

t he 15 capt udéd 6il mageNefur twieen thve dedsi vadodel sf2ddclappiidcati e t o vari ous
environnent%d%%gtbengegeéggquQMls%%;igqla g&gfeiepgg ig Qpe reflection
rati o serving as the gu%jec tontitionto be refalve yITarge, such as
white and blackdih@d48pRefier ritng deadk modellGgeferdhieng efrerteriisd | mage 20
acquiring uniH_Z?Z acqg%res t he captured ina%e ghotqgra hed the setting
target sensd? &S EHESr EFer BRI Tade FELES °812) PRESH " S 6% ence

i Il um nance @cgibulgonbt 253 RCIiV=asiekheorl bE8h NamsHe MEasdH@d iwnt hi n t he
i magi ng range of the setting target sensor as the reference illum nance, 25
when the ref &FEAEETTRAGEAFHO St B IPPGTE T ESpTliF el P AT PR 63 °813) .

[ 0049] Subsequentlkybathe hbdamm nance ey ismation mede] aenesalidiemddrit 254
generates the reference data values fromthe pair of the reference

i |1 um nance B¢ rehéngour st of thcd 94uff tafcL2gdquinred § rohh tIRS e ence

| mage (s$hep ;$lakepNeXia 1hechd | WBNANACRIGS! bIRYLEB, MOULL) geng( alieng unit
254 generates the'illum nance estimati on nodel 131 by plotting the
ref erence datr®ogabupsogends atedtiap & oS14I16n 618 the coordi nate pl ane of

the basic mogpl,s ;241 %BQrkﬁQsié‘ hdie 1 %régtg e\'l’}g%gtgé ?Hgtd&f(;sfhft ing the

| i near interpolation on the reference ues bas e basi c nodel s
241 (step Si5)Xicsite0B0iSubsequdritivgert tdei Lldminhaacee est i aretdag® nodel
setting uniHHQGQ %ggssthe iIIunnyqpce estijmation nmodel 131 iqrghe setting

| e

target sensor by transH????%du?hé‘ rPhsnc8 estTHATISh To 131

gener at ed i rcagitere8limbget heFsetidng thar petsisensdel antid stasp ngaitle
H Iumnanceto various environments can be generated by setting a
difference in the reflection ratio serving as the subject
condition to be relatively large, such as white and black.
[0048] Referring back to FIG. 6, the reference image
20 acquiring unit 252 acquires the captured image photographed
‘by the setting target sensor as the reference image (step
S12). Then, the reference illuminance acquiring unit 253
acquires the illuminance measured within the imaging range
of the setting target sensor as the reference illuminance,
25 when the reference image in step S12 is captured (acguired)
(step S13).
[0049] Subsequently, the illuminance estimation model
generating unit 254 generates the reference data values
from the pair of the reference illuminance and the
30 reference luminance acquired from the reference image (step
S14). Next, the illuminance estimation model generating
unit 254 generates the illuminance estimation model 131 by

plotting the reference data values generated in step S14 on



10 estimation nodel 131 in the storage unit 13 of the setting target sensor
(stép S16). [0051]In subsequent step S17, the control unit 25 determ nes
whet her anot her inage sensor 10 as the setting target sensor is present
(step S17). Wien it is determ ned 15 that another inage sensor 10 as the
setting target sensor is present (Yes in step S17), the inmage sensor 10 is
set as the setting target sensor and th&g8process returns to step S12 again.
Thus, the processes of steps S12 to S16 are perforned on the new setting

target sensqlye 23L0092LERNYELSEIgr eI d Boflgl 8 BhDeh Lk PpLep RET T hal

t he ot her i mage sensor e setting target sensor 1S not present (No
in step Sl7)stdrhkicge pnatess emdspeﬁﬂﬁﬁﬁﬂdq1tmhlslpeecessterpmﬂdnmnn:omndel

generation process has been erf as art of the i m ce 25

esti mation el™S Sﬁgpﬁ?igﬁt%rd%‘§§sqﬁﬁﬁﬁ€ t%ﬁeL??ﬁ$rEféﬁ r]*n t he basic
nodel genera&hﬁ@ gregess is perfornmed is not particularly limted. However,
the basi¢c no eneratjon process _ erfornmed at anot her ng as a
process gnde éﬁ@ nt f?Bh??ﬂ%e?¥}%ﬂﬂﬂ§¥dgﬁé§FPﬁﬁFFoﬁsﬁbﬂ%Tl%@Iﬁﬁ%ﬁratlon
process. [ 00&4ltlimgt hins tepbodieentshasi desthabed abevRatide mdddimiance

estimation nodel 131 proper for the environnent of the inage sensor 10 can
be gener at ed oy NSefEEFAMBEgtRREet 1PN &Y itFREPPOFAEPBNtH the reference

data val ues jundgfi nbheel 8§E%£@Iér@ﬁncﬁﬁ& nenmeRheehtbheih SEnsel, 10 using
the basic nodels 241, and then can be set in the correspondi ng i nage sensor

10. Thus, trrélea@@ﬁrta@y 6RTERE $ENIMM AT SBTESY FBEI bhlWRLRARCY mage sensor
10 can hg %ﬂ\ﬁ%@loﬁufn&%i 151 NG %y angfé@en%m% F—‘§tbffa&hé3"sef&q%' 131 can

be set in each inage sensor 10 easi efficlent conveni ence rel evant
t 0 adj ust nertanyfett senspugéssemsdc)10 can be i nproved.

[0051] In subsequent step $17, the control unit 25
determines whether another image sensor 10 as the setting
target sensor is present (step S17). When it is determined

15 that another image sensor 10 as the setting target sensor
is present (Yes in step S17), the image sensor 10 is set as
the setting target sensor and the process returns to step
S12 again. Thus, the processes of steps Sl2 to 'S16 are
performed on the new setting target sensor.

20 [0052] Conversely, when it is determined in step S17
that the other image sensor 10 as the setting target sensor
is not present (No in step S17), this process ends.

[0053] In this process, the basic model generation
process has been performed as a part of the illuminance

25 estimation model generation process. However, the timing
at which the basic model generation process is performed is
not particularly limited. However, the basic model
generation process may be performed at another timing as a
process independent from the illuminance estimation model

30 generation process.

[0054] In this embodiment, as described above, the
illuminance estimation model 131 proper for the environment

of the image sensor 10 can be generated by performing the



10[ 0055] The above-described first enbodi nent has been suggested as an
exanpl e, and thus the scope of the invention is not intended as limting.
The above-described first enbodi nent may be achieved in various other ways,
and om ssions, substitutions, changes, additions, or the like 15 may be
variously made within the scope of the invention w thout departing fromthe
gist of the invention. Further, the above-described enbodi nent or the

nodi fications are included in the scope or the gist of the invention and

are include é]ngotrh?n‘%gﬁé{;é{?ﬁ{‘éns&? g reéf'%?:e‘m@%egéké’”vg eCJ' %%hrz%' n the

clainms. [00 I éxa t he above-descri enbo
tur n-on/ t ur n-ogftkldkttihe enghteomgedtanps tdfe umagbndeosorrﬂQWusﬂnqIuba mage

sensor 10 is installed i ot rt.icul arl wever for .examnpl e,
in the iIIu%?ﬁ%ﬁb@oggggs?ﬁﬂat?ﬁﬁ'?Rﬁﬁﬂcﬁﬁe%grSFloﬁn ?c%?%ﬁ?SRQ? P& erence
i mage acqui rin@euBiehs32210¢ thﬁu§ﬁﬁﬁﬂeﬂubawrbbgnbﬁaﬂﬁ@ acnuhirargeauni t 253
may be configured to control ON (turn-o (tfurn-off f the li hting
| anps, odt pfSWARGESD oF ERe HPRee iﬁﬂﬁ?%l% scéBnFth?%f?%ﬂ$1s dgﬁﬁl fror
exanpl e, the:i3Qd ltheminaneenohcd hes d inghtiiong rdeui ces1 38ak 30a d 36f )
illustrated in FIG 2 is controlled based on _a predeterm ned

t ur n-on/ t ur It3GHY 1pgceerRNaRE tHheS3 T uniarahed TeStPRatY onCoREEHPSE | s

gener at ed b%q%v%tt he LeheLencs: 20 ﬂwg%a%@dsghgotli@l%mw obt ai ned
under the lighting [anps. [0057] Here, when the lighting device 30a is

turned on arfBWyAVee -l ighting devices 30 illustrated in FIG 2 and the other
| i ght i ngodeviggs ;30b tI‘Qe3Qf)|9I9é-edéé%ﬂ%cpfffrrstthgmbg@gﬁeg’t SeNs ek acquires

a captured inmage’in which e periphery of the lighting device 30a is
brightly |igvammstas Bkl ast eatmplen FGEMS [thet AFrspease, tmme i I'lum nance

estimation model .genetating unil, £o4 SSD%' 183 4an Ahga (i1d “cat &4 ar ea)
illum nated %) Fhe Plgﬁtlng eV|ce(§d% "From’a | unt nance dy; utlon
of the CaptLﬁKﬂtu @m@ed@ﬁent may be achieved in various other ways, and
omissions, substitutions, changes, additions, or the like
15 may be variously made within the scope of the invention
without departing from the gist of the invention. Further,
the above-described embodiment or the modifications are
included in the scope or the gist of the invention and are
included in the equivalent scope of the invention described
20 in the claims.
[0056] For example, in the above-described embodiment,
the turn-on/turn-off of the lighting lamps of the indoor in
which the image sensor 10 is installed is not particularly
limited. However, for example, in the illuminance
25 estimation model generation device 20, the reference image
acquiring unit 252 or the reference illuminance acquiring
unit 253 may be configured to control ON (turn-on)/OFF
(turn-off) of the lighting lamps, output values, or the
like. When this configuration is used, for example, the
30 illuminance of the lighting devices 30 (30a to 30f)
illustrated in FIG. 2 is controlled based on a
predetermined turn-on/turn-off pattern and the illuminance

estimation model 131 is generated based on the reference



FIG 8 acquired as the reference i mage and acquires the |lum nance fromthe
illdmnated area. In this case, the reference illum nance acquired by the
reference illum nance acquiring unit 253 is preferably acquired fromthe
inside 15 of the area illumnated by the lighting device 30a. [0058]Wen
the illum nance estimation nodel generating unit 254 generates the

il lum nance estimation nodel 131 for theoillum nated area of each of the

|l i ghting devices 30a to 30f, the illum nance estination nodel setting unit

255 sets 20 {1, d LLumaance, eatlmdd o gy hihebncf0e; | gnomansgls 10 by

transmtti ng € generate um nance estimation no e |1 mage
sensor 10 togEt3vdar w tHlrenf ehemt tron 1 ighitcaoi nlgvuhe aDsstmmmdpcm tion

(illumnated area).to.which this illu ance Lon

appl i ed and ¥ &Hen l?hglf‘glﬁ?ﬁln%enscergogsﬁqq 5 % ‘l K Oﬁe St or age
unit 13. ThetHdwminancagesevpats a3omtd 3D¢1aafe thEnedagﬂf,setrmrmH@;e
ach|res t he |Ilun1 ance of each illum pated area jncluded in the captured

i mge ph togﬁ%ﬂﬁﬁﬁj yaFﬁBl§ﬁBj%c?aQﬁﬂﬁ TRgcedli HALER the FT1UHSfance of

each illum nat athe30 igheanyshagitdesdd liynpranee19stigpté@n a@del 131
correspondin%'to the illum nated area. [0059] As descri bed above, at |east

one capt ur edtd e AeE ePehtE: |f?ragelﬁn|t§“1r"?e€é‘§§ar§thlHldfé:‘rni”bcegenerate t he

21 111 um nancs: eatd;mRt &neeemvgshegétlmgﬁ%\terza4\N@9@c@f9@§n&e PELUrs in the
area (space) inmaged by the ifage sensor for exagg e, when the | ayout of

an office is Jclrﬂaﬁglé@tefjhérPﬁhg%hbuWéﬁﬂetd @méhﬁeélls Mg ey R e Sensor 10

s 5 di flfoereg orl rﬁomu&maaesva@gérimaw I @3Ulthe Iaggéigaemég@eaff reference
image is preferably acquired and the illum nance estination nodel 131 is -

preferably geifer & edangaed. af 0060] Aetoradiarglipagehendes edehees i Huge
acqui ring uri]&mljhoan%%z f‘%fomt teﬁe iiié%ﬂ\r el ecﬁtelar.mt 'Iﬂn}:ﬂ?g(%a ne{k?é' on device

20 retains the previously acquir eference 1 mage each i mage sensor 10
and acqui resrefamwapﬂaumdnanageactq@m@hdy itinegeegensnee 101 himimance

predeterm ned ti.n.n fo nme cl ock the cl ock at 4 whi ch t he
previ ous ref%ﬁ?ﬁﬁﬁ%ﬁ%Sgl gg%?”? %égaxNﬁﬁguérg aﬁﬁ%mlgh?he’ﬁayout is
detected5fromfetﬁhfénﬁbeﬂaeuhehmeeﬂ mmnﬂha m&g&s;n@heevhtunB@ance estimation

nodel 131 of the inmage._sensor be autonati call at ed acquirin
The new capt EE ] maoimat 2RE 10 TRtrae hataagarn Torel e et e | O

unit 254 generates the illuminance estimation model 131 for
the illuminated area of each of the lighting devices 30a to
30f, the illuminance estimation model setting unit 255 sets

20 the illuminance estimation model 131 in the image sensor 10
by transmitting the generated illuminance estimation model
131 to the image sensor 10 together with information
indicating the disposition position (illuminated area) to
which this illuminance estimation model 131 is applied and

25 storing the illuminance estimation model 131 in the storage
unit 13. The illuminance estimation unit 141 of the image
sensor 10 acquires the illuminance of each illuminated area
included in the captured image photographed by the subject
device and estimates the illuminance of each illuminated

30 area using the illuminance estimation model 131
corresponding to the illuminated area.
[0059] As described above, at least one captured image

(reference image) is necessary in order to generate the



20 previous illum nance value may be used as the illum nance value or a new
illum nance val ue may be acquired. Further, a nethod of detecting the
change in the layout is not particularly limted. For exanple, the edge of
an object included in an image nmay be detected according to a known 25
technol ogy and the change in the |ayout may be detected dependi ng on

whet her a difference between the edge positions in both inages is equal to
or greater than a predeternined threshol d value. [0061]In order to acquire

the referencq,ifRge, a8 Sialhf 3% St hB1WNi 60,00 rOviNG, hody,sueh as

people is not present in an area (s pace) t0 be I maged IS prefera Ie
AccprdlnglycmmhesrehetbﬂcaremngaxaequumaggduhyttQéZlmﬁgQtﬁﬁnSdnuhOnance
estimation deI en ratlon d vi ce 20tn%¥ g%qu%%e t he ﬁ%@ac%%%ur%% i mge

phot ogr aphed 4"n “4"per Fod” P WA PSS §7af8 Aot B es® e Tef er ence

i mge based;mmghhg Seﬂﬁlﬂgbbfﬁiﬂ@dGﬂkmuthbyimhgelQGQQOBEHBGB 10. Further,
when a t éégpr exa ear | nnrning, ni.ghttlmel ﬁ k%% i_n 5 which
peopl e are At plre Fﬂ?n%??l % et eridned, TR Yef

acqui ring unidw 2%2e28dcthemid er€nae fidraviynangei agquind Nghaini t 253 may
automatical ly acquire the reference image and the_ illum nance at this time
in cooperatHdﬁlﬁﬂpﬁnﬁet?ﬁ%+m%%V?b€m6¢ltﬂgllFﬁeprﬁéfﬁ%%Bﬁdg HFSHSent |

[0062] Next, g s¢cond enbodi nent will be described. In the second

enbodi nment, a conflguratlon wi |l be described in which various functions
are added tdQX%é] i mgBcserndbrohy déscrrictedenact Heage ratIehbiotd et t o

| mprove jphe 23552 Il lﬂ%”%@?&nﬂ%r@&é | ARG bhoRodd Deg SADE: £ BIRG@ NUNer al S
are given to the sane configuration as the configuration described above in

the first erdfodierenns &hd pheviesthy pdavd rederederente hmgshdaregeghed.
[0063] FI G %H&%easgkgggaﬂbSQH?WR&L%ﬂkkyai5%%5E5§£L98d image from each

image sensor 10 at a predetermined timing (for example, the
same clock as the clock at which the previous reference

15 image is acquired). When a change in the layout is
detected from a difference between both images, the
illuminance estimation model 131 of the image sensor 10 may
be automatically updated by acquiring the new captured
image as the reference image again. In this case, the

20 previous illuminance value may be used as the illuminance
value or a new illuminance value may be acquired. Further,
a method of detecting the change in the layout is not '
particularly limited. For example, the edge of an object
included in an image may be detected according to a known

25 technology and the change in the layout may be detected
depending on whether a difference between the edge
positions in both images is equal to or greater than a
predetermined threshold value.
[0061] In order to acquire the reference image, a static

30 state in which no moving body such as people is not present
in an area (space) to be imaged is preferable. Accordingly,
the reference image acqguiring unit 252 of the illuminance

estimation model generation device 20 may acquire the



20 the configuration of an image sensor 10A according to the second
enbodiment. As illustrated in the drawing, the image sensor 10A includes a
canmera unit 11, a comunication unit 12, a storage unit 13, and a control
unit 14A. [0064] The control unit 14A has a conputer configuration 25 of a
CPU, a ROM a RAM and the like (none of which are illustrated) and
generally controls a process of the i mage sensor 10A in cooperation with a
program stored in the ROMor the storage unit 13. Further, the control unit

14A incl ude%a@%_u%humng?@%&%'f@ﬂém iWniat p2418d 8n hiamBh 3R Hateatkon unit
142, and a sensing result output unit 143 as functional units in
cooper at i on neitt praspnogaantie oraitkianaché MROKI BASEHeORt Bragenming 13.

[ 0065] The il ] um.nance_estj mat.ion unjt A_h th unct.i. as the
above-descr irbeeséllitl Pﬁﬁﬁgn%&% :‘!Lnri}ﬁeons]eﬁ%iotr ﬁl Iﬁ??lﬂ%r’, %ﬁefen |%l Ittﬁ%@nance
estimation urfidr &42Apilepovesl pmaitring, narnigéteésdimpmadr orheletidrd)oriat i on fact or
included_in the captured_imge used in.the_il.lum nance estinmati fromb
the captdred lr?ﬁlgé’ggﬁ ea%ﬁ%ig%sserf%rﬁrnegﬁénén Fomvt ke Captuidt rgli’nﬁ:g% from

whi ch t he detedrenati Onafiaci ©fuisinermied 25R006E8] Hee ere Bxanplees of the
illum nance estination deteriorati on fas§ or | nckude a ngvi n% booiy and a

| ocal i ght B3BGENTGEURT TTGRITHY 4°2nP 28N 2H Bk CEorY 1" Exapl e, the
i11um nance @& irdgktireAcENihadd ldhspaw fillasimanaaceaaof tiai € apitmy €ch | mage in
whi ch people are detected by the human detection unit 142 as the

i || uni nance SPCFREIEER WétRr of G0 dctorr Whenlth@: 1 ocal 1ight source

i ncl udedgi n thecaAPERHLedih8RgE is renoved, the illum nance 15 estimation

unit 141A specifies an area in which an object such as a desk or a light is
present fromQdf@lcapt Nesd, | aagecerd taoddimgmitnaAéé St ety Bittet &M orati on

factor, for é?%ag%%%nd58ﬁ35&¥$8§t}h£ égﬁﬁiéd}éMibﬁhwﬁrf bOoCad sd iy sQurce is
present as the illum nance estination 20 deterioration factor fromthe
| um nance divgtidhbeirdnuef fuhet tapt AR dddege tor thsi gaam sensE riécogni zi ng
technol ogy. described in the first embodiment to improve the
15 illuminance detection function. The same reference
numerals are given to the same configuration as the
configuration described above in the first embodiment, and
the description thereof will not be repeated.
[0063] FIG. 9 is a diagram schematically illustrating
20 the configuration of an image sensor 10A according to the
second embodiment. As illustrated in the drawing, the
image sensor 10A includes a camera unit 11, a communication
unit 12, a storage unit 13, and a control unit 14A.
[0064] The control unit 14A has a computer configuration
25 of a CPU, a ROM, a RAM, and the like (none of which are
illustrated) and generally controls a process of the image
sensor 10A in cooperation with a program stored in the ROM
or the storage unit 13. Further, the control unit 14A
includes an illuminance estimation unit 141A, a human
30 detection unit 142, and a sensing result output unit 143 as
functional units in cooperation with a program stored in
the ROM or the storage unit 13.

[0065] The illuminance estimation unit 141A has the same



As anot her nmethod, the illum nance estimation unit 141A stores the captured
i mmges (or the detection result of the human detection unit 142)
corresponding to a predeterm ned 25 period (for exanple, for one week) in
the storage unit 13 or the like and specifies an area in which people or a
| ocal light source is frequently detected as the illum nance estimation
deterioration factor based on such info2®¥ation. Then, the illum nance
estimation unit 141A 30 renoves the deterioration factor by excluding the

area specifigd as hhesi LLunpance asti;matyi 9n1dat g550L atd o fadonnfikom a

| um nance acquisition target area. [0067] When the entire captured i mge or

the | um nandeél.24Facgbesi ttlon ihryeitnaacea eissifigtionfutrite deltrerbemoatison

factor, the lumnance may be. acqulse eft"e‘%.f{‘oES@E8{1alsé%&&?%él%%% REFV' ous

or subsequeﬁt captured images or ‘acquisition o he T um nance nmay be

suppr essed. thle0@a8kthedi Lhage nasee igstiheatiildnminabhcd 449¢ Settsicn Strati ¢ ar ea,

in which_a change such as entrance or .exit of ,people_or venent of an

obj ect 18 ST COREUERE FHRPRAREs St St Lo Parget tT el Oi (FRHAER to

ensur e accuriatyyeof rbhewh ush neme edacsiidred ibhoatber capt tems-ddmge. For 10

exanple, the jillum nance estimatjon uni 1giéB%Eecifies a static area such
n

|
as a wal |l orl%9%8er subfaBe FFETRITHh Unt BRPEC o SHEHI ¥ or  movenent

of an obj ectydrersRRbkibY detestindamLddachham bhey capt W edbdarmge and
extracting a boundary with a wall, a floor, or a ceiling of 15 a building.

As anot her retdhdd SCHTsEabiel st i dided iLA™Phencapitfied ifRige, such as a

wal | or ;b oQuy Sinkacenkn; Mgl 80td anas @t i8% hnot PLOR! S Amsengnt of an
object is small, is specified based on the captured inmages obtai ned by
i magi ng genarsla offf Bceappated by dreriomiilsg Re2DlEeafdi FRETItaheEN ayout of

an of fice. 1he $03ARS4atavalLoUMADILE! s Rhe! BE1LhKS, DAS AL Ahddlecapt ured

i mages obtai ned by 1 magi ng genera I ce spaces to generate an obj ect
di scri m nat idEtermdektand @scngrt haitah] adte diosefli hiight i srumoelnclkgether

the captured | mages (o1, Le: A8 £0L] ALRRILSUL Pfathenfumn detection unit

15 estimation unit 141A specifies an area in which an object
such as a desk or a light is present from the captured
image as the illuminance estimation deterioration factor,
for example, specifying the area in which the local light
source is present as the illuminance estimation

20 deterioration factor from the luminance distribution of the
captured image or using an image recognizing technology.
As another method, the illuminance estimation unit 141A
stores the captured images (or the detection result of the
human detection unit 142) corresponding to a predetermined

25 period (for example, for one week) in the storage unit 13
or the like and specifies an area in which people or a
local light source is frequently detected as the
illuminance estimation detericration factor based on such
information. Then, the illuminance estimation unit 141A

30 removes the deterioration factor by excluding the area
specified as the illuminance estimation deterioration
factor from a luminance acquisition target area.

[0067] When the entire captured image or the luminance



. predeterm ned period (for exanple, for one week) may be stored in the
storage unit 13 or the like and the static area in which entrance or exit
of people or novenent of an object is small may be specified based on such
information 30 on the captured i mages. Then, the illum nance estimation
unit 141A sets the static area specified fromthe captured i nage as the
| um nance acquisition target area. [006®} The | um nance is acquired fromthe
captured image 25 by a pixel level, as in the i mage sensor 10. However, an

average val ue.qoi S Bgoh! K2-0l: (116 ] UL NANGES 0LnL e PLXEL S Coftpliddibing 1 he
| um nance acquisition targéet area may be acquired as the ?un1nance of the
captured i nege lEminhers Baarbaeraygeedalfgemofenherd bhy negrdegiusfusar bitrary

areas in the | um nan cQui Si ti r b g t he
| um nance o#nivéoggpggrg g?%%é%&9Eﬁ%ﬁ#%%ﬁb?@?a?gggfu%? éﬁ%ﬁﬁﬁg§%%é acquired
for each of thke lpiXeksceonsyibaitsupgpddssedum nance acqui sition target area

or each 10 of lural ity. di vi si on ar.eas .divi de t he captured

i mge. IRt h[iosoz%gﬁse, %‘th f‘ﬂ%rhaéhccee 95 lW%ﬁ@PaBPiﬂdL{fz\K/ne%e %r® each pi xel
or each divisiaancaseaabyinsiwngch he dHdrige BasteagsthtBinhen sodedi tldE
prepared for each pixel or each_divisi.on area. FF ther, an average val ue or

the |ike 15 R5PPfFe OdePPVERPunt hait &PIRG, B8 BRI ved®asth BEHaSon

result. [007Q] TheiichbHMpagse £sdidmtidnrdeict td4dAsacdubd@srddie of | UM nance
froman area set as the |um nance acquisition target area after renoving
t he deteri ortds NTRAEREF RFOM 27 tHE &BCuFERPREGeI ™A t HEH deri ves the

i I'lum nagce SQIEASRORAENY1 | GmifgnddniNanee ibasadieniing ddd i nance
estimation model 131. [0071] Herei nafter, a process relevant to the
i |1 umi nance ssttilgaeires PAchhes | arael sa@is @l oPgAsHE FRCPel 5V eBtri bed. FI G

A e SRS Rhs USLLRL 08 BB gl bk oSSt o
small by detecting an edge from the captured image and
extracting a boundary with a wall, a floor, or a ceiling of

15 a building. As another method, a static area included in
the captured image, such as a wall or floor surface in
which entrance or exit of people or movement of an object
is small, is specified based on the captured images
obtained by imaging general office spaces by performing a

20 learning of the layout of an office, the shapes of various
objects, or the like based on the captured images obtained
by imaging general office spaces to generate an object
discrimination model and using the object discrimination
model. Further, the captured images (or the detection

25 result of the human detection unit 142) corresponding to a
predetermined period (for example, for one week) may be
stored in the storage unit 13 or the like and the static
area in which entrance or exit of people or movement of an
object is small may be specified based on such information

30 on the captured images. Then, the illuminance estimation
unit 141A sets the static area specified from the captured
image as the luminance acquisition target area.

[0069] The luminance is acquired from the captured image



[0072] First, the captured image is acquired by causing the canera unit 11
to i'mage an area which is a subject 30(step S21). Subsequently, when the
illum nance estimation unit 141A specifies an area in which the illum nance
estimation deterioration factor is present fromthe captured i mage (step
S22), the illum nance estimation unit 26 141A renoves the area in which
the deterioration factor is present fromthe captured i mage (step S23).
Next, when the illum nance estination unit 141A specifies a static area in

whi ch ent t : f
ich en razﬁ,lermgl%i 18@ peopl eﬂp et DA ’5"5% s@Bs?E’ P81 eCloma e, sg‘%(st rom

the capture Fom whi ch  he tion tactor is renove ep
S24), the ildwemagenvelest omathenliks tofl4ha égmsnaheesp@ﬁitﬂi@cpis{%tﬂ C area

as the lum nance uisition tar et area ep S25). [0073] Wien

71 Ut nance BRECHERORI RS R G 84 TTRS TARPHANLT PO P

| um nance acyusirkidoAst ahgelumiemceto nhet eapSQEeﬁnlmdn@e ca@uutécr, mage
(step S26), the illum ngpce estimation unit 141A der ves the ill.um nance

correspondi i AYSERES| Ui Hande US rildmtlﬁ’émlclels nﬁﬁgé B3tY nfitS%h todel 131

(step S27). tHenuntifgndd sefSi g I@sWarqeut pitaufnbhl B4 3aouitdE dshe
illum nance derived in steﬁ S27 to the stora%e unit 13 or an external

devi ce (stef 28 ™MBAGCENRA the FRICESS eAGIT [ 0BHATAREB? i gt this

enbodi ment, @gidencki REY BOOYEquiley iddubaRance LEecestiems ed fromthe
| um nance of the 20 captured inmmge using the illum nance estimtion nodel

131 gener at &Pqﬂﬁltthlélﬁasl:%e nbael R acyeréftare, teReSt | RTRA MIn&&ch
estimathgn can bepechoryedswild i gh ACGW @GY1qEHT Fhsh, 18 r&aepttdlpedar ea in

whi ch the deterl oration factor Is present can be automatically renoved or
the acqui si timege25 far géttsaq’:@ae.(sttlm iic lavdapnecanibepraaf onst i aldni vest |

conveni ence ¢l QUAR 0. adb PSLaBNtyQf; v, Liradesens oy 104, can be i mpr oved.

Furt her, since t um nance estimation i s perfornmed using the captured
i mage from vnhulairnltn}aecel Eaptimancen esidaiatli3dn pdeperedr &b osrdlaqioreli or
renoved, the 3% il.l um.nance est |Emat| on can be @erfor n'fglewl t hth i g_th r

accuracy. Furtther rmrlg’lorsll Aeet he T nahc 8 'ESE P Ral 7o

15 of the derived luminances may be derived as an estlmation
result.
[0070] The illuminance estimation unit 141A acquires the
luminance from an area set as the luminance acquisition
target area after removing the deterioration factor from

20 the captured image, and then derives the illuminance
corresponding to the luminance based on the illuminance
estimation model 131.
[0071] Hereinafter, a process relevant to the
illuminance estimation in the image sensor 10A will be

25 described. FIG. 10 is a flowchart illustrating an example
of an illuminance estimation process performed by the image
sensor 10A.
[0072] First, the captured image is acquired by causing
the camera unit 11 to image an area which is a subject

30 (step S21). Subsequently, when the illuminance estimation
unit 141A specifies an area in which the illuminance
estimation deterioration factor is present from the

captured image (step S22), the illuminance estimation unit



. performed using the lum nance of the static area in the captured inage, the
i Il ami nance estimation can be performed 27 with higher accuracy. [0075] The
above-descri bed second enbodi rent has been suggested as an exanpl e, and
thus the scope of the invention is not intended as limting. The
above-descri bed 5 second enbodi rent nmay be achi eved in various other ways,
and om ssions, substitutions, changes, aéditions, or the |ike my be
variously nmade within the scope of the invention wthout departing fromthe

gist of the '4ri‘Ae'§_Ne}n80Fu t'xéé h§£e the .apve %SEE‘CQFE’oP{PPcﬂA Rt Qr j5he 10

nodi fications are I nc in t e scope or the gist e 1 nvention and
are |ncIudedmwﬁemhefeqmlva¢emapEuxqﬂaumégﬁhésmnpeﬁﬁﬁbn désscr i bdgn thiehe

cl ai ms. [007QhFOEn%§%gpgstllgk£q?1§$%ng Qés % { 3&9% %%eﬁ of
renovi ng t he T afnance® es ion 1 ora ion or an speC|fy|ng
the static ardahhawnerbeea peréoitred ﬁﬂﬂpueh@rlmweamemn o8B arotodjiemtt ed

thereto. One of thes rocesses e confi ured to b erformed. [Third
Enbodlneﬁt]JFD@??Fﬁbgfgmat?ﬁl?%PER%%A; PW HE18%5€W$bed. In 20 the
third enbodiggririoadtiBAJEaSEHNB O s Sr_yeﬁ'rtcﬂirédJS(Islﬂgpt beaj pagee sensoedinkdceor t he

i mge sensor 10A) descri bed. above will be descrihed, Further, an exa |l e
will be desceﬁtt}gé ELRDWHRER %‘ﬁ@i%eafg% Ln$HECL éF P FEE RIS 3% T8 .”Sm. ng

control systigminAndebdihdi 89t sshehe Asydthe @ff i(geepubbding 25 illustrated in
FIG 2, but the application scope is not limted thereto. The same

ref erence nufY'dlls ar Bhgnvehet bl iweinanse csvdrptient "eterehts as those of

the firsy enpodirRat cnanduh e, desceid i9r tl%rlﬁ%cw Lol e epeat ed.
30[0078] FIG 11 is a diagramillustrating an exanp ? t he configuration

of an i mage Wenedr agypst 8At 21ACTEHRRI TR tia! tthe Fﬁpﬁdr@%b@ﬁ%ntste}&s
i1 1ustrated %z% )L h%h‘ér %%qulnéﬁc?e | TBOG, SANSO LT Y S Y §Th 29t PETddes,d mage

sensors 10, Tightin
1llum1nance corresponding to the luminance using the

illuminance estimation model 131 (step S$27). Then, the

15 sensing result output unit 143 outputs the illuminance
derived in step S27 to the storage unit 13 or an external
device (step S28), and then the process ends.
[0074] According to this embodiment, as described above,
the illuminance is estimated from the luminance of the

20 captured image using the illuminance estimation model 131
generated by the basic models 241. Therefore, the
illuminance estimation can be performed with high accuracy.
Further, since the areé in which the deterioration factor
is present can be automatically removed or the acquisition

25 target area (static area) can be automatically set,
convenience relevant to adjustment of the image sensor 10A
can be improved. Further, since the illuminance estimation
is performed using the captured image from which the
illuminance estimation deterioration factor is removed, the

30 illuminance estimation can be performed with higher
accuracy. Furthermore, since the illuminance estimation is
performed using the luminance of the static area in the

captured image, the illuminance estimation can be performed



. devices 30, and a lighting control device 40. Here, the inmage sensors 10
and’ the |ighting control device 40 are detachably connected to a line N,
and thus conmuni cate with each other via the line N. Since the each
lighting device 5 30 is detachably connected to the Iine N, the lighting
control device 40 controls OV OFF of power, output values, or the like of
the lighting devices 30. The nunber of 2%age sensors 10 and the nunber of
| i ghting devices 30 connected to the Iine N are not particularly limted.

In 10 FIG oepl B8 ghkhe Lo, whigch the image sensors 10 are connected and the
line to whi 3:“?11 hhe Iglklsgt?ngudevfbes 30 are connected are the sanme, but my

be different[d07%ds. [DO78hdhe-dermgeisehsecold ewbailisenthdrdd lhgdnnance
estimation m)delesjﬁig% ggscri bed ife t haenJi rst %F)gogicmant %rb%lS t he storage

unit 13. The J97E5e SeAsof M 107851 Hat By tHESi MG nanceS bf "the periphery of

the subj ect iderinteohr am hbe intemdntesoflimicapyur ethe negeyphistsegrizgkied by

the canera unit 11 based on_the illum nance estination del 131. The i nmage
sensor 16 detS 6?@?5%3?56&%&‘3 SR A kB ST 20 DedPIE WXHi'n an area

which is a s esliskyocasal ¥yabegi tle cant whedgeapgedd Theondage: senrsor 10
outputs the estimated il |l um nance andewt]_gg1 detection result of the

presence/ abselGe ™Y PReVPAFkeUDFY g innENEeRSPRY Y&sUI® to an external

device (the ij@hiiing «RhEOL d&YiL€ip Alh tha HhetcoOrmmd CalJitiwal.t 12.
The i mage sensor 10 transmts a sensor identifier used to identify the

subj ect | magdlE&Rgor thegaPRER - HPEH RRANFHCCALIRGEWPE ht %e |ighting control
device 4@. [QQ8Q)iThe ibhghtDg; devige; 3Q, ithedskbgbt bpgeklevd c& chnd0 as a
fluorescent lanp or an LED (Light Emtting Diode) and illum nates a space

i n whi ch t heinsighitdeon kingharagideludsd i jthet ghhédalane $eqpa iafg Wévi ce 30
swi tches OV r. Qu e i ght.ing under the control of the

i ghting 29&5}(%&%#8 E\%?gégé@_f%ﬁ%h% ncg%édn{s%énsors 10 and the lighting

devi ces 30 ar@®74aist al Fed eramptei |imglef smeoolf eubpdagenty, Fa@h 2. [ 0081] The

lighting conirol dewi gg 40)5: R, SEiY e A8y

n%%ce estimation

15 deterioration factor and specifying the static area have
been performed, but the invention is not limited thereto.
One of these processes may be configured to be performed.
[Third Embodiment]
[0077] Next, a third embodiment will be described. In

20 the third embodiment, an image sensor syétem using the
image sensor 10 (or the image sensor 10A) described above
will be described. Further, an example will be described
in which the image sensor system is applied to a lighting
control system in a building such as the office building

25 illustrated in FIG. 2, but the application scope is not
limited thereto. The same reference numerals are given to
the same constituent elements as those of the first
embodiment, and the description thereof will not be
repeated.

30 [0078] FIG. 11 is a diagram illustrating an example of
the configuration of an image sensor system 2 according to
the third embodiment. As illustrated in the drawing, the

image sensor system 2 includes image sensors 10, lighting



5 that controls the lighting devices 30 based on the sensing result input
from each of the inmage sensors 10. Hereinafter, the configuration of the
lighting control device 40 will be described. [0082]FIG. 12 is a diagram
schematically illustrating 10 an exanple of the configuration of the
lighting control device 40. As illustrated in the drawing, the |ighting
control device 40 includes an input unig841l, a display unit 42, a

comuni cation unit 43, a storage unit 44, and a control unit 45.

15[ 0083] The dnpWeuRiot 444l BCY UGS AN dJMRUL108%LEESHEN age A kayhoard or a
poi nting device and oltpufs opefation contents received from'an operator of

t he Ilghtlngummwarsﬂnsaesléé 40d t the hliel ghdriingolconhirbl48eviite 40 spieaay unit 42
el udes a | Sbl A devi-6R.8e0q a8, & 1 Gl & CLYa! 8h.di SBhAY, 20, Rangl.and

di spl ays various ormation’in résponse 0 an I nstruction from
the control aautt oc’e'herTlveacohﬁuhimatN.on Simicte 4Bei saahcbighmimcatdeon dent er f ace

whi ch is _detgchably connected to the li N, .and tr nd recei ves
vari ous @indg)&éi%%%@?ﬁﬁgﬁgnc?gp%ﬁﬁfqron15ﬁ %%ngxﬁé ng %@%lce‘%the i mage
sensor 10, t&tﬁlﬂﬂcghtdieﬁgchVDCEOBﬂroIH dNYeHE k) pkbwart heutpuie W:1J3084] The

storage unit 44 is an au stor age, devi ce such_as an HDD and stores
various prodtaneSor &6t Oi n6 ¥b§9ﬁﬂq r?%%&%?&té@ sﬁen%Tﬁﬁ?o unit 45.

The 30 stor ag@ddiderddrst Q0esn@ @%me&n@@em@htiﬁ§|@e4ﬂée§53d he setting
information relevant to the control on the |I%htln devi ce 30. [0085] The

sensor manag&éEfctesbite 2he Line Maze ol @2r3dchhanhy chitheed mageé sensors

10 corrggpongrd 0 1hhe thieght h,Bg: deyh £as 3R %%%%V'séﬁgoygdﬁ(ﬁ dhe corresponding
i mage sensors 10. Fere, fthe supervision of the inage sensor 10 neans that a

target is corrImsidted aseotlPngite thelsiedsithg Aaghfing devices 30 are

connected are the same, but may be different lines.
[0079] The image sensor 10 retains the illuminance
estimation model 131 described in the first embodiment in
15 the storage unit 13. The image sensor 10 estimates the
illuminance of the periphery of the subject device from the
luminance of a captured image photographed by the camera
unit 11 based on the illuminance estimation model 131. The
image sensor 10 detects presence/absence or the like of
20 people within an area which is a subject by analyzing the
captured image. The image sensor 10 outputs the estimated
illuminance and the detection result of the
presence/absence or the like of people as the sensing
result to an external device (the lighting control device
25 40) via the communication unit 12. The image sensor 10
transmits a sensor identifier used to identify the subject
image sensor together when communicating with the lighting
control device 40.
[0080] The lighting device 30 is a lighting device such
30 as a fluorescent lamp or an LED (Light Emitting Diode) and
illuminates a space in which the subject lighting device is
installed. The lighting device 30 switches ON/OFF or

output values of lighting under the control of the lighting



5 of the inmge sensor 10. For exanple, the target is the lighting device 30
pl aced at the position corresponding to an inmagi ng range of the image
sensor 10 or the lighting device 30 or the like installed in the sane

i ndoor as that of the imge sensor 10. 10[0086]FIG 13 is a diagram
illustrating an exanple of the data structure of the sensor nmanagenent
table 441. As illustrated in the drawi ng the sensor nanagenent table 441
has a sensor identifier and a lighting identifier as data entries, the data

entries are JpR3GedalscOrIGSPOMPNGRILS Lhgkewi 1. 908 Hargie ite sensor

identifier is 1dentification informati'on used to identify each i nage sensor

10. Exanpl esleoficelse38easorinsentlidd em iancleddéngnof Fadefesss, @&sMAG addr ess,
and a manuf ri,ng nunber assigned in advance 20 to each i nage sensor 10.
The lightingidentifier is identifier information used to identify each

|'i ghting devio®ws130. Exaapleshtoindg heontdrglit idegicdendi fses samctaudelean ceF

address, _.a MAC address, and uf acturi.ng n r assigned in advance to
each |i ghti iy adedPe&T36° g%fgbggﬁpﬁmtl v %F #g?gﬁiﬁﬁpﬁgfﬁu%éﬁgangl" and
"?]ensolr 02" mymitegnhptier edomseddre senger imdent skhesoss Further, for exanple,
three lighting identifiers "lighting 01" tq "|lighting, 03" are registered in
correspondeﬁE%“ﬁFFﬁtFﬁe E%ﬁs%ﬁégaﬁﬁﬁ%?HQQ'O%séhgoﬁlﬁﬁgl%ﬁuquﬁﬁﬂg l'i ghting 30
iqentifiers &édﬂﬂ§i4ogw@£i be déd@higarg 06" are registered in correspondence
with the sensor identifier "sensor 02." [0089] The_control unit 45 has a

conput er confd&fddati oF16f &2 GPU,2 £ RV SRARMAAAEat e 11 KRS (ERIHE%F whi ch

are 31l | ust raladh caBd gROCE S # Vo BQUHilR $ratRE0ESSt Plg tdhddaht i ng
control device 40 in cooperation with a programstored in the ROMor the
st orage uni tdesg.ceFdPthehs thbugortesl ignithedSrppéntdetha Ledisiing resul t

acquiring L”géntrol device 40 includes an input unit 41, a display unit
42, a communication unit 43, a storage unit 44, and a
control unit 45.

15 [0083] The input unit 41 includes an input device such
as a keyboard or a pointing device and outputs operation
contents received from an operator of the lighting control
device 40 to the control unit 45. The display unit 42
includes a display device such as a liquid crystal display

20 panel and displays various kinds of information in response
to an instruction from the control unit 45. The
communication unit 43 is a communication interface which is
detachably connected to the line N, and transmits and
receives various kinds of information to and from an

25 external device (the image sensor 10, the lighting device
30, or the like) via the line N.

[0084] The storage unit 44 is an auxiliary storage
device such as an HDD and stores various programs or
setting information executed by the control unit 45. The

30 storage unit 44 stores a sensor management table 441 as the
setting information relevant to the control on the lighting
device 30.

[0085] The sensor management table 441 is a data table



5 451, an illum nance deternmination unit 452, and a lighting control unit
453"as functional units in cooperation with a programstored in the ROM or
the storage unit 44. [0090] The sensing result acquiring unit 451 acquires a
sensing result fromeach of the inmage sensors 10 of which 10 the sensor
identifiers are registered in the sensor nmanagenent table 441. Here, the

sensing result includes a detection resabdt of the illum nance,

presence/ absence of people, or the like. [0091] The illum nance

det er m nat | ap, walibndPRedeheddl Mas oy 1ld WBRUEEQM s ey parigiary of the
i mge sensor i 'Tum na entire roomin ich't ge sensor

10 is |nstauamdcbasél supeh91$$iunuhan¢®einokmdQHOh@im®eu&3nswm@spesult of
each i mage nsor, 10 uired b the s ng result ac uird n unit 451, and
t hen outputé%theﬁfﬁ %%rn1%%ﬁ|oﬁ£¥€§u%n%#ogePﬁge W th héjgghsor

i dentifier ahatha cergespbgd¢¢mkndmﬂyﬁ.$@@©@dlﬁ@ to the démitrigngesontr ol

uni t 4535 [0092 For. exang mh%¢ senS|ng result_of one i e sensor 10
i ncl udesoné i HGnitAAAE e SRR i 14 unmiPInE&258 86t5?ﬁ15%ﬁ?%&iﬁhqﬁ'452
det er m nes tlﬁ'g%t'lhbuﬁbﬂ@dﬂ@eB@-spIahféd |ldturheapee i ef oh heo pesdgiirtivigoftot hi s

i mage sensor 10. Further, when the sensing result of one jinage sensor 10
i ncl udes |H%ﬂﬂlﬁéﬁéégnﬁﬁﬁﬁ?nﬁft?ﬁ?cW%ﬁﬁél Pﬁﬁrpégl?FcﬁPet%ﬁgq N nance

determ nati QrwWRkt 3453 rdeher M kesi tdtas 13Q ithl AbN3ase Asaddie dd lwminance at
each disposition position of the periphery of the imge sensor 10.

[ 0093] When tdfe theurBRPEYSORSPFralfe- sensors 10 are installed in the sane
room t@@ 'lld@@6@anceF@§te{§1f§Ié(Hlad¥%m illustrating an example of

the data structure of the sensor management table 441. As
illustrated in the drawing, the sensor management table 441
has a sensor identifier and a lighting identifier as data
entries, the data entries are managed in correspondence

15 therewith.

[0087] Here, the sensor identifier is identification
information used to identify each image sensor 10.

Examples of the sensor identifier include an IP address, a
MAC address, and a manufacturing number assigned in advance

20 to each image sensor 10. The lighting identifier is
identifier information used to identify each lighting
device 30. Examples of the lighting identifier include an
IP address, a MAC address, and a manufacturing number
assigned in advance to each lighting device 30.

25 [0088] In FIG. 13, for example, "sensor 01" and "sensor
02" are registered as the sensor identifiers. Further, for
example, three lighting identifiers "lighting 01" to
"lighting 03" are registered in correspondence with the
sensor identifier "sensor O0l" and three lighting

30 identifiers "lighting 04" to "lighting 06" are registered
in correspondence with the sensor identifier "sensor 02."
[0089] The control unit 45 has a computer configuration

of a CPU, a ROM, a RAM, and the like (none of which are



,unit 452 may cal culate an average value or the like of the illum nances
incl'uded in the sensing results of the inmage sensors 10 and determines the
il lum nance obtained through this calculation as the illum nance of the
entire roomin 5 which the i mage sensors 10 are installed. Further, the
determ nation on the i mage sensors 10 installed in the sane roomis
performed based on | ayout information i®dicating the disposition positions
or a positional relation of the imge sensors 10 or the l'i ghting devices 30

| n_each roor{‘l%s’c?g%@& | gy ! r?é'f%l‘f%o(u@%?sog %‘P&; ardy x{ﬂ distrated) in

whi ch the sensor entifiers o e i mage sensor installed in the sane
room are naﬂa@@dlnpocgﬁ}ﬂhb d¢¢lﬂﬂ rfédnce d@peﬁnaha®m0m1mhua eSyrEEy out put a

val ue obt ai ned_b dlv nce. 1 tep by step
(level) accoﬁglné to %ﬁé egré% g} %QOEE%ﬁak%gglg?tthqé%q1ﬁ’ng?%bntrol unit
453. [0095] Beatlrbghtihlg ¢ontroluded ta 4=3stagt rebsl ONERE omaamndwt put val ue

f h t d 30 b t.h | | ' f t h
1 1 nafica 6 oP hat FBR TR 0 G182 "Rd °Fna"Uet SH1 MG b OB RS

pr esence/ absemteoof upeoph g3 o4s thendtdikaalnohiudedih ncddee serissmariresal t .
[ 0096] For exanple, the lighting control n|t 453 gerforns control such that

t he I|ght|n§r€8ﬁFPoFt8ﬁ?? ﬁ%3t‘%%ﬁp%CFhé GufpBraetiYmt nottul ati on ratio) of

the Iightingod9odevi cendOséis Bnd QXBUIAr @@)uki Bivgi 6Ri ¢ | 430 NanGe Regessary
for office work is ensured or raises the output (light nodul ation ratio) of

the |ightinged@édngers8ouih Bremotrtarda)hien iMAFEhSERFRRT Ndh&E mddcEsary for

of fice wark dpg @%segsya@gtlfwﬁéﬂ% Iﬂe@hfsltegeaonﬁr@he W s A53 performs 30
controls such that the lighting control "unit 453 turns on the lighting

device 30 i maalaug@mﬁn(:atela}elﬁ%hl dienseophe arespresertylt ums vl ehe
lighting de\q&&%c%(}ohnr@s%?fm&fagk?é"‘)il'lrﬂlm aﬁﬁepegp%]&ﬁé@/ Resent, and

changes the lTight 33 no atiton ratio of the | ting eV|ce 30 accordi ng
to a distrilpgtoipde, obrpebel bike.

[0091] The illuminance determination unit 452 determines

15 illuminance of the periphery of the image sensor 10 or
illuminance of the entire room in which the image sensor 10
is installed based on the illuminance included in the
sensing result of each image sensor 10 acquired by the
sensing result acquiring unit 451, and then outputs the

20 determination result together with the sensor identifier of
the corresponding image sensor 10 to the lighting control
unit 453.
[0092] For example, when the sensing result of one image
sensor 10 includes one illuminance, the illuminance

25 determination unit 452 determines this illuminance as the
illuminance of the periphery of this image sensor 10.
Further, when the sensing result of one image sensor 10
includes illuminance matching the disposition position, the
illuminance determination unit 452 determines this

30 illuminance as the illuminance at each disposition position
of the periphery of the image sensor 10.
[0093] When the plurality of image sensors 10 are

installed in the same room, the illuminance determination



.[0097] The lighting identifier of a control target lighting device 30 is
sel ected fromthe sensor managenent 5 table 441 based on the sensor

identifier input together with the illum nance fromthe illum nance
determnation unit 452 and the sensor identifier transmtted together with
the sensing result fromthe i mage sensor 10. Wen the illum nance

determ nation unit 452 determ nes the 182illum nance for each a
predet erm ned di sposition position of the periphery of the inage sensor 10,

the 11ght' ng.fdaviee 39ycoLiespANINg ,-LBe ¢LIROsLE! O POSI IAN dIRY be -

i ndi vidual Iy control ed based on the i1l uf nance. A correspondence rel ation
bet ween t he idilspdsiahicen pousludeh i tdred selre ihgghesngtdevf cer<80m@Edeght i ng
identifier) is used.to_specif he carre I, Lght i A based
on the abové*aé%%?i%gdapgygﬁ%g#$1%ﬁ%;%ﬂeoﬁegggfﬁgn%%kgﬁﬁ{%ﬁggftégﬁﬁﬁbfter, a
process rel exant dadcuhethbghds nche antlnalinpeckonbredhdyethierd ighin g cont r ol

device 40Q will, be 20 described. FI 14 is a. f hart illustrating an
exanpl e gf ERRE F%ﬁglgﬁﬂ?r%?n%?ﬁiggéaﬁ@rﬁ&?ﬁ@égg§'th uf?%ﬁﬁﬁﬁ%“%ontro
device 40. [ROYFinkstont Be SEASimpd eslsbracqui LhBgaunéd #ASltracguinees t he
sensing result fromeach of the image sensors 25 10 of whic¢ch the sensor

i dentifiers & ﬁégP?FéPéﬂe?nb??ﬁg G WenaGerERe Tt 3B AP (i%p S31).
Here, an acquiesidiis@dstikiibAgp®ditthsSansiangosesibhal SraDit Pod tdC Wy |y
limted. The sensing results may be configured to be acquired together from
t he respect | W& 930 SieRggESs &AsOF stND BrIfayRIEleFdReP gaf et t A Pe HFuiOed at

di ffereny tiddngs,y FWELRRLLidRe(SENSIJW WiasW hracquihipga it #pl may be
configured to request the inage sensor 10 to transmt the sensing result,
or the sensivig.aresiiet seggorr daemi 1 it sf cdmtihige inpageseedeo? 1O may be
configured tfhé%%f%@dt§g'the same room are matched.
[0094] The illuminance determination unit 452 may output
a value obtained by dividing the determined illuminance
15 step by step (level) according to the degree of illuminance
to the lighting control unit 453.
[0095] The lighting control unit 453 controls ON/OFF or
an output value of each lighting device 30 based on the
illuminance input from the illuminance determination unit
20 452 and the detection result of presence/absence of people
or the like included in the sensing result.
[0096] For example, the lighting control unit 453
performs control such that the lighting control unit 453
lowers the output (light modulation ratio) of the lighting
25 device 30 in a room (area) in which illuminance necessary
for office work is ensured or raises the output (light
modulation ratio) of the lighting device 30 in a room
(area) in which illuminance necessary for office work is
not ensured. Further, lighting control unit 453 performs
30 controls such that the lighting control unit 453 turns on
the lighting device 30 in a room (area) in which people are
present, turns off the lighting device 30 in a room (area)

in which people are not present, and changes the light



. [0100] Subsequently, the illum nance determ nation unit 452 determ nes the
illum nance of the periphery of the 5 image sensor 10 transmtting the
sensing result or the illum nance of the entire roomin which this inmge
sensor 10 is installed based on the illum nance included in the sensing
result acquired in step S31 (step S32). [0101] Then, when the |ighting
identifier corresponding 10 to the sens®® identifier of the inage sensor 10
to be determined by the illum nance determ nation unit 452 is specified

fromthe se 1mmnagepent jtaplg 44L (steR S33)cet B6 Lightdng gontyrol unit
453 nndulatggQ{cgﬁﬁrols %?dﬂ? ofathéﬁﬁfg%fing ggvice 30 cG?g%spoﬁding to

this |ightimgstyibdeaphfpEerreased. on the determ nation result of step S32
on this imag sor or . . det.ect | result _o r / absence or
[;0053‘%' }Ba El&]{?ﬁuﬁe‘elc?er{tq_%le% We Ft Efé?%%PS%%a&&e

the |i ke of peodple included sensing resu , and then the
process endslighhtiisgprecéss 38 jperdaramckdMiereyehet hensensnarp geasultt

acquiring 20 it 1 acquires the sensing result. [0102] Thu according to
this emb diﬁﬁ#ﬂf éﬁﬁcgafg P UM naHte ] §%§§Eﬁﬁéféd£??%ﬁ;%?ﬁf RH nance of
t he capt ur edvigyra@@eusingmihendd | fBnnanee iaStimiathes aetermil3l: igener at ed

fromthe basic nodels 241, the illumnance estimatiop can_ 25 he perforned
with high ac}i:'ij'r"aélg'f3 BOPt hBP, SSPide YHE NS TGRS %éaaév%gée‘%ot?%etgb rol | ed

usi ng the sensim@nkesehtinf tbeuitegensensonink@e tBAsbight i nogwdevitee 30 can
be controlled nore reliably. [0103] Herei nbefore, the third enbodi nent has
been 30 descriB@dnapee faFerBRBYH: et ifad BebRtsuHYRET et"%s an exanpl e,

and thus ot he ScARG Qket REri BYEATA Qhrd e tiBininliendedoast L b fd idiobhe
above-descri bed enbodi nent nmay be "achi eved in various other ways, and
oni ssions, &5 thebeeiriaheoksot chizhgerIaddinsioand 0. ofPeheighkerdray be
variously Mede Wi o cbReeSEORS: A 16 Hd1anlan Wbk NObL; dERRrtd NG rom the
gi st of the 1 nvention. Further, the above-described enbodi nent or the
nodi fi cati onshddredually controlled based on the illuminance. A
correspondence relation between the disposition position
15 and the lighting device 30 (lighting identifier) is used to
specify the corresponding lighting device 30 based on the
above-described layout information or the like.
[0098] Hereinafter, a process relevant to the lighting
control performed by the lighting control device 40 will be
20 described. FIG. 14 is a flowchart illustrating an example
of a lighting control process performed by the lighting
control device 40.
[0099] First, the sensing result acquiring unit 451
acquires the sensing result from each of the image sensors
25 10 of which the sensor identifiers are registered in the
sensor management table 441 (step S31). Here, an
acquisition timing of the sensing result is not
particularly limited. The sensing results may be
configured to be acquired together from the respective
30 image sensors 10 or may be configured to be acquired at
different timings. Further, the sensing result acquiring

unit 451 may be configured to request the image sensor 10

to transmit the sensing result, or the sensing result



., 5 included in the scope or the gist of the invention and are included in
the’ equi val ent scope of the invention described in the clains. [0104] For
exanpl e, in the above-described third enbodi nent, the exanple has been
described in which a 10 building such as an office building is set as a
managenent target, but the invention is not limted thereto. Al of a
plurality of buildings, outdoor facilitB4s, areas, or the |ike may be set
as managenent targets. In the above-described enbodi nent, the lighting

device 30 i 1 I t 1ph limted
t her et o. Clﬁgéﬁgpgg§?gc§ﬁgﬁp%%§ g&ﬁ%ﬂ%&mg?? cgn§?¥pﬁﬁpﬁgggécﬁﬁg§k§ay be

i ncl uded as behevaggrtie ol targets [ 0105] The program execut ed by each device

according g difg 1 st Ege%re "lede' L AGREL! et ARGYE %tm%dded 20

in advance into st orage or age unlt included in
each device4§a mstbmmbeesup@é|f&ﬂuMMnandweoﬁnvhatpenlpserMHOﬂ|nheted t her et o.

An installahle or executapble file may b recorded in a ut.er - readabl e
recordiné ﬁé&P@ﬁlgﬁgﬁoﬁs?Q 1ﬂ?r¥1§X|bF§na f?iﬁf QBég; R or a
DVD (D gi t aliiVeimrsatinke ErskheSénﬁﬁrd(rdmm ampphﬁeﬁ.tﬁu$tfmagetdums©torage

mediumis nqt limted medi ymin endent. froma c uter or an
|ncorporated's§§téﬁftﬁgﬁ an %?ﬁﬁp tgfpﬁﬁguEEBFQQE he 4nﬁ? €5 i ncl ude
a storage nmedifdinighatssler 86q@f rd®Mporsatdd B33t gsesp393®) program del i vered
and downl oaded via a LAN, the Internet, or the |ike, [0106] Further, the

progr am exechfléd lby eZBRANdeWieR R oridENG G0 16RBEET 6T FF 1R MMEodi nent s

described ahQyene36enBYrbeashol £t 0N A GRMELEE SORSEEtEE dd K& network such
as the Internet and downl oaded via the network so as to be supplied.

Al t er nat i veldgterméngdolr afh frayl benbravdd e termdnat i phuteE:t VA% dsnet wor k
such as the Jnfardel £ RESR EIL N QanbidenRREERENCE NIMVERALS, 533,

the lighting control unit 453 modulates (controls) light of
the lighting device 30 corresponding to this lighting

15 identifier based on the determination result of step S32 on
this image sensor 10 or the detection result of the
presence/absence or the like of people included in the
sensing result (step S34), and then the process ends. This
process is performed whenever the sensing result acquiring

20 unit 451 acquires the sensing result.
[0102] Thus, according to this embodiment, since the
illuminance is estimated from the luminance of the captured
image using the illuminance estimation model 131 generated
from the basic models 241, the illuminance estimation can

25 be performed with high accuracy. Further, since the
lighting device 30 is controlled using the sensing result
of the image sensor 10, the lighting device 30 can be
controlled more reliably.
[0103] Hereinbefore, the third embodiment has been

30 described, but this embodiment has been suggested as an
example, and thus the scope of the invention is not
intended as limiting. The above-described embodiment may

be achieved in various other ways, and omissions,



. [0107] 1 1 LLUM NANCE ESTI MATI ON MODEL SETTI NG SYSTEM 2 INAGE SENSOR SYSTEM
10, 10A | MAGE SENSOR 1011 CAMERA UNIT 12 COMVUNI CATION UNI'T 13 STORAGE UNI'T
131 I LLUM NANCE ESTI MATI ON MODEL 14, 14A CONTROL UNI'T 15141, 141A

| LLUM NANCE ESTI MATION UNI' T 142 HUMAN DETECTI ON UNI T 143 SENSI NG RESULT
OQUTPUT UNI'T 20 | LLUM NANCE ESTI MATI ON MODEL GENERATI ON DEVI CE 21
I NPUT UNI T 2022 DI SPLAY UNIT 23 COMVUNI EATI ON UNI' T 24 STORAGE UNIT 241
BASI C MODEL 25 CONTROL UNI' T 25251 BASI C MODEL GENERATI NG UNI' T

substitutions, changes, additions, or the like may be
variously made within the scope of the invention without
departing from the gist of the invention. Further, the
above-described embodiment or the modifications are

5 included in the scope or the gist of the invention and are
included in the equivalent scope of the invention described
in the claims.
[0104] For example, in the above-described third
embodiment, the example has been described in which a

10 building such as an office building is set as a management
target, but the invention is not limited thereto. All of a
plurality of buildings, outdoor facilities, areas,.or the
like may be set as management targets. In the above-
described embodiment, the lighting device 30 is set as a

15 control target, but the invention is not limited thereto.
Other electric devices such as air-conditioning devices may
be included as the control targets.
[0105] The program executed by each device according to
the first to third embodiments described above is embedded

20 in advance into a storage medium (the ROM or the storage
unit) included in each device so as to be supplied, but the
invention is not limited thereto. An installable or
executable file may be recorded in a computer-readable
recording medium such as a CD-ROM, a flexible disk (FD), a

25 CD-R, or a DVD (Digital Versatile Disk) so as to be
supplied. Further, the storage medium is not limited to a
medium independent from a computer or an incorporated
system, but an example of the storage medium may also
include a storage medium that stores or temporarily stores

30 a program delivered and downloaded via a LAN, the Internet,
or the like.
{0106] Further, the program executed by each device

according to the first to third embodiments described above



. 252 REFERENCE | MAGE ACQUI RING UNI' T 253 REFERENCE | LLUM NANCE ACQUI RI NG UNI'T
254 | LLUM NANCE ESTI MATI ON MODEL GENERATI NG UNI' T 255 | LLUM NANCE ESTI MATI ON
MODEL SETTI NG UNI' T 3030 LI GHTI NG DEVI CE 40 LI GHTI NG CONTROL DEVI CE 41 | NPUT
UNIT 42 DI SPLAY UNIT 37 43 COVWUN CATION UNIT 44 STORAGE UNI T 441 SENSOR
MANAGEMENT TABLE 45 CONTRCL UNIT 451 SENSI NG RESULT ACQUI RING UNI' T 452

| LLUM NANCE DETERM NATI ON UNI T 453 LI G-H® NG CONTROL UNI' T N LI NE
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may be stored on a computer connected to a network such as

the Internet and downloaded via the network so as to be

supplied.

Alternatively, the program may be provided or

distributed via a network such as the Internet.

DESCRIPTION OF THE REFERENCE NUMERALS

[0107]

1 ILLUMINANCE ESTIMATION MODEL SETTING SYSTEM

2 IMAGE SENSOR SYSTEM

10,
11
12
13
131
14,
141,
142
143
20
21
22
23
24
241
25
251
252
253
254
255
30
40
41
42

10A IMAGE SENSOR
CAMERA UNIT
COMMUNICATION UNIT
STORAGE UNIT

ILLUMINANCE ESTIMATION MODEL

14A CONTROL UNIT

141A TILLUMINANCE ESTIMATION UNIT

HUMAN DETECTION UNIT

SENSING RESULT OUTPUT UNIT

ILLUMINANCE ESTIMATION MODEL GENERATION DEVICE
INPUT UNIT

DISPLAY UNIT
COMMUNICATION UNIT
STORAGE UNIT

BASIC MODEL
CONTROL UNIT

BASIC MODEL GENERATING UNIT

REFERENCE IMAGE ACQUIRING UNIT

REFERENCE ILLUMINANCE ACQUIRING UNIT
ILLUMINANCE ESTIMATION MODEL GENERATING UNIT
ILLUMINANCE ESTIMATION MODEL SETTING UNIT
LIGHTING DEVICE
LIGHTING CONTROL DEVICE

INPUT UNIT
DISPLAY UNIT



.38 CLAIMS 1. An information processing device conprising: a
retaining unit that retains a basic npdel indicating a plurality of
relations for a plurality of subject 5 conditions between a plurality of
illum nances and a plurality of lum nance of a plurality of captured

i mages, which are obtained when a subject is inmaged by changing an

il lum nance condition under the subject3tonditions; a reference imge
acquiring unit that acquires a 10 captured i mage captured in a target space
for illum nance qgtl@ghMgﬁléﬁbeﬁeﬁN@qence i mage; a reference

il lum nance acquiring unit that acquires illum nance of the target space at
a tinme of |nagln@4théT©EA@Ee%&ET|nage as reference illum nance; and 15an

i Ilum nance esti i og I izt that generates an illum nance
estimation nndelq?%dlcaﬁgﬁg dgﬁg%% ﬁgﬂqggﬁheen il lum nance and | um nance in
the target space 4br ogDHTHALaUNHI ue i ndicated as a pair of the reference
illum nance and | umn fe i 20 based on the basic
nodel . . The iﬁgg}nggﬁgﬁﬁér%@%géfﬁﬁ&ggﬁﬁggﬁggggrding to claim1, further
conpri si ng: 452 ILaUMasANCEHmEmEHMﬂNwTabmngNmmit t hat generates the
basi ¢ 25 nodel in the retaining unit retains the basic node
generated by the49§5|&IﬁﬁaéwGQQQNﬁ%ﬁQrﬂfaﬂut 3. The information
processi ng devi cg aggQeding to claim 2, 30 wherein the basic nodel
generating unit calculates a plurality of regression expressions of the
plurality of illum nances and the | um nance of the captured images for the
subj ect conditions to generate the regression



. 39 expressions as the basic nodel. 4. The information processing device
according to any one of clains 1 to 3, S5wherein the illum nance estinmation
nodel generating unit generates the illum nance estimation nodel by
perform ng linear interpolation on the data value indicated as the pair of
the reference illum nance and the | um nance of the reference image using
the basic nodel. 10 5. The information3®rocessi ng device according to any
one of clainms 1 to 4, wherein the illum nance estimtion nodel generating
unit acquires the |um nance fromone gfaauplurality of 15 areas included in
the reference image to generate the illum nance estimation nodel for each
of the aread.. 6AnThefponhathet imrogrodegsideyidevierpateiorgt ng to claimbs,

wherein the illunl napce.estimii n.qodel generatlog: yplde 29 Rpglfigs an
area illumnated by a ﬁlg%?ing device provi ed rithe arget spacé fromthe
reference I nageutralgenesait eeideiond inmaneéuest it o Dnsutodetit based on

| um nanc a%:uit%d fro he SpeCifiﬁai'%reaf %% 7. The infornmtion processing
device a corg¥ﬁ6 98n5nggéﬂ%e%faéﬂéi 1% 8%, &H@f%?%c?%énﬂgfbrence i mage
acquiring umltureoARgres Lheineies o e iprage lwhiychfi Sapresdduslageacquired
and, 3 | o Jeuly eantured L She LALARk space Lo neuly, ssause S0the
previously aqquiniedneel eseacei dmbgricandHeheungelty eapiin £shd;mage is greater
than a a reference image acquiring unit that acquires a
10 captured image captured in a target space for illuminance
estimation as a reference image;
a reference illuminance acquiring unit that acquires
illuminance of the target space at a time of imaging the
reference image as reference illuminance; and
15 an illuminance estimation model generating unit that
generates an illuminance estimation model indicating a
relation between illuminance and luminance in the target
space from a data value indicated as a pair of the

reference illuminance and luminance of the reference image

20 based on the basic model.

2. The information processing device according to claim 1,
further comprising:
a basic model generating unit that generates the basic
25 model,
wherein the retaining unit retains the basic model

generated by the basic model generating unit.

3. The information processing device according to claim 2,
30 wherein the basic model generating unit calculates a

plurality of regression expressions of the plurality of

illuminances and the luminance of the captured images for

the subject conditions to generate the regression



. predeterm ned threshold value. 40 8. An image sensor device
conprising: a retaining unit that retains an illum nance estimation
nodel generated by the information processing 5 device according to any one
of claimse 1 to 7; an acquiring unit that acquires a captured inage captured

in the target space for illum nance estinmation; and a deriving unit
that derives illum nance corresponding 3® to | um nance of the captured
i mge based on the illum nance estinmation nodel. 9. The inage sensor device

according t%g&&%%@&@ s“@?rfﬁékiﬂﬁxﬂﬁkh%hﬂg unit excludes an area in which a

15 novi ng body or a |oca i ght source is present fromthe captured inage
to acquire the lum nance fromthe captured i nage fromwhich the area is

removed. 10., The,|Rgecsensol, deyl £ AGe0or dLng-Loclalm 8, Yo 4n 2 pher ei n
the deriving 'unit Specifres a static area In rch a chanmge 1s small from
the capturedfi ragesstd acqsjre the lum nance fromthe static area. 11.

The i mage sensor device accordjng to an ne of clains 25 8 tq.10, wh
The ror B ng onrfer s PSS T E MRt B Balh ol P hatmaeiat g Mheret

corr espondengg tWokhegape edeherinned mmnea estihetcaptusesl ivypge, and
the deriving unit acauires | um nance from each area in 30 the captured

i mage whi ch PEGPERBBAAL IS T hEM S IRMiATdR0e CBs FI et bR YodE Tigércde

iIlum nance usithg bB8r of the reference illuminance and the luminance

of the reference image using the basic model.

10
5. The information processing device according to any one
of claims 1 to 4,

wherein the illuminance estimation model generating

unit acquires the luminance from one or a plurality of

15 areas included in the reference image to generate the

illuminance estimation model for each of the areas.

6. The information processing device according to claim 5,
wherein the illuminance estimation model generating unit

20 specifies an area illuminated by a lighting device provided
in the target space from the reference image to generate
the illuminance estimation model based on luminance

acquired from the specified area.

25 7. The information processing device according to any one
of claims 1 to 6,
wherein the reference image acquiring unit compares
the reference image which is previously acquired and a
image newly captured in the target space to newly acquire
30 the newly captured image as the reference image, when a
difference between the previously acquired reference image
and the newly captured image is greater than a

predetermined threshold wvalue.



. illum nance estimation nodel corresponding to the each area. 41 12. The

i mage sensor device according to any one of clainms 8 to 11, further

conpri si ng: an output unit that outputs the illum nance derived by
the deriving unit or a value according to a degree of the 5 illum nance.

13. A program causing a conputer of an information processing device
retaining a basic nodel indicating a plapality of relations for a plurality

of subject 10 conditions between a plurality of illum nances and a

plurality of lum nance of a plurality of captured inages, which are

obt ai ned when a subject is imged by changing an illum nance condition

under the subj echncondpei sasseo d&nuﬂe(mwm@$1slﬁg reference image acquiring

unit that acquires |Ilun1nance of th get space,at. a tlne of imaging the
inin }? tha ns a lumln

ref erence i mge &s Fefelehce um han 'eFence i1l uni nance

acqui ring LnuétﬂﬂaahoacquﬁeESgeménﬂmevam@et@k ﬁheotmaQE®nsmmmmesﬁlng time of

i magi ng the 20 referencs i mge as reference illu 'Qan e; and an illum nance
estimatidn g EEPAETHY thi I°Y HA® §€n§ﬁ§%8§ gL ?I?UWinance estimation

model i ndicatingaa eehanr@ﬂg betweeihdd laguiaseeaabdpt unddangeyd n the target

space froma data value indicated as a pair of the 25 reference i I lum nance
and Iunlnané@*ﬁﬁrﬁﬁelPeFE?eE%%Q?%ﬁ§§“Eh§EE drh LERANARSE cC Hotfettions
and

a deriving unit that derives illuminance corresponding
10 to luminance of the captured image based on the illuminance

estimation model.

9. The image sensor device according to claim 8,
wherein the deriving unit excludes an area in which a
15 moving body or a local light source is present from the
captured image to acquire the luminance from the captured

image from which the area is removed.

10. The image sensor device according to claim 8 or 9,
20 wherein the deriving unit specifies a static area in which
a change 1is small from the captured images to acquire the

luminance from the static area.

11. The image sensor device according to any one of claims
25 8 to 10, wherein
the retaining unit retains the illuminance estimation
model in correspondence with a predetermined area in the
captured image, and
the deriving unit acquires luminance from each area in
30 the captured image which corresponds to the illuminance
estimation model to derive illuminance using the

illuminance estimation model corresponding to the each area.
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12. The image sensor device according to any one of claims
8 to 11, further comprising:

an output unit that outputs the illuminance derived by
the deriving unit or a value according to a degree of the

illuminance.

13. A program causing a computer of an information
processing device retaining a basic model indicating a
plurality of relations for a plurality of subject
conditions between a plurality of illuminances and a
plurality of luminance of a plurality of captured images,
which are obtained when a subject is imaged by changing an
illuminance condition under the subject conditions to
function as:

a reference image acquiring unit that acquires
illuminance of the target space at a time of imagihg the
reference image as reference illuminance;

a reference illuminance acgquiring unit that acquires
illuminance of the target space at a time of imaging the
reference image as reference illuminance; and

an illuminance estimation model generating unit that
generates an illuminance estimation model indicating a
relation between illuminance and luminance in the target
space from a data value indicated as a pair of the
reference illuminance and luminance of the reference image

based on the basic model.



