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1117111111 1 DESCRI PTI ON1111111011111 *G00002* Title of Invention: ENERGY
DEMAND PREDI CTI ON APPARATUS AND METHOD 5 Technical Field An

enbodi ment of the present invention relate to an apparatus d
predicting an energy demand of various facilities. 108ackgr3@ MI , mmwm
In recent years, prevention of global warm ng and reduction

envi ronment al | oads have received attentioh. For exanpte; -i-t—s*¥8énired to
make use of capabilities of apparatuses for energy saving, 150wma 7

i on. and
storage equipped in facility such as a building, factory, and m"uummmﬂ’m
to attain unwasted and effici entDehef gy RahajefentO N
attain energy managenent such as demand control, an accurate--energgoogenmand
prediction is 20required. As an exanple of the energy denand
prediction, a nethod of executingTihkeenérgyvdenand: predi cti on based on
i nformation includi ngNeReét PEBARDWEREDSEHESY HBBARARTUStBNPeMBETUPR, schedul e
(businesgaday, 25n0- busi ness day, or singularity), and the like is
avai | abl e.

Technical Field

An embodiment of the present invention relate to
an apparatus and method predicting an energy demand of
various facilities.

10 Background Art

In recent years, prevention of global warming and
reduction of environmental loads have received
attention. For examplie, it is required to make use of
capabilities of apparatuses for energy saving,

15 creation, and storage equipped in facility such as a
building, factory, and plant, so as to attain unwasted
and efficient energy management.

In crder to attain energy management such as
demand control, an accurate energy demand prediction is

20 required.

As an example of the energy demand prediction, a
method of executing the energy demand prediction based
on information including electric power usages,
weather, temperature, schedule (business day,

25 no-business day, or singularity), and the like 1is
available.

This conventional energy demand prediction uses,

for example, measurement values of physical sensors



Thi's conventional energy demand prediction uses, for exanple, neasurenent
val ues of physical sensors 2 such as a thernoneter, hygroneter,

illum nonmeter, and electric power data. However, when the energy demand
prediction is executed using only the neasurenent val ues of the 5physical
sensors, the accuracy does not often suffice. Sunmary of invention

Techni cal Probl em The embodi ment of 4he present invention have as an
obj ect to provide an energy demand prediction apparatus 10and net hod, which
i mprove an accuracy of an energy demand prediction. Solution to Problem
ILn an enbodi mertiCrart Serferig\e dHETE pr e0itanst apparldtudsi nosd tiedes &t | mage
analysis unit and a 15prediction unit. The inmge analysis unit generates
anal ysi s data iSl@%diltg RaW9%e4&Stt%ne of hunan information and environnent

information of a prediction target area based on i e data acquired by an
i mage sensor. The prefbciﬂec‘ﬁrdn “ﬁ}ﬁql T s ﬁ%ﬁ?ﬁ%ﬁgﬁt&%gf executi ng
an energy dena%%é%&%géndéyhf%ﬁﬁgf%%éw%%asurement values of the
5 ochysical sensors, the accuracy does not often suffice.
Summary of Invention
Technical Problem
The embodiment of the present invention have as an
object to prdvide an energy demand prediction apparatus
10 and method, which improve an accuracy of an energy
demand prediction.
Solution to Problem
In an embodiment, an energy demand prediction
apparatus includes an image analysis unit and a
15 prediction unit. The image analysis unit generates
analysis data including at least one of human
information and environment information of a prediction
target area based on image data acquired by an image
sensor. The prediction unit generates prediction data
20 by executing an energy demand prediction based on the
analysis data and an energy demand prediction model
generated using previous data corresponding to the
analysis data.
Brief Description of Drawings
25 FIG. 1 is a block diagram showing an example of an
arrangement of an energy demand prediction apparatus

according to a first embodiment;



" anal ysis data and an energy demand prediction nodel generated using

previ ous data corresponding to the analysis data. Brief Description of
Drawi ngs 25FIG 1 is a block diagram showi ng an exanpl e of an arrangenent
of an energy dermand prediction apparatus according to a first enbodi nent;
3 FIG 2 is a block diagram show ng_an exanpl e of an energy demand
prediction systemincluding the energy dendnd prediction apparatus
according to the first enbodinent; 5FIG 3 is a block diagram showi ng an
exanpl e of an environnment nodel generation unit and environnent anal ysis
unit according to a SE¢ond Efrbdddhewk;diagram shayingian epimrke dPhgam
showi ng an exanple of a hunman nodel generation unit and human anal ysis unit
10accordi ng t o NeFFY Ml EttiClaer system Anslupding Bt gtk i agr am
showi ng an exanpl e of an arrangenent of an energy demand predjction

appar at us accor W‘?oo%le‘%o?ﬁjt etRygt Ment . @ i i 'oh 9t€ Enbiodtl ment s
15Enbodi nents of gh . present invention will be described hereinafter with
reference to thé" a‘?i %rb%’. Not e that the sane reference nunerals denote the

same or nearly the sa C?”JP ”%“éfoéﬁ“&’i@?%% érﬁ‘&agﬁ?dngoﬂ??&’érgﬁlé”é‘i‘“ &?51 _a
description thereof wTl hot 20be given or a brie Scripti thereof wll
be given, and aqnly; diif&tencsse Mddndes deseribed diy det@ fonment
analysis unit accoﬁding to a second embodiment;
FIG. 4 is a block diagram showing an example of a
human model generation unit and human analysis unit
10 according to a third embodiment; and
FIG. 5 is a block diagram showing an example of an
arrangement of an energy demand prediction apparatus
according to a fourth embodiment.
Description of Embodiments
15 Embodiments of the present invention will be
described hereinafter with reference to the drawings.
Note that the same reference numerals denote the same
or nearly the same components throughout the
accompanying drawings, a description thereof will not
20 be given or a brief description thereof will be given,
and only differences will be described in detail.
(First Embodiment)
This embodiment will explain an energy demand
prediction apparatus, which analyzes image data
25 acquired by an image sensor to generate image analysis
data including at least one of human information and

environment information, which dynamically change in an



(FirTst Enbodiment) This enbodinment will explain an energy demand prediction
appar atus, which anal yzes i mage data 25acquired by an i nage sensor to
generate image anal ysis data including at | east one of human information
and environnent information, which dynamcally change in an 4 energy
demand prediction area, and executes an energy demand prediction based on
the i mage anal ysis data. Furthernore, in t hi s” enbodi ment, the ener gy demand
predi ction may be executed further using, for exanple, 5information such as
a tenperature, humdity, weather, schedule, electric power usages and the
like in additioP®BIY HeSTFRGL BRA1 §51 QN dated, and exqpiet eheryyeRpEnd

predi ction apparatus according to this enbodi nent accurately neasures, for
exanpl e, 10dat a9 STH AR EhVT T oPERR STRT Of et § oSt et + LS Ehef Y2 - and human
activity infor ion in an ener demand prediction area by anala/zi ng the

i mge data, thu Lt“é? SRRy alf’ aTtl? St PP gy dendE T edY cITBHCFIG 1 is
a bl ock di agraﬁ??@%{%ﬂgx%‘%"e‘a of & 1agrangement , of c fhe, energy demand
prediction apparatus accor |¥|g o This enbodi rent . 9 b
5 information such as a temperature, humidity, weather,
schedule, electric power usages and the like in
addition to the image analysis data.
The energy demand prediction apparatus according
to this embodiment accurately measures, for example,

10 data such as environment information, electric energy,
and human activity information in an energy demand
prediction area by analyzing the image data, thus
attaining an accurate energy demand prediction.

FIG. 1 is a block diagram showing an example of an

15 arrangement of the energy demand prediction apparatus
according to this embodiment.

An energy demand prediction apparatus 1 includes
an input control unit 2, processor 3, storage device 4,
and output control unit 5.

20 The processor 3 functions as an image analysis
unit 7, prediction unit 8, and device control unit 24
by executing a program 6 stored in the storage
device 4. Note that the image analysis unit 7,
prediction unit 8, and device control unit 24 may be

25 implemented by hardware in the energy demand prediction
apparatus 1.

The energy demand prediction apparatus 1 is



An 'ener gy demand prediction apparatus 1 includes an input control unit 2,
processor 3, storage device 4, and output control unit 5. 20The processor 3
functions as an inmage analysis unit 7, prediction unit 8, and device
control unit 24 by executing a program6 stored in the storage device 4.
Note that the inmage analysis unit 7, prediction unit 8, and device control
unit 24 may be 25i npl enented by hardware ip the ener gy demand prediction
apparatus 1. The energy demand prediction apparatus 1 is 5 connected to an
i mage sensor 9, infrared sensor 10, |aser sensor 11, neasurenent devices
121 to 12n, buiTUIRFERA dratdDniBYER i TEAS: O bulH i HE hoti o NP syst em)

13, and environnent managenent system (EMS) 14 5to be able to receive

various data asStGatTEI I hl an TGS HEIHaiE Pref ctd ot arked Furt her nore,
t he energy demand, prediction apparatus 1 is connected to an output device
15 and contror%%lr n%le%'l%%%a“zgcint%ysfﬁﬁ %‘Pesi rfﬁ‘b]el(g]&%d?o@‘i Rdes, for
exanple, a 10canera,. | mpge Gapturing device Vsl e cansrd, pudne ike.
5 to be able to receive various data associated with an
energy demand prediction area. Furthermore; the energy
demand prediction apparatus 1 is éonnected'to an output
device 15 and control target devices 251 to 25m.
The image sensor 9 includes, for example, a
10 camera, image capturing device, visible camera, or the
like.
The infrared sensor 10 includes, for example, an
infrarea camera or the like.
The laser sensor 11 measures a laser beam. The
15 laser sensor 11 includes, for example, a laser camera.
The devices 121 to 12n include, for example,
physical sensors such as a thermometer, hygrometer,
illuminometer, and electric power meter, and other
devices. The devices 121 to 12n acquire a temperature,
20 humidity, illuminance, electric power information,
weather information, schedule information, and the
like.
The BAS 13 controls, monitors, and manages
air-conditioning, heat sources, illuminations,
25 reception and transformation of electric energy,
disaster prevention, secugity, and the like in a

building.



The infrared sensor 10 includes, for exanple, an infrared camera or the

| i ke. The | aser sensor 11 measures a |l aser beam The 15| aser sensor 11

i ncl udes, for exanple, a |aser canera. The devices 121 to 12n

i nclude, for exanple, physical sensors such as a thernoneter, hygroneter,
illum noneter, and electric power neter, and other devices. The devices 121
to 12n acquire a tenperature, 20 humidity, ©illum nance, electric power

i nformation, weather information, schedule information, and the |ike.

The BAS 13 controls, nonitors, and manages air-conditioning, heat sources,
i llumnations, 25rec&pei BASahdl naamstoramt ¢onivfneéectof ctieneeyyradi sast er
prevention, security, and the like in a building. 6 The EMS 14
manages an enviGVhieRtPBPIt el @herkpfa demand prediction area. The
devices 251 to 25mincl ude devices as control targets such as
air-conditioner, |ightfngeues®ees !l shPihediPolBEE deSTEe’s 2urearhrati vi ng
devi ces, and thg Iikeé which are installed within the energy demand
prediction area-2t9°tS SHHR FhMAT CHRIGTLI R 2L ETht i CEhECST or age
device 4 10 st ] .data 16,. infrared imge data 10(infrared

measur erreStnt da%?lﬁ@r?g]gln‘dl? s%erv%cﬁsge LEIT e a%%%vh%%s(géveln%ﬁ’ dHt %) t%,

whi ch are respectjyelyn acqui &4 hye e d NROE SENSY SheddYf r@tReh gensor 10,

and | aser sensor 11.
prediction area.

The input control unit 2 controls the storage
device 4 to store image data 16, infrared image data
10 (infrared measurement data) 17, and laser image data
(laser measurement data) 18, which are respectively
acqulred by the image sensor 9, infrared sensor 10, and
laser sensor 11.
Also, the input control unit 2 controls the
15 storage device 4 to store device data 191 to 19n
acquired by the devices 121 to 12n.
Furthermore, the input control unit 2 inputs BAS
data 20 of the BAS 13 and EMS data 21 of the EMS 14,
and controls the storage device 4 to store these data.
20 The image analysis unit 7 executes analysis
processing for the image data 16, infrared image data
17, and laser image data 18 stored in the storage
device 4, generates analysis data 22 including human
information 22a and environment information 22b, and
25 stores the analysis data 22 in the storage device 4.
The image analysis unit 7 implements functions as a

human information generation unit 7a and environment



Al so, the input control unit 2 controls the 15storage device 4 to store
device data 191 to 19n acquired by the devices 121 to 12n.

Furthernore, the input control unit 2 inputs BAS data 20 of the BAS 13 and
EMS data 21 of the EMS 14, and controls the storage device 4 to store these
data. 20The inmage anal ysis unit 7 executes analysis processing for the

i mage data 16, infrared i nage data 17, and’l aser inmge data 18 stored in
the storage device 4, generates analysis data 22 including human
information 22a and environnent information 22b, and 25stores the anal ysis
data 22 in the storaye: devigsekatThe iwmge &mal ysis unit 7 inplenents
functions as a human infornation generation unit 7a and environnment

i nf ormati on gener at i e umiearypinformatighegigrant 1 ot oRdE | O eRERAES On
unit 7a extracts feature anmounts fromthe imge data 16, infrared i mge
data 17, and | aS@#t iR dts 198 omanth @ xEtid @ St chigni 11 b 6 cE83Ihg and
the li ke based on the extracted feature gnnunts and set criteria, thereby
generating the %nﬂnf@cﬁﬂ]ﬁ?ﬁf 2gyage data Hyye e §Hgitrati on 22a

i ncl udes ghe presence/ absence of ggﬁerson the %gq§r 0 ersons, a
f

10di stri but i on/'deRFLY- o e Pet s, 24 iout 1T Vity 'O the person
f cl j - - r.i b der,
an ampunt of ¢ &%}@H‘%éﬁﬁ fé&%ﬁf?{buﬁt?%ﬁé’n@éua&{ rd but e ({nl?%‘%%gen er

body type, body height, age, a position of e per'so di ng
position, seategpositi QN t1f! hna@hAfrmation 22a.

The human information 22a includes the
presence/absence of a person, the number of persons, a

10 distribution/density of the persons, an amount of
activity of the person, an amount of clothing of the
person, a personal attribute (name, gender, body type,
body height, age, etc.), a position of the person
(Standing position, seated position, etc.), and an

15 activity state (during office work, transfer,
conversation, and so forth) of a person in the energy
demand prediction area, personal specific information
of a person who is in the energy demand prediction
area, and the like.

20 The environment information generation unit 7b
extracts a feature amount from the image data 16,
infrared image data 17, and laser image data 18, and
executes recognition processing and the like based on
the extracted feature amount and set criteria, thus

25 generating the environment information 22b.

The environment inZormation 22b includes light

information such as an illuminance, amount of solar



15activity state (during office work, transfer, conversation, and so forth)
of a person in the energy demand prediction area, personal specific
information of a person who is in the energy denmand prediction area, and
the like. 20The environnment information generation unit 7b extracts a
feature amount fromthe image data 16, infrared image data 17, and | aser

i mage data 18, and executes recognition pré8cessing and the |ike based on
the extracted feature anount and set criteria, thus 25generating the

envi ronment i nformation 22b. The environnment information 22b

i ncludes |ight Fafozbmoionashthndsopenihg el pahee, ampoont ohcsdear 8
radi ati on, a blind opening/closing anount, incident state of sunlight, and
the like, |ayoustdhto?hetiohiglieh asdt Hee pkéksenckinbsenteforpeaidon, and
nunber of office devices, the |ocation and nunber of doorway and 5a_w ndow
of an office, afda FdcHLF A BFSRCCHAPHC Ehe 10CatiORs AN RURBRFsC6f heat
sources and pomg%fcons ning devices, weather information, and the |ike.

The prediction Ghftc8 @xbcuies the tAE? gy UeRBhd PrRAF cPfofi°Based BRdt he
anal ysis data 22, device 10data 191 to_19n, the BAS data 20, the EMS
data 21, gnd angeﬁégggwd%ha%% %?gﬁ?%ti%%dn%qg?éi%%%ﬁi% i%np?gghufg? stored
in the storage device,ds ang ﬂ&ﬂﬁé?&?&fp%&QtC%%Qchét§n§3%oJQ?n’ the

prediction unit 8 stores the prediction data In the storage device 4. In

15this way, usiBgnifigi f0ahys]Sedat fe22ndhi Che GRANYIESH, dypam cal Lyykn the
energy demand prediction, a flexible and accurate prediction can be

att ai ned. The energyedesandnpugdtcti oRcbvdel tBcgenergl,edehasad on
previ ous data including previous anal ysis data

prediction based on the analysis data 22, the device

10 data 191 to 19n, the BAS data 20, the EMS data 21, and
an energy demand prediction model (prediction formula)
stored in the storage device 4, and generates
prediction data 23. Then, the prediction unit 8 stores
the prediction data 23 in the storage device 4. 1In

15 this way, using the analysis data 22 which changes .
dynamically in the energy demand prediction, a flexible
and accurate prediction can be attained.

The energy demand prediction model is generated

based dn previous data including previous analysis data

20 22, previous device data 191 to 19n, previous BAS data
20, and previous EMS data 21, and a previous energy
consumption amount corresponding to this previous data.
Using the energy demand prediction model, a future
energy (electric power) demand prediction can be

25 executed.

The device control unit 24 executes control

processing for the control target devices 251 to 25m



2022, previous device data 191 to 19n, previous BAS data 20, and previous
EMS data 21, and a previous energy consunption anpunt corresponding to this
previ ous data. Using the energy demand prediction nodel, a future energy
(el ectric power) demand prediction can be 25executed. The device control
unit 24 executes control processing for the control target devices 251 to
25m 9 associated with the energy demand p?edi ction area based on the
prediction data 23, the human i nformati on 22a and envi ronnent information
22b in the analysis data 22, the device data 191 to 19n, and control
setting 5data Z6°%oraced iiHe Storeperdevieeand pred yenttatesceom ol data
27 including at | east one of control instructions and control val ues for
the devices 251°% o-PHRTaheh: 1 ¢heddfevice comt rivimami tnDAreiotes 442 control
data 27 in the storage device 4, 10ln this case, the contyol,K setting data
26 incl udes i no?@f?ﬁfgflﬁ%ré?e?%fjo?%r?%?ﬁoq n%ﬁak?/ijo‘”uatfh%t"[”f‘? € a‘i’i"a? and

i ndi vidual confort state informatio f, persons. Also, the control setting
data 26 incl udejs)g’co ?o(fe%(’f%e%a r&e]gpbcgd{% 1R I?'ltlé%fi%%t“sjt%?es (an

ti 1 it to-h th it d, ' Kk k,
act] on 19gens] 148 U0 NAleed Ay SANSLILVgd QL e 00l o T4 O e ok vor

control unit 24 genesates:4 he; conttals datd 2y based ont he,pregi ction data
23, so that an energy demand fall within a predeterm ned val ue

instructions and control values for the devices 251 to
25m. Then, the device control unit 24 stores the
control data 27 in the storage device 4.

10 In this case, the control setting data 26 includes
individual user infermation, individual attribute data,
and individual comfort state information of persons.
Also, the control setting data 26 includes control
values corresponding to human action states (an action

15 sensitive to heat, that sensitive to the cold, during a
desk work, during stand talking, during walking).

For example, the device control unit 24 generates
the contrel data 27 based on the prediction data 23, so
that an energy demand fall within a predetermined value

20 range. Thus, energy saving, creation, and storage can
be attained.

Rlso, the device control unit 24 may generate the
control data 27 for the devices 251 to 2bm based on the
humanr information 22a in the analysis data 22, and the

25 control setting data 26 including the user information,
attribute data, individual comfort state information,

and control values corresponding to personal actions,



20r-ange. 'Thus, energy saving, creation, and storage can be attained.

‘Al'so, the device control unit 24 may generate the control data 27 for the
devices 251 to 25m based on the human information 22a in the anal ysis data
22, and the 25control setting data 26 including the user information,
attribute data, individual confort state information, and control val ues
correspondi ng to personal actions, 10 whith are stored in the storage

devi ce 4. The device control unit 24 identifies an individual based
on the human informati on 22a, and generates the control data 27 for
practicing a confibeh Sstaseosed forthdistondpeideaiceénithe control setting
data 26. For exanple, the device control unit 24 may generate the contro
data 27 for practici RgecBavier sentfot whétaédfi dAcBEAFé&ePFnakhe control
setting data 26 based on_the human action state (an action sensitive to 10
heat, that senstRf¥BLIE62tne2e8 dON dult® Ny B BeskE WOFKT 1 efir £ g sR@ARd t al ki ng,

during wal king) included in the hunfn infOéﬂaéion 22a. . . The

out put control FATTT BBt pUT sCORE Pt eTFER Af P53 hE Var f oue"bther data
stored in the storage lbdevice 4 to the.output device 15 .

Furt her not e, th%t%ﬁgpﬁ?“cgﬁfr%T*%n% - Vb%?%gtént %ec%%??b?ld%?%t29gstored

in the storage gdevicesd tg,Lhe, i&?stgé1d£9'8én&oJP§093ﬁﬁy£ sevihge 15

. . 1
i ncl udes, for exanple, a 20display device, audi o output device,
communi cation generate the control data 27 for practicing control set

for the action state in the control setting data 26
based on the human action state (an action sensitive to

10 heat, that sensitive to the ccld, during a desk work,
during stand talking, during walking) included in the
human information 22a.

The output control unit 5 outputs the prediction
data 23 and various other data stored in the storage

15 device ¢4 to the output device 15.

Furthermore, the output control unit 5 outputs the
control data 27 stored in the storage cdevice 4 to the
devices 251 to 25m.

The output device 15 includes, for example, a

20 display device, audio output device, communication
device, and the like,.and displays, audibly outputs,
and transmits the prediction data 23 and various other
data.

The devices 251 to 25m operate based on the

25 control data 27. The devices 251 to 25m include, for
example, alr-conditioners, lighting devices, blind

driving devices, and the like.



device, and the |like, and displays, audibly outputs, and transmts the
predi ction data 23 and various other data. The devices 251 to 25m operate
based on the 25control data 27. The devices 251 to 25minclude, for

exanpl e, air-conditioners, |lighting devices, blind driving devices, and the
like. 11 FIG 2 is a block diagram showi ng an exanpl e of an energy
demand prediction systemincluding the enerlgy demand prediction apparatus 1
according to this enbodi nent. 5l nage sensors 91 and 92 are installed
respectively for energy demand prediction areas 281 and 282. The inage
sensors 91 and 92 arElfnstalbed bhockodiegaapl ehoainei anngxafran of féee or
an outdoor, and capture images of the office. The image sensors 91 and 92
may 10i ncl ude aSW¢E9Y| deRamBrRas et bpeds cah®r alnahddihe ThikeSnNehHge data
16 acquired by the inmage sensors 91 and 92 are stored in a nenory area,
which is prepar@ddpd davanhtet i ThedPrabrt dfhal y3FSOEmMt 89 769f Cahs i mage
processi ng server Zg.analyzes the captured i nage data 1516 to generate the
human i nf or mat i SAP22H"GRY" envi ronnent i nformation 22b. The irmage processing
server 2%5transnitshégg huggg ig;oggatg nggZavandngggiiggngng ég orn tion
22b to the BAS 13. {29t hat "t he®f ancti'ons of "The' T nageanafy8fs unit’ 7 may

be for energy demand prediction areas 281 and 282. The

image sensors 91 and 92 are installed on, for example,
a ceiling of an office or an outdoor, and capture
images of the oZfice. The image sensors 91 and 92 may

10 include a visible camera, infrared camera, and the
like. 1Image data 16 acguired by the image sensors 91
and 92 are stored in a memory area, which i1s prepared
in advance. The image analysis unit 7 of an image
processing server 29 analyzes the captured image data

15 16 to generate the human information 22a and
environment information 22b. The image processing
server 29 transmits the human information 22a and
environment information 22b to the BAS 13. Note that
the functions of the image analysis unit 7 may be

20 included in the image sensors 91 and 92. In this case,
the need for the image processing server 29 can be
obviated.

The BAS 13 executes generating the prediction data

23 by the predicition unit 8 and device controlling by

25 the device control unit 24 using the human information
22a and environment information 22b, in addition to

building management.



20i'ncluded in the image sensors 91 and 92. In this case, the need for the

i mage processing server 29 can be obvi at ed. The BAS 13 executes
generating the prediction data 23 by the prediction unit 8 and device
controlling by 25the device control unit 24 using the human information 22a
and environnment information 22b, in addition to building management. 12
For exanple, the prediction unit 8 execut &< t he ener gy demand prediction
based on the human informati on 22a and environnent information 22b, the
device data 191 to 19n from ot her devices 121 to 12n, and the BAS 5data 20
which is used by thefBASHZ KRy | Wt oferd Hevi e Rt st ateCUe=ctid ¢ pover
usages, and the like. . Note that the buil di ng managenent such as OK/ NG
daemﬁnmim1ﬁm¥%m%W%HHﬁf¢%ﬂ9%@%ﬁﬁ@?d%%ﬁ%ﬁ%&%@%%%vqhe
prediction unit f may be executeq_g%1%0another f nmput.er in place of the BAS
13. The deWit ¢ Eont T ol bt P TS TN viuat s Wio W st ayi ng

in the energy degpnd, pradi stion areas, 281 and 282 ased on ghe,

i nformation 22a.” ‘Al 50, evice contro 4" specifies states

(sensitive 15t g heatyp sansifive (9408, cold sl crd and actiens (duing a

desk work, during stand talking, during wal king, etc.) of 1ndividuals based
on the human i nf&s natd @ik 228 e FtF i esdme e, ud e deviee eontrole Unit 24

executes device control which matches attributes, 20states, actions, and
favors of respectivendtdi mhgtiatise building management such as OK/NG
determination of a human action, and the energy demand
prediction by the prediction unit 8 may be executed by
10 another computer in place of the BAS 13.
The device control unit 24 specifies individuals
who are staying in the energy demand prediction areas
281 and 282 based on the human information 22a. Also,
the device control unit 24 specifies states (sensitive
15 to heat, sensitive to the cold, etc.) and actions
(during a desk work, during stand talking, during
walking, etc.) of individuals based on the human
information 22a. Furthermore, the device control unit
24 executes device control which matches attributes,
20 states, actions, and favors of respective individuals
based on attribute information and favor information of
the individuals set in the control setting data 26.
The control data 27 obtained as a result of the
device control is transmitted to, for example, the
25 control target devices 251 to 25m such as
air-conditioners, lighting devices, blind driving

devices, and the like.



based on attribute information and favor infornmation of the individual
in the control
result of the device control is transmtted to, for exanple, the 25control
target devices 251 to 25m such as air-conditioners, |ighting devices,
driving devices, and the like. 13 In the aforenentioned energy demand
predi ction apparatus 1, an energy denmand dﬁ%diction nodel i-s generated
be able to predict an energy denand based on the human information 22a and
envi ronment S5information 22b in addition to information including the
el ectric power usages} Weathéprenenpbeatdrencsghedemand bpsehbssiday,
no- busi ness day, or singularity), and the |ike. The energy denand
predi cti on nodetPRET I T t L upPAoeRFFEY stetind i RE¢d bt et TR beSed on
previ ous dat a, derivatign§ of regression expressions for the @ievious

use of physics O ES

predi ction base

in 15real

to the previ ous; dala, sxecit 2o, f Ul Ul & SN0V delRad, pledlel] pls,paged ©

state data o

act ual

time.

setting data 26. The control data 27 obtained as

baS €E 0P et i RECIER FheePFRAY ¢ore

d on the energy.demand prediction nodel is accurately d
e P D BRI T S CE1 i WodR BT 0wt h refer

energy demand predi ct1on areas

S set
a

bli nd

to

dat a,

dfpt el the

one
ence
n

. Note

that in this enbodidents rimmge,&nal yshss Usgs,20dat a- agoui £ ed-by the imge

infrared sensor

sensor

9,

10

15

20

25

schedule (business day, no-business day, or
singularity), and the like.

The energy demand prediction model is built up
using statistical predictions based on previous data,
derivations of regression expressions for the previous
data, use of physics formulas based on theories, and
the like. For example, the prediction based on the
energy demand prediction model is accurately done in
real time. The energy demand prediction model built up
with reference to the previous data executes future
energy demand predictions based on actual state data ot
the energy demand prediction areas 281 and 282.

Note that in this embodiment, image analysis uses
data acquired by the image sensor 9, infrared sensor
10, and laser sensor 11. However, all of these data
need not always be used. That is, arbitrary one of the
image sensor 9, infrared sensor 10, and laser sensor 11
may be installed. Alternatively, two or more Sensors
for at least one type of the image sensor 9, infrared
sensor 10, and laser sensor 11 may be installed.

Alternatively, data acquired by another sensor such as



10, and | aser sensor 11. However, all of these data need not always be
used. That is, arbitrary one of the inage sensor 9, infrared sensor 10, and
| aser sensor 11 may be installed. Alternatively, two or nore sensors 25for
at | east one type of the inmage sensor 9, infrared sensor 10, and | aser
sensor 11 may be installed. Alternatively, data acquired by another sensor
such as 14 a therno sensor (heat source skhsor) may be used in inmage

anal ysis. Alternatively, one or a plurality of acquired data may be

sel ected and used in image anal ysis. 5A practical exanple will be expl ai ned
bel ow. In this @nbodimensensdre huean sofoceasenmnolPanay genesadednmai nly
using the image sensor 9, and correspondence processing to a demand
response (for ekaapteanahyeher gyrtorsuapivehyreduetéonaretuestityonfa power
conpany) and 10demand prediction are executed based on this human

i nformati on 2228CEyl Eont fakE , NForoexamptet ed henhunaddi At ofhadfon 22a may be
generated using a therno sensor, |laser sensor 11, a sensor detecting a
presence of per3donlbasdd on a technol ogy, and the human information 1522a

may be usgd_in_the c%rresggndgpce ro esain fto thelgenagd r espons and
demand prediction. I Ph8 foEn%ﬁgT%;ﬁd éhgoa?n%ﬁP,_%ﬂ% eR8$§§ derdind is
D o Lo Daerk B0 ORI LI ZERcaaR T sorenL SfgLyeion.
191 to 19n mainly using the image sensor 9, and correspondence
processing to a demand response (for example, an energy
consumption reduction request from a power company) and
10 demand prediction are executed based on this human
information 22a. By contrast, for example, the human
information 22a may be generated_using a thermo sensor,
laser sensor 11, a sensor detecting a presence of
person based on a technology, and the human information
15 22a may be used in the correspondence processing to the
demand response and demand prediction.
In the aforementioned embodiment, The enérgy
demand is predicted based on the human information 22a
and environment information 22b generated basec on the
20 image data 16 in addition to the device data 181 to 1Sn
acquired by the device sensors 121 to 12n. Thus, the
prediction accuracy can be improved.
Also, using the image sensor 9 and image analysis
unit 7, the number of pieces of effective information
25 used 1n the energy demand prediction can be increased
without installing sensors of various other types, and

information which changes dynamically can be



acquired by the device sensors 121 to 12n. Thus, the prediction accuracy
can be inproved. Al so, using the inage sensor 9 and i mage anal ysi s
unit 7, the nunber of pieces of effective information 25used in the energy
dermand prediction can be increased without installing sensors of various
ot her types, and information which changes_dynamcally can be 15
effectively used in the prediction, thus a%%aining a cost reduction.

In this enbodi ment, the device control which matches an attribute of a
recogni zed individual and 5reflects a personal favor can be executed based
on the device daf&®%91veey19acdhlifmhlPnPErPAAET bANR2BNUEBNIEFBARBRE 2
information 22b, and control setting data 26. In this enbodi nent, accurate
and pl enitude daPat iBERGEIPE; the analysis data 22, device data 191 to

19n, BAS data 20, and EMS.data 21.can be used as the previous .data and
actual state data. | ntggéseﬁBBS%ﬁ@ﬁpF’tﬁgea8gﬁﬁﬁ?ec8ﬁgfﬁ§ gﬁﬁﬁd

D o ke PP R YA, B LLeEBhL a0 "V, 585, Lgperature
5 reflects a personal favor can be executed based on the
device data 191 to 19n, human information 22a,
environment information 22b, and control setting
data 26.
In this embodiment, accurate and plenitude data,

10 that 1s, the analysis data 22, device data 191 to 19n,
BAS data 20, and EMS data 21 can be used as the
previous data and actual state data.

In this embodiment, the accurate energy demand
prediction model can be built up using information such

15 as a temperature and humidity, which are measured using
physical sensors such as the device sensors 121 to 12n,
electric power information such as electric power
usages of the devices 231 to 25m in the energy demand
prediction area, and the human information 22a and

20 environment information 22b acgquired based on the image
sensor 9.

In this embodiment, the energy demand prediction,
which can maintain an optimal energy balance, can be
executed at year-, month-, day-, hour-, or

25 second-intervals or in real time.

In this embodiment, the energy demand prediction

can be executed for various energy demand prediction



physi cal sensors such as the device sensors 121 to 12n, electric power
informati on such as electric power usages of the devices 231 to 25min the
energy demand prediction area, and the human information 22a and

20envi ronnent information 22b acquired based on the inage sensor 9.

In this enbodi ment, the energy demand prediction, which can maintain an
opti mal energy bal ance, can be executed aﬂf&ear-, nont h-, day-, hour-, or

25second-intervals or in real tine. In this enbodi ment, the energy
demand prediction can be executed for various energy demand prediction 16
areas 281 and ZBZ&ucH asnd AT dYR) 3 coruiktiens, BhPronesteas, I'n

this enbodinent, the electric power information can be neasured or acquired
by the BAS 13 Gi"%®I%&¥§9c Spower neter. Furthernore, in this embodi ment,
el ectric power use 3§$t s. of the respective devices can be estimted for

the respective ener FPIHR on el P81 AndP242r bR EY BA 2?1 | east

one of the human informati on 22a and envi nment i rmation 22b. In
Ca %e easure or cgu Y‘Q({% q’% % e ctric
10response to a d%nandnresponse, the déViceféd% o n Y4 Setects” a

devi ce, Whi ch i5, 0L ridt dise byl Whose, Rover, Suppl Vodss. O hased, on, {he

i mge data 16 fromthe 1 nmage sensor urn o e ‘power supply of

the sel ected deydwes. Jerafpres dmn i seeyfhadi nritye dotde deayige control
unit 24 can flexibly executes control for the demand response.

estimated for the respective energy demand prediction
areas 281 and 282 based on at least one of the human
information 22a and environment information 22b. In

10 response to a demand response, the device control unit
24 selects a device, which is not in use but whose
power supply is ON, based on the image data 16 from the
image sensor 9, and can turn off the power supply of
the selected device. Therefore, in this embodiment,

15 the device control unit 24 can flexibly executes
control for the demand response.

(Second Embodiment)

This embodiment will explain the environment
information 22b according to the first embodiment more

20 practically.

As described above, the environment information
22b includes light information such as an illuminance,
amount of solar radiation, blind opening/closing
amounts, and incident amount of sunlight, layout

25 information such as the presence/absence, locations,
and number of office devices, the numbers and locations

of doorways and windows, and a location of a path, the



(Second Enbodi nent) Thi s enbodinent will explain the environnment
informati on 22b according to the first enbodi nent nore 20practically.

As descri bed above, the environnment information 22b includes |ight

i nformation such as an illum nance, amount of solar radiation, blind
openi ng/ cl osi ng amounts, and incident amount of sunlight, |ayout

25i nformati on such as the presence/absencé¥7Iocations, and nunber of office
devi ces, the nunbers and | ocati ons of doorways and wi ndows, and a | ocation
of a path, the |ocations and nunbers of heat sources and power consum ng
devi ces, weat hekCGaif op @t doh, namekR 1heof | keat Theurews romtrepewéenf or mati on 22b
can be acquired by anal yzing the inage data 16 of the inage sensor 9 5
installed i n arf BIFYeeRd FéVes@Tml Eea iRy | | 1 oA Tante camBetkal Eikat ed by
setting, in advance, a |lum nance distribution on the inmage data 16 of a
certain obj ect UHIET™ Gt Ve edndi?§ OMee £ 1o frahced ! eVl RCAEEHRHI PY t o

illum nance levels are stared. in acgggabf e gased on a 10change_in
| umi nance on t H&'% "Yat'y 18 "tHuset by g hange PRA9T 1P PANce, and i mage

sensor pay anet ers,. Learding of apdating of illugl pance, cal cula] ops. are
made using illumnance anc | Ui Mance 1evels Stored in the database: - As for

a blind, the endqqiurent) o id Qf iy 10 gener af b ol Lo 7b, 1 G000k 285 a

| ocation of the blind by means of “obj ect recognition or the image data 16
or manual inputsistieitide GNWHONRM i fof MaEi on generationopits 7b

detects a change of the blind in the inmage data 16, and recogni zes a
20openi ng/ cl osiurgicanogit e raneb opiedi a1gé €l oskmpn angd €1 Ofe1deaccording to

illuminance levels are stored in a database based on a

10 change in luminance on the image data 16 caused by a
change in illuminance, and image sensor parameters.
Learning or updating of illuminance calculations are
made using illuminance and luminance levels stored in
the database. As for a blind, the environment

15 information generation unit 7b recognizes a location of
the blind by means of object recognition for the image
data 16 or manual inputs. Then, the environment
information generation unit 7b detects a change of the
blind in the image data 16, and recognizes a

20 opening/closing amount and opening/closing angle of the
blind. The state, opening/closing amount, and
opening/closing angle of the blind calculated from the
image data 16 are stored in a database. Learning or
updating associated with recbgnition of the

25 opening/closing amount and opening/closing angle of the
blind is done using the blind state, ovening/closing

amount, and opening/closing angle of the image data 16,



bl i'nd. The state, opening/closing anmount, and openi ng/cl osing angle of the

blind calculated fromthe image data 16 are stored in a database.

Lear ni ng

or updating associated with recognition of the 25openi ng/cl osing anount and
openi ng/ cl osing angle of the blind is done using the blind state,

openi ng/ cl osi ng anount,
which are stored in the database.

of an office device, the nunber of office devices, and office |ayout
information are obtained by executing recognition 5 processing of an

obj ect such as
representative

whi t eboard, etc.) isTRecBgpfreeds(3ppgnacneadutedeht obf canabbpéELcshape, a
relati onship of ' an object layout, or 10a |learning technique, A direction

Wwii¢kea Gevicerathdin hien¢i ketabashe i nage data 16. The

and openi ng/cl osing angle of the inage data 16,
presence/ absence and | ocation

18

of fice device (desk, chair, display, PC, printer, partition

and a size of t#eVbbfect!f MRSt nalye® tat & 185 thahge ePentr hg® oh? KUt
positional relationship. between the igggg sensor 9 and the ogLect. The

envi ronnent i nfof AT O Fent at PNt 1

b abSorbs"Suthic@¥hang® and

cor rect] v, recogi Zes. 151 e, pbl ecto ysing. yag i ous. L earni ng,t eghn gueg and the

i ke. Thus, a

nme of ,” for exanp a | ayout changé of an of

the like, the negd.fog thie Hﬁgéet&bﬁﬁnﬂél'YTEQPP%$£Q§8£P§{%g@cgﬁﬁigé

obvi at ed, and the environnent information generat

on unit

20i nst ant aneousdyv oRdl ast opRtEcal Ly HL6990) Zep@, NEW hayPUtpaFherisRge
sensor 9 can be installed outdoors. The environnent information generation

unit 7b can gengtbt€byead hestd Nf of et éOBgn spad i @b indf oriv@ssepeména dai | di ng

to be anal yzed,
anal yzing the i

and layout information of a 25surroundi ng buil di ng by
amgebTlata ditapd, therolddoonsnBb sof dheoleiwet ohapott, or

informati on generation unit 7b can generate information such as a

10

15

20

a learning technique. A direction and a size of the
object in the image data 16 change depending on a
positional relationship between the image sensor 9 and
the object. The environment information generation
unit 7b absorbs such a change and correctly recognizes
the object using various learning techniques and the
like. Thus, at the time of, for example, a layout
change o¢f an office or the like, the need for the user
to manually input information can be obviated, and the
environment information generation unit 7b can
instantaneously and automatically recognize a new
layout. The image sensor 9 can be installed outdoors.
The environment information generation unit 7b can
generate weather information, spatial information of a
building to be analyzed, and layout information of a
surrounding building by analyzing the image data 16 of
The ocutdoor. Also, the environment information

generation unit 7b can generate information such as a

I ce or



19 longitude and | atitude of a nmeasurenent place, and a direction of a
buil ding to be neasured based on a positional relationship with the sun or
stars. Various kinds of information included in the 5environnent
information 22b may be able to be acquired fromvarious dedi cated sensors.
However, by acquiring various kinds of information by analyzing the inmage
data 16 obtained by the inmage sensor 9, siltte the need for installing

i ndi vi dual dedi cated sensors can be 10obvi ated, a cost reduction can be
achieved. O the environnent information 22b, the |ayout information,

weat her informatdom tasel ahe ldketedn b2 acuyedsedemten pheyearendmaual |y

i nput by a user. However, using the inage sensor 9, these pieces of

i nformation cardbecdbbeyud® e Bl F@ang t i orede tihessobyd aveped t e meed of
user's nmanual inputs, The environnment information generation unit 7b
can cal cul ate arfdSEstPMat e£eLRt1MeSetRi ¥ ohhente | Fitor fat FoRT22b, a
measurenent value at_a certajip poing, . a 20neasureneni value within a

desi gnated range, a Vaft@*of “&'WhoPe +BOATMATVATR ue"of Vdedhote FFoor, and a

value of & wholg puilding. FIG. 3,052 block digoram showing an exarple of
an environnment nodel generati on uni and envitonnent 25 ana VEL uni

oo g L0 TP o e Lo o ALYy sogpEDEn
various kinds of information by analyzing the image
data 16 obtained by thé image sensor 2, since the need
for installing individual dedicated sensors can be

10 obviated, a cost reduction can be achieved. Of the
environment information 22b, the layout information,
weather information, and the like can be acquired when
they are manually input by a user. Howeve;, using the
image sensor 9, these pieces of information can be

15 acquired in real time, thus obviating the need of
user's manual inputs.

The environment information generation unit 7b can
calculate and estimate, as the environment information
22b, a measurement valiue at a certain point, a

20 measurement value within a designated range, a value of
a whole room, a value of a whole floor, and a value of
a whole building.

FIG. 3 is a block diagram showing an example of an
environment model generation unit and environment

25 analysis unit according to this embodiment. Note that
FIG. 3 mainly shows components which are not shown in

FIG. 1 above.



20 - The processor 3 executes the program 6, which is not shown in FIG
3, thereby inplenenting functions as an environnent nodel generation unit
30 and environnent analysis unit 31. 5The environnent nodel generation unit
30 generates an environnent nodel 32 of an energy demand prediction area
usi ng a nodel automatic generation technigye (for exanple, a nodel
automatic generation tool) based on the emfi ronnent information 22b stored
in the storage 10device 4. For exanple, the environnent nodel 32 represents
a feature and characteristic of the environnent. Then, the environnent
nodel generation unitNBELEIGTLICL he SHRGHondree el rBR ¢ n wihickt bs age
device 4. 15The environment analysis unit 31 executes restoration of a

t hr ee- di nensi ot s g5t iat i bn die R enperlanae dm Hnadians as
estimati on of heat and wind, air-conditioning sinulation, and the |like
based on the eff rRPe™ it "SRl ARNYetert e dnvit Gt R oIS s

data 33. Then, th enviroan analysis unit 31 stores the environnent
anal ysi s data 339 %%ﬁa%ﬂ%)g%b‘device 4. The output control

unit 5 ouputs the W&nrﬁgp@m yﬁééﬁﬂﬁ%kg@aé%% h?nlo*“t?c?‘th%é’r?é@g@esw’

whi ch i s not 25shown i S enbodi nent, envi r onnent

model 32 is buidd diphasedon dde ey IR dAV Qs TRIIAN 320q A0 021

restoration of the three-di nensional space, esti tenperature
and hum dity, estdamatdony of featl and wadc aldncandidd Odud}gqjsqrdgﬂ atdon, and
the |ike can be executed based on the environnent nodel 32. 5The
envi ronment i nfaramilicon 22pdey dedised ¢ Nyaosrd Miadn aboll t bakard as ki nds
of information (for exanple, indoor and outdoor tenperature and hum dity
val ues, a w nd Speethvia GO rconceni et i o Aatdierredtin )t lee i gethdy
normal sensors, and information from
10 device 4. For example, the environment model 32
represents a feature and characteristic of the
environment. Then, the environment model generation
unit 30 stores the environment model 32 in the storage
device 4.
15 The environment analysis unit 31 executes
restoration of a three-dimensional space, estimation of
a temperature and humidity, estimation of heat and
wind, air-conditioning simulation, and the like based
on the environment model 32, and generates environment
20 analysis data 33. Then, the environment analysis unit
31 stores the environment analysis data 33 in the
storage device 4.
The output control unit 5 outputs the environment
analysis data 33 to the output device 15, which is not
25 shown in FIG. 3.

In this embodiment, the environment model 32 is

built up based on the environment information 22b, and



10t'he BAS 13. Furthernore, the environnment information 22b can inprove the
measur enment accuracy using the human information 22a. The environnent

anal ysis unit 31 of this 15enbodi nent may predict a condition of another
floor froma condition of one floor based on the environnent information
22b. (Third Enbodi nent) This enbodiment will explain the human information
2022a according to the first enbodi nent note practically. As

descri bed above, the human informati on 22a includes information such as the
presence/ absence of the person or the nunber of persons, the distribution,

t he anount of ac¢$svorytiohechnpunttiofeetdtheémgionde 25atceri bat emé nane,
gender, body type, body height, age, etc.), the position (standing

posi tion, seatedf posetionceertu)e amd theldetyvieytsnateofobfi beatworkd 22
transfer, conversation, etc.) of the person in the energy demand prediction
area. The human”imfor#b¥TeP2DE: PB1RE ot FetR bioanat§2i hiaSt hekenage Hata 16
of the image sensor 9 installed in an office. The hunman_5i nformation
generation uni tS¥aCeXTHa22ESA Mot tioh DRV pRPeDdh By Rhaf9zi ng a change in
Iuninancgiin time anghg spati al direct%og oL.the %gage,d ta 16d The human

i nf or mati'on generati oA uRi ¥ - 72 T'aRht I P 88™At h2P son° afidY ahot HeF Jobflect, and

identifies its ggﬁﬁfgagpgnbﬁfgﬁi5grious kinds of information {(for

example, indoor and outdoor temperature and humidity

values, a wind speed, a COp concentration, weather,

etc.) acquired by normal sensors, and information from
10 the BAS 13.

Furthermore, the environment information 22b can
improve the measurement accuracy using the human
information 22a.

The environment analysis unit 31 of this

15 embodiment may predict a condition of athher floor
from a condition of one floor based on the environment
information 22Db.

(Third Embodiment)

This embodiment will explain the human information

20 22a according to the first embodiment more practically.

As described above, the human information 22a
includes information such as the presence/absence of
the person or the number of persons, the distribution,
the amount of activity, the amount of clothing, the

25 attribute (name, gender, body type, body height, age,
etc.), the position (standing position, seated

position, etc.), and the activity state (office work,



10A target to be identified by the human i nformation generation unit 7a is
stored in a database, and a |earning technique is applied to the
identification by the human information generation unit 7a. The human
information generation unit 7a can 15cal cul ate and estimte, as the human
information 22a, a neasurenent value at a certain point, a measurenent
value within a designated range, a val ue of2 a whole room a value of a
whol e floor, and a value of a whole building. 20FIG 4 is a bl ock di agram
showi ng an exanpl e of a human nodel generation unit and human anal ysis unit
accordi ng to thisaepbodi neenve:Npieiohate ™ G 4f neial yeshomsiconpoenent s,
which are not shown in FIG 1 above. The processor 3 executes the program
6, which is 25noteBhovireTaNE| R edi ci e ebyed npl Brenthgn f UhEPFBASIAR a
human nodel generatjon unit 34 and hupan anal ysis unit 35. 23 The
human model genefat DM red e at ¥%1 39 htini fdre| da362i ko anf ehe? gy
demand prediction area usipqaa.nnq§£ qgtonatic generation t echni que based
on the human int'd7%ati I P2a stbied 170t He 3¢ or hgkcSdevi 28 AUM#Rr exanpl e,

(he e, e AR EREIL B SR G, AL ST AL B oLl 6 Bl BT On

storage device 4. -Jhe HUNBL ANALYSTS UL o35 eXEGHE 85,80 2500 and a
spatial direction of the image data 16. The human
information generation unit 7a identifies a person and
another object, and identifies its action and behavior.

10 A target to be identified by the human information
generation unit 7a is stored in a database, and a
learning technique is applied to the identification by
the human information generation unit 7a.

The human information generation unit 7a can

i5 calculate and estimate, as the human information 22a, a
measurement value at a certain point, a measurement
value within a designated range, a value of a whole
room, a value of a whole floor, and a value of a whole
building.

20 FIG. 4 is a block diagram showing an example of a
human model generation unit and human analysis unit
according to this embodiment. Note that FIG. 4 mainly
shows components, which are not shown in FIG. 1 above.

. The processor 3 executes the program 6, which is

25 not shown in FIG. 4, thereby implementing functions as
a human model generation unit 34 and human analysis

unit 35.



10prediction of a person and air-conditioning and |lighting simulations
according to the action of the person based on the human nodel 36, and
generates human anal ysis data 37. Then, the human analysis unit 35 stores
the human anal ysis data 37 in the storage 15device 4. The out put
control unit 5 outputs the human analysis data 37 to the output device 15.
In this enbodi nent, the human nodel 36 in 2he energy denmand prediction area
is built up based on the 20hunman information 22a, and the action
prediction, the air-conditioning and lighting sinulations according to the
action of the personThandunhe hpKelcganbeaexeoutedtbddedeorreheshanan node
36. The human information 22a may be used in 25 conbination with

i nformation frommabunddehg3central eaparypriagasygspeafientpy/ heagve
managenent system and security system 24 . Furthernore, the human

i nformati on 22ate8nd i frpfevel t Akt aBatiFfeAeReractoratychsiayget hasedvPPonnent
information 22b. The human anal ysis unit 35 according to this 5enbodi nent
may predict a condiR¥BH: of "ANERREIOR| 667 FFORTE éBnH%?iéEOBFgéne floor in

aSSOCIatlgn m‘tg the hEﬁBHFéPfggg%EigP g%g'human model 36 represents a

evice
feature and characteristic of a person. Then, the
human model generation unit 34 stores the human model
36 in the storage device 4.
The hﬁman analysis unit 35 executes an action
10 prediction of a person and air-conditioning and
lighting simulations according to the action of the
person based on the human model 36, and generates human
analysis data 37. Then, the human analysis unit 35
stores the human analysis data 37 in the storage
15 device 4.
The output control unit 5 outputs the human
analysis data 37 to the output device 15.
In this embodiment, the human model 36 in the
energy demand prediction area is built up based on the
20 numan information 22a, and the action prediction, the
air-conditioning and lighting simulations according to
the action of the person, and the like can be executed
based on the human model 36.
The human information 22a2 may be used in
25 combination with information from a building central
monitoring system, entry/leave management system, and

security system.



(Fourth Enbodi nent) Thi s enbodi ment will explain

nodi fications of the 10first to third enbodi nents descri bed above.

FIG 5 is a block diagram showi ng an exanpl e of an arrangenent of an energy
demand prediction apparatus according to this enbodinent. FIG 5 mainly
shows only conponents which are not shown in FIG 1 above. 15The processor
3 executes the program 6, which is not shath in FIG 5, thereby functioning
as a nodel selection unit 38, coefficient correction unit 39, updating unit
40, data replenishnment unit 41, and singularity determ nation unit 42.
These units will be Podesernped, behowrupapdenfSehettponZni caggimprove The
storage device 4 stores a plurality of energy demand prediction nodels 431
to 43k, and nodele fRRATFECHAR . AAAEICALKS WhE chNP eSPEEEPVREYC i ndi cat e
features of 25the_plurality of energy demand prediction nodels 431 to 43k.
The plurality cﬁnﬁékﬁ V- Fenafd prediction nodels 25 431 to 43k and the

correspondi ng nodel %eature dat a f41.to 44 gge asso lateg m&%h each ot her
The nodel feature datas 441°F8 22k 47 6° USBH ad” cPFTRr Ta P ehli FBUSt o sel ect

an appropglate émggﬁi$éﬁ%nmay predict a condition of another floor

from a condition of one floor in association with the
human information 22a.

(Fourth Embodiment)

This embodiment will explain modifications of the

10 lfirst to third embodiments described above.

FIG. 5 is a block diagram showing an example of an
arrangement of an energy demand prediction apparatus
according to this embodiment. FIG. 5 mainly shows only
components which are not shown in FIG. 1 above.

15 The processor 3 executes the program 6, which is
not shown in FIG. 5, thereby functioning as a model
selection unit 38, coefficient correction unit 39,
updating unit 40, data replenishment unit 41, and
singularity determination unit 42. These units will be

20 described below.

[Model Selection Unit 38]

The storage device 4 stores a plurality of energy
demand prediction models 431 to 43k, and model feature
data 441 to 44k which respectively indicate features of

25 the plurality of energy demand prediction models 431 to
43k.

The piurality of energy demand prediction models



5the plurality of energy demand prediction nodels 431 to 43k. The
nodel selection unit 38 selects, based on data such as current (| atest)
human i nformation 22a, current environment information 22b, and current
device data 10191 to 19n, nodel feature data which matches a content

i ndi cated by the current data fromthe nodel feature data 441 to 44k. Then,
t he nodel selection unit 38 selects an enetyy demand prediction nodel
corresponding to the sel ected nodel feature data. 15The prediction unit 8
executes an energy denmand prediction based on the energy demand prediction
nmodel sel ected bylthe fddeindetleet tonraapon@8nglmoddisfeabodeneata 441
plurality of energy denmand predi ction nodels are prepared in
accordance wit ht0Pf bvabtisadabal ¢ epdericiescach othern this enbodi nent, an
energy demand prediction nodel optimal to the current energy denmand

predi ction area can bBesBPeetetcfFortt AaTRI dfal Foy4k aner §ySderdnd

prediction nodels, 431, to 43k, For_ exanple, even 25when ﬁrevi§u§ gata, whi ch
were referred tof bpoht BufFAFhESTpta e8FEalnBnaPay REMahd Breatctfoh nodel ,

| ncl ude the sang, wegther, or, Seasop. s, thencHE" ShLas 20: WG4 REL1 97 437288
when t he nhunber 0 ersons’'in a roo

43k.

The model selection unit 38 selects, based on data
such as current (latest) human information 22a, current
environment information 22b, and current device data

10 191 to 19n, model feature data which matches a con:tent
indicated by the current data from the model feature
data 441 to 44k. Then, the model selection unit 38
selects an energy demand prediction model corresponding
to the selected model feature data.

15 The prediction unit 8 executes an energy demand
prediction based on the energy demand prediction model
selected by the model selection unit 38.

In this embodiment, a plurality of energy demand
prediction models are prepared in accordance with

20 previous data tendencies.

In this embodiment, an energy demand prediction
model optimal to the current energy demand prediction
area can be selected from the plurality of energy
demand prediction models 431 to 43k. For example, even

25 when previous data, which were referred to upon
building up a certain energy demand prediction model,

include the same weather or season as the current



upon building up the nodel is different fromthe current nunber of persons
in the room the nodel selection unit 38 gives priority to a head-count
5conditi on over the previous weat her or season, and sel ects an energy
dermand prediction nodel which matches the head-count condition. Thus, the
predi ction accuracy can be inproved. [Coefficient Correction Unit 39 10The
coefficient correction unit 39 autonaticalddy corrects coefficients of the
energy demand prediction 'nodels 431 to 43k based on data such as the
acqui red human information 22a, environnent information 22b, and device
data 191 to 19wedthesy; ¢hesgusth ctwiomn adouracypdibcan bersops oviedk Morre
specifically, the coefficient correction unit 39 corrects the coefficients
of the energy dévandopredind iwh FrletedB31is od4Bke baedt vemt Hee cur rent
information or information including tine-serial 20changes such as an

i ncrease or decteas®§ MUMHE huhbeteofOper sons§ nf@Chui Tl meedrl f 1 oor, a
weat her or cloud condjtion, and incident sun]ight. For exanple, when the
nunber of per soMIHNC T IHort i $° | FF BRI ¢ nhiedi B8 et yreRReCedRY fi ci ent
correcti an uni t g,nQ Pg'éjstésv 2r5'1%1 coegf\ifci ent correspondi?r:% to thne nunber of
persons, 5o as T8 BUITY Up’ En Eleryy” Hettnd Bt i ot T on> 7odel” vHith mat ches

et ot S LB Y LML AR 18 L1 BRSP4
the head-count condition.
Thus, the prediction accuracy can be improved.
[Coefificient Correction Unit 39]
10 The coefficient correction unit 39 automatically
corrects coeifficients of the energy demand prediction
‘models 431 to 43k based on data such as the acguired
human information 22a, environment information 22b, and
device data 191 to 19n. Thus, the prediction accuracy
15 can be improved.
More specifically, the coefficient correction unit
39 corrects the coefficients of the energy demand
prediction models 431 to 43k based on the current
information or information including time-serial
20 changes such as an increase or decrease in the number
of persons in a building or floor, a weather or cloud
condition, and incident sunlight. For example, when
the number of persons on a floor is increased
immediately, the coefficient correction unit 39 adjusts
25 a coefficient corresponding to the number of persons,

so as to build up an energy demand prediction model

which matches the actual state, thereby minimizing a



The updating unit 40 updates (sequentially 5updates) the energy denmand
predi ction nodels 431 to 43k based on the current data such as the human

i nformation 22a, environnment information 22b, and device data 191 to 19n
every tinme a predeterm ned period el apses. For exanple, the updating unit
40 sequentially updates the 10energy demand prediction nodels 431 to 43k
using data acquired a day ahead, data acq@ﬂred an hour earlier, and data
acquired a mnute earlier. Updating of the energy demand prediction nodels
431 to 43k can use various nodel automatic generation techniques. 15In this
enmbodi ment, t helidfed /N Greraid’ $RTedit td Frilado RIS AB 19erBlantt € sequenti al |y
updat ed using not only the human i nformati on 22a and environnent

i nf or mati on 22BPERHGFTEH HL4he i mage sensor but al so the device data 191

to 19n such as elect{ic Jower 20infq;ﬂation, weat her information, or the
like, thus inproving q?ﬁérﬁ%%i%?}%n4 curacy. [Data Repleni shment Unit 41]
The data replenlshnﬁﬁt unléaégncalcuéaﬁ@surgglgnl hnent data, 45 effective

for the energy dema %ﬁﬁ?edict?o%n%ased on T he” a %%??%%tﬂ% %YSuch as the

huran | o TR A8 ST GIIR LOLALTLE0, 220, .S 0 AL Lo
45 in the storagedlidn 4he current data such as the human information
22a, environment information 22b, and device data 191
to 19n every time a predetermined period elapses. For
example, the updating unit 40 sequentially updates the

10 energy demand prediction models 431 to 43k using data
acquired a day ahead, data acquired an hour earlier,
and data acquired a minute earlier. Updating of the
energy demand prediction models 431 to 43k can use
various model automatic generation techniques.

15 In this embodiment, the energy demand prediction
models 431 to 43k are sequentially updated using not
only the human information 22a and environment
information 22b acquired by the image sensor but also
the device data 191 to 19n such as electric power

20 information, weather information, or the like, thus
improving the prediction accuracy.

[Data Replenishment Unit 41]
The data replenishment unit 41 calculates
replenishment data 45 effective for the energy demand

25 prediction based on the acquired data such as the human

information 22a, environment information 22b, and

device data 191 to 19n. Then, the data replenishment



For exanpl e, various conponents such as the nodel selection unit 38,
coefficient correction unit 39, and 5Supdating unit 40 execute their
processes using the repleni shnent data 45 cal cul ated by the data
repl eni shnent unit 41. For exanple, when the electric power usages of
the devices 251 to 25m cannot be directly acquired, the 10data
repl eni shment unit 41 estimates the el ect %% power usages of the devices
251 to 25m based on electric power information, the human information 22a,
the environnment information 22b, and the |ike, which can be acquired. 15For
exanpl e, the datEt epl ewli sre@nthainiap Men geies i mésta Wt i pdrsonadrage
conputer, which is placed in front of a working person, is O\, and
estimates an el®ettit power usage based on his or her attending tine. As

for a printer and a copying nmachine, their 20electric power usages are
estimated in the san%ogaﬁﬁgmpaﬁ'tY%ﬁl%%ﬁs%ﬂ%?o%%%%ﬁt%?qh as thegpodkanyl e,
h unit. s an electric power user_ anmount of
n

he d | en t 41, esti -
cach T oom based G A U AL H ¢ Fokie Lost SHouti: BT EtholeL 1 | tor Dand

each rpon1basedsp _

eLLSnOl i, CONOL LRI AL LEPER IR0 L DAL, BB

devices 29 replenishment data 45 calculated by the data
replenishment unit 41.

For example, when the electric power usages of the
devices 251 to 25m cannot be directly acquired, the

10 data replenishment unit 41 estimates the electric power
usages of the devices 251 to 25m based on electric
power information, the human information 22Z2a, the
environment information 22b, and the liké, which can be
acquired.

15 For example, the data replenishment unit 41
determines that a personal computer, which is placed in
front of a working person, is ON, and estimates an
electric power usage based on his or her attending
time. As for a printer and a copying machine, their

20 electric power usages are estimated in the same manner
as that personal computer.

For exémple, the data replenishment unit 41
estimates an electric power user amount of each room
based on an electric power user amount of a whole floor

25 and attending conditions of respective rooms.

For example, the data replenishment unit 41

estimates or predicts use conditions of office devices



based on a | ayout of each roomand a distribution of the nunber of persons,
and can reflect themto the energy demand prediction. For exanple, the data
repl eni shnment unit 41 5 estimates or calcul ates a neasurenent itemfor an
area Wi thout any sensors based on data of an area installed with a sensor.
For exanpl e, the nunber of persons of an area w thout any inage sensor can
be cal cul ated by 10estimating flows of perdbns based on human i nformation
acqui red from surroundi ng i nage sensors. Thus, the prediction
accuracy can be inproved, and cost can be reduced conpared to a case in

whi ch all val uezaage erasurepowsing sensorsom 15i&i mgdl ar rilyubeteraf nati on
Unit 42] The singularity determnation unit 42 executes, for exanple,
conpari son prock’si RgUREE oh ReFEaol (RlbAsern ofe f hecacyuem et daka such as

t he human information 22a, environnment information 22b, and 20devi ce data
191 to 19n, thRDHUETBrAPRY BFePredi@®ing a singularity. Then, the

singu[arity determ ngti on uni 42 stores singularity determnation data 46
RaFi orereler 1t i Ghe SEOR Lge ARV Ee b L bokor

indicating a deternmi exanpl e,
vari ous nponent s, sucgsa.ortCalc oS electlog ggé% 38, co fflClth R
correction unit 397 updating Unit %5 ahd oAt A Fepl ent sHirent” uAlt 4%

without any sensors based on data of an area installed
with a sensor.

For example, the number of persons of an area
without any image sensor can be calculated by

10 estimating flows of persons based on human information
acguired from surrounding image sensors.

Thus, the prediction accuracy can be improved, and
cost can be reduced compared to a case in which all
values are measured using sensors.

15 [Singularity Determination Unit 42]

The singularity determination unit 42 executes,
for example, comparison processing with a threshold
based on the acquired data such as the human
information 22a, environment information 22b, and

20 device data 191 to 19n, thus determining or predicting
a singularity. Then, the singularity determination
unit 42 stores singularity determination data 46
indicating a determination result in the storage
device 4.

25 For example, various components such as the model
selection unit 38, coefficient correction unit 39,

updating unit 40, and data replenishment unit 41



30 'execute their processes using the singularity determ nation data 46.
A day (singularity) such as an anniversary of foundation of a conpany,
which is different froma 5nornmal day, has an energy demand tendency
different fromthe normal day. Hence, energy demands have to be carefully
predi ct ed. For exanple, different energy demand prediction nodels
are prepared for a business day and a 10si#gularity, and it is inmportant to
recogni ze the singularity. As a setting of the singularity, a schedul e may
be manual ly input. However, the sane energy demand prediction as that of
t he singul arit yekscot¢ enhexhi broeeds sas ansungxpeet etindayarFoy this reason,
15the singularity determnation unit 42 determ nes or predicts a
singularity bas@dtennihatipmgeadat4c16 acquired by the i nage sensor 9.
Thus, an unexpected energy demand variation can be coped with in advance.
The singularity detefnfiddt {dhnanlerapydeterhi aesapoannpredsery af
singularity using an increase or decrease in the nunber of persons, a flow
of persons, thefgﬁﬁ%%?l%? Pt ahsFRPPRRY, pBrsohsis adhEharedtnt raiseri buti on
on respecéive floors %geir tine-serial change%,#an the | ike included in
Fonr

the human® i nf orW&tToh $2% il 57 250bt & ndd"Front EREST gl H585°16. Thus,
ener gy demand tendency. of o & wholie, buiLding, whol.e, fliger,,ang, pholg ggom can
be predicted, thus inproving The %nergy defrand® Y
careful’ly predicted.
For example, differént énergy demand prediction
models are prepared for a business day and a
10 singularity, and it is important to recognize the
singularity. As a setting of the singularity, a
schedule may be manually input. However, the same
energy demand prediction as that of the singularity is
often exhibited on an unexpected day. For this reason,
15 the singularity determination unit 42 determines or
predicts a singularity based on the image data 16
acquired by the image sensor 9. Thus, an unexpected
energy demand variation can be coped with in advance.
The singularity determination unit 42 determines
20 or predicts a singularity using an increase or decrease
in the number of persons, a flow of persons, the number
of transferring persons, a head-count distribution on
respective floors, their time-serial changes, and the
like included in the human information 22a mainly
25 obtained from the image data 16. Thus, energy demand
tendency of a whole building, whole floor, and whole

room can be predicted, thus improving the energy demand



31 prediction accuracy of the whole building. For exanple, for a
singularity, an energy demand prediction nodel can be switched. Wile
certain enbodi ments have been described, 5these enbodi ments have been
presented by way of exanple only, and are not intended to limt the scope
of the inventions. Indeed, the novel enbodi nents described herein may be
embodied in a variety of other forns; furthernore, various oni ssions,
substitutions and 10changes in the form of the enbodi nents described herein
may be made wi thout departing fromthe spirit of the inventions. The
acconpanyi ng clRiesiapdon ha¢ceueqey val ehlte @helénpehdédngo cover such forns
or nodifications as would fall within the scope and spirit 15of the
inventions. 32 CLAI Mt example, AQrenefgpIdépuntlypradi eRpsAYapparatus

conprising: an inmage apalysis unit that generates analysis 5data including
at |east one ofp¥ﬁé#ﬁF%%$d@%ﬁ?%oﬁa%ﬂﬂa switched.

While certain embodiments have been described,

5 these embodiments have been presented by way of example
only, and are not intended to limit the scope of the
inventions. Indeed, the novel embodiments described
herein may be embodied in a variety of other forms;
furthermore, various omissions, substitutions and

10 changes in the form of the embodiments described herein
may be made without departing from the spirit of the
inventions. The accompanying claims and their
equivalents are intended to cover such forms or
modifications as would fall within the scope and spirit

15 of the inventions.



environment information of a prediction target area based on inmage data
acquired by an i mage sensor; and a prediction unit that generates
predi ction data by executing an energy demand prediction based on the
10anal ysis data and an energy demand prediction nodel generated using

previ ous data corresponding to the anal ysis data. 2. The energy
demand prediction apparatus of claim1, wh&fein the previous data includes
previ ous l15data acquired by a device sensor, and the prediction unit

executes the energy demand prediction based on the analysis data, data
acquired by the device sensor, and thé &ndrgyMdémand prediction nodel. 203.
The energy demand prediction apparatus of claim1, further conprising:

a device control unit-th3t FeReyateNapAseacOhCE he! haRRdr # htdr mat i on
including a identification result of a person and control setting data

i ncluding a cont?O?*125"%al ue set for the person or an attribute of the
person, control data which matches the gersgﬁalndicated by the human

information; and 33°" *T99aA'buiptt Eontr bn??n?ﬁﬁfe%u?ﬁﬁfgsfﬁe control
data to & Correci;ei’@é‘dir?\&j\}]gﬂ’ﬁ&eaf least ofe er‘fll r??r‘ig%PgMi?%g%ﬁ&t' on

apparatus of claim 1, erein the environnment information inc s Gat

l'east one of |ighy; oiQemation, Hevice |ayoul -Lafof pation.and; weat her
i nfornmati on, and

based on image data acquired by an image sensor; and
a prediction unit that generates prediction data
by executing an energy demand predicticn based on the
i0 analysis data and an energy demand prediction model
generated using previous data corresponding to the
analysis data.
2. The energy demand prediction apparatus of
claim 1, wherein the previous data includes previous
15 data acquired by a device sensor, and
the prediction unit executes the energy demand
prediction based on the analysis data, data acquired by
the device sensor, and the energy demand prediction
model.
20 3. The energy demand prediction apparatus of
claim 1, further comprising:
a device control unit that generates, based on the
human information including a identification result of
a person and control setting data including a control
25 value set for the person or an attribute of the person,
control data which matches the person indicated by the

human information; and



t he energy demand prediction apparatus further conprises: an environnment
nodel generation unit that 10generates an environnment nodel which
represents a feature of an environnment of the prediction target area based
on the environment information 5. The energy demand prediction
apparatus of claim1l1, wherein the human information includes at 15l east one
of head-count information, distribution infbormation, activity anmount

i nformation, clothing anount information, attribute information, and action
i nformati on of persons, and t he energy demand prediction
apparatus further 20zonpeimes:control wanhumahahodetpgeneraei onntunei t hat
generates a human nodel which represents a feature of a person who are
staying in the el e idrraaregEondess bdgedcon the human i nfornmation. 256.
The energy demand prediction apparatus of claim1, further conprising: a
storage unit that stbresTRe pFieEdYtYSBRNGnRF §Y1CcBYoemmnar pEedi efi on nodel s
and a plurality of nodel feature data resgective]y i ndi cating features of

the plurality oft&Heryy "Henend priddi €1V bromdeet sti P HebtPat FoR WiEh each

other; aqg at least one of light information, device layout
information, and weather information, and

the energy demand prediction apparatus further
comprises:

an environment model generation unit that

10 generates an environment model which represents a
feature of an environment of the prediction target area
based on the environment information.

5. The energy demand prediction apparatus of
claim 1, wherein the human information includes at

15 least one of head-count information, distribution
information, activity amount information, clothing
amount information, attribute information, and action
information of persons, and

the energy demand prediction apparatus further

20 comprises:

a human model generation unit that generates a
human medel which represents a feature of a person who
are staying in the prediction target area based on the
human information.

25 6. The energy demand prediction apparatus of
claim 1, further comprising:

a storage unit that stores a plurality of energy



5a -selection unit that selects, based on the analysis data, the energy
demand prediction nodel associated with the nodel feature data which

mat ches the anal ysi s dat a, wherein the prediction unit executes
t he energy 10denmand prediction based on the analysis data and the sel ected
ener gy demand Prediction nodel. 7. The energy demand prediction

apparatus of claiml1, further conprising: 3 coefficient correction unit
that corrects a 15coefficient of the energy demand prediction nodel based
on the anal ysis data. 8. The energy demand prediction apparatus of
claim1l, furthedemomprpsedgction models and aaplupdattngodinnhbdéhbat
sequentially updates the 20energy demand prediction nodel based on the
anal ysi s data efeayuténeaaapreseternvatd pediodt ehapsestures of t8e The
energy demand prediction apparatus of claim1, further conprising:

a data repl eni shhehtliuhytot haneegyi demesd apyadiuet 25useddehst he ener gy

demand prediction based on the anal ysis data.
assoclation with each other; and

5 .a selection unit that selects, based on the
analysis data, the energy demand prediction model
associated with the model feature data which matches
the analysis data,

wherein the prediction unit executes the energy
10 demand prediction based on the analysis data and the
selected energy demand prediction model.
7. The energy demand prediction apparatus of
claim 1, further comprising:
a coefficient correction unit that corrects a
15 coefficient of the energy demand prediction model based
on the analysis data.
8. The energy demand prediction apparatus of
claim 1, further comprising:
an updating unit that sequentially updates the
20 energy demand prediction model based on the analysis
data every time a predetermined period elapses.
9. The energy demand prediction apparatus of
claim 1, further comprising:
a data replenishment unit that estimates a value
25 used in the energy demand prediction based on the
analysis data.

10. The energy demand prediction apparatus of



10.. The energy demand prediction apparatus of 35 claim1, further
conpri si ng: a singularity deternmination unit configured to deternlne
a singularity based on the analysis data, and to generate singularity
determ nation data indicating a 5determnation result. 11. An energy
dermand prediction nmethod by a conputer, conpri sing: generating
anal ysis data including at |east one of huian infornati on and environnent
information of a 10prediction target area based on i mage data acquired by
an i mage sensor, and storing the analysis data in a storage device; and
generating preditiion datarbyeexecu s hgimm: ener gy demand prediction based
on the analysis data stored in 15the storage device and an energy demand
predi ction model generatedulsihgypreveonsnaatanconiespondiggred the
anal ysis data, and storing the prediction data in the storage device.
determine a singularity based on the analysis data, and
to generate singularity determination data indicating a
5 determination result.
11. An energy demand prediction method by a
computer, comprising:
generating analysis data including at least one of
human information and environment information of a
10 prediction target area based on image data acguired by
an image sensor, and storing the analysis data in a
storage device; and
generating prediction data by executing an energy
demand prediction based on the analysis data stored in
15 the storage device and an energy demand prediction
model generated using previous data corresponding to

the analysis data, and storing the prediction data in

the storage device.



