
1 

DESCRIPTION 

Title of Invention: 

POWER CONSUMPTION ESTIMATION DEVICE 

Technical Field 

[0001] The present specification discloses a power consumption estimation device 5 

which estimates power consumption of each of one object facility or more which are 

installed in a predetermined area and whose operation statuses can be monitored. 

Background Art 

[0002] In an architectural structure such as a building and a factory, when performing 

power management for the purpose of energy saving, it is necessary to figure out power 10 

consumption of each of a plurality of electric facilities installed in the architectural 

structure.  However, in order to measure such power consumption, each electric 

facility must be provided with an electric power meter, which is costly. 

[0003] Therefore, in some cases, techniques have been proposed which estimate 

power consumption of each facility by performing a regression analysis based on 15 

time-series data of total power consumption of a predetermined area and time-series 

data indicating a driving status of the facility installed in the predetermined area. 

[0004] For example, Patent Literature 1 discloses a device that calculates power 

consumption of each of a plurality of air conditioners installed in a predetermined area.  

In this Patent Literature 1, full air-conditioner power consumption of the plurality of air 20 

conditioners is found from total power consumption of the predetermined area and from 

base power which is power consumed by other than the air conditioners.  Power 

consumption of each air conditioner is found based on time-series data of the full 

air-conditioner power consumption and time series-data indicating a driving status of 

each of the plurality of air conditioners.  According to this technique, it is not 25 
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necessary to provide a power measuring device per facility, so that power consumption 

of each of the plurality of facilities can be acquired at a low cost. 

Citation List 

Patent Literature 

[0005] Patent Literature 1: JP 2004-138265 A 5 

 Patent Literature 2: JP 2017-050971 A 

Summary of Invention 

Technical Problem 

[0006] However, the technique of Patent Literature 1 has a problem that the 

estimation accuracy of the base power, which is power consumed by other than the air 10 

conditioners, is low, and as a result, the estimation accuracy of the power consumption 

per facility is also low.  That is, in Patent Literature 1, total power consumption of a 

specific date and time (for example, total power consumption of a time frame where the 

air conditioners are not operating, of a certain day satisfying a specific condition) is 

estimated as power consumed by other than the air conditioners, that is, estimated as 15 

base power, and a value of this base power is considered to be constant even on a 

different day and month. 

[0007] However, power consumed by other than the air conditioners varies such as 

power consumed by lighting, personal computers, office equipment, and cooking 

equipment.  Usually, these power usage amounts (power consumption) are changing 20 

moment by moment.  Therefore, when the base power is considered to be constant as 

in Patent Literature 1, a deviation from the actual power becomes large, and the 

estimation accuracy of the power consumption of each air conditioner deteriorates. 

[0008] Therefore, in some cases, it has been proposed to estimate an amount of power 

consumed by a facility such as an office facility whose driving status cannot be 25 
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monitored by a power consumption estimation device from a number of people existing 

in a predetermined area (for example, Patent Literature 2).  However, in this case, a 

system for managing the number of people is required separately, leading to an increase 

in cost. 

[0009] Therefore, the present specification discloses a power consumption estimation 5 

device that can estimate power consumption of each object facility installed in a 

predetermined area, with a simpler configuration and with higher accuracy. 

Solution to Problem 

[0010] A power consumption estimation device to be disclosed in the present 

specification is a power consumption estimation device which estimates power 10 

consumption of each of one object facility or more which are installed in a 

predetermined area and whose operation statuses can be monitored, the power 

consumption estimation device including: 

 a total power consumption acquisition unit to acquire time-series data of total 

power consumption which is power consumption of the predetermined area as a whole; 15 

 an operation status acquisition unit to acquire time-series data of an operation 

parameter numeralized from the operation statuses of the one object facility or more; 

 a reference signal generation unit to generate one reference signal or more each 

expressed by a predetermined basis function; 

 a contribution degree estimation unit to perform multiple regression analysis 20 

by taking the acquired total power consumption as an objective variable, and the 

acquired operation parameter of the one object facility or more and a component value 

of the generated one reference signal or more, as explanatory variables, to thereby 

calculate a contribution degree of each of the one object facility or more to the total 

power consumption; and 25 
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 a power consumption calculation unit to multiply the contribution degree of 

the object facility and the operation parameter of the object facility, to thereby calculate 

power consumption of the object facility. 

[0011] In this case, the power consumption calculation unit may calculate power 

consumption of each of the one target facility or more of each time period, to thereby 5 

generate a breakdown of the total power consumption of each time period. 

[0012] Also, the basis function may be a function in which a leading edge of a 

substantial inverted V shape or of a substantial rectangle rises only once.  In this case, 

each reference signal may be a signal in which a signal expressed by the basis function 

is repeated every unit time.  Furthermore, the one reference signal or more may be 10 

classified into one signal group or more, and each signal group may include a plurality 

of reference signals whose shapes are the same and whose phases are different from 

each other.  In this case, the plurality of reference signals belonging to the same signal 

group may be each expressed by a substantial inverted V-shaped function having an 

inverted V shape with a width W, and may have phases being shifted from each other 15 

by W/2.  Furthermore, the one reference signal or more may be classified into two 

signal groups or more, and a width of an inverted V shape of a reference signal 

belonging to one signal group may be different from a width of an inverted V shape of a 

reference signal belonging to another signal group. 

Advantageous Effects of Invention 20 

[0013] According to a power consumption estimation device disclosed in the present 

specification, power consumed by other than an object facility is simulated by a 

plurality of reference signals.  Therefore, power consumption of each object facility 

installed in a predetermined area can be estimated with a simpler configuration and with 

higher accuracy. 25 
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Brief Description of Drawings 

[0014] Fig. 1 is a block diagram illustrating a physical configuration of a power 

consumption estimation device. 

 Fig. 2 is a block diagram illustrating a functional configuration of the power 

consumption estimation device. 5 

 Fig. 3 is a diagram illustrating examples of a reference signal. 

 Fig. 4 is a diagram in which a plurality of reference signals are superposed. 

 Fig. 5 is a diagram that explains a regression model. 

 Fig. 6 is a flowchart illustrating a contribution degree estimation process. 

 Fig. 7 is a flowchart illustrating a power consumption breakdown estimation 10 

process. 

 Fig. 8 is a diagram illustrating an actual measurement value and an estimation 

value, of power consumption according a present example. 

 Fig. 9 is a diagram illustrating other examples of the reference signal. 

 Fig. 10 is a diagram illustrating other examples of the reference signal. 15 

 Fig. 11 is a diagram illustrating an actual measurement value and an estimation 

value, of power consumption according to a prior art. 

Description of Embodiments 

[0015] A configuration of a power consumption estimation device 10 will be 

described with referring to drawings.  Fig. 1 is a block diagram illustrating a physical 20 

configuration of the power consumption estimation device 10.  Fig. 2 is a block 

diagram illustrating a functional configuration of the power consumption estimation 

device 10.  This power consumption estimation device 10 is a device that estimates 

power consumption of each of one object facility or more installed in a predetermined 

area by regression analysis.  That is, in general, an architectural structure such as a 25 
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building and a factory is provided with an electric power meter that measures power 

consumption of the entire architectural structure or of an entire floor.  Using this 

electric power meter, total power consumption of the predetermined area (for example, 

the entire architectural structure or entire floor) can be figured out. 

[0016] However, when managing power for the purpose of energy saving, it is desired 5 

to figure out not only the total power consumption but also power consumption of each 

of one object facility or more (to be referred to as "individual power consumption" 

hereinafter) installed in a predetermined area.  The object facility is a facility whose 

operation is managed by an architectural structure management system and is, for 

example, an air-conditioning facility.  To figure out individual power consumption of 10 

such an object facility accurately, it is necessary to provide an electric power meter per 

object facility.  However, to provide an electric power meter per object facility leads to 

an increase in cost.  In view of this, the power consumption estimation device 10 

estimates individual power consumption of such an object facility based on total power 

consumption and based on an operation status of the object facility.  In the following, 15 

description will be made on, as an example, a power consumption estimation device 10 

in which one entire building will be defined as "predetermined area", and a plurality of 

air-conditioning facilities installed in the entire building are the "object facility". 

[0017] As illustrated in Fig. 1, the power consumption estimation device 10 is 

constructed from one computer or more which are driven according to a particular 20 

program.  That is, the power consumption estimation device 10 is provided with a 

CPU 12, a storage device 14, an input device 16, an output device 18, and a 

communication interface (to be referred to as "communication I/F" hereinafter) 20, 

which are connected to each other via a bus 22, as illustrated in Fig. 1. 

[0018] The CPU 12 performs various types of computations.  Specifically, the CPU 25 



7 

12 reads as necessary a power consumption estimation program stored in the storage 

device 14, and performs various types of computations required for estimating power 

consumption.  A specific content of a process by the CPU 12 will be described later. 

[0019] The storage device 14 stores various types of data (including the program) and 

is configured by a combination of one or more of, for example, a semiconductor 5 

memory such as a RAM and a ROM, a hard disk drive, and a solid-state drive.  The 

power consumption estimation program for estimating the power consumption (to be 

described later) is stored in the storage device 14. 

[0020] The input device 16 accepts an operation instruction and data input which are 

given by an operator, and is configured by a combination of one or more of, for example, 10 

a keyboard, a mouse, a touch panel, and a microphone.  The output device 18 outputs 

various types of information to the operator, and is configured by a combination of one 

or more of, for example, a display and a speaker. 

[0021] The communication I/F 20 exchanges data with another electronic apparatus 

and an information terminal.  For example, total power consumption detected by an 15 

architectural structure management system and an operation status of the object facility 

(air-conditioning facility) are inputted to the power consumption estimation device 10 

via the communication I/F 20.  A diagnosis result by the power consumption 

estimation device 10 may be sent to another information terminal via the 

communication I/F 20.  Fig. 1 illustrates the power consumption estimation device 10 20 

as one computer.  However, the power consumption estimation device 10 may be 

configured of a plurality of computers that can communicate with each other.  The 

power consumption estimation device 10 may be part of the architectural structure 

management system. 

[0022] The functional configuration of the power consumption estimation device 10 25 
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will now be described with referring to Fig. 2.  A plurality of object facilities 100 and a 

plurality of non-monitored facilities 102 are installed in the building.  The object 

facilities 100 are the facilities whose individual power consumption is to be estimated 

and whose operation is managed by an architectural structure management system 110.  

In the present example, air-conditioning facilities such as an air-conditioning indoor 5 

unit and an air-conditioning outdoor unit installed in the building are the object facilities 

100. 

[0023] Among the facilities that consume power, the non-monitored facilities 102 are 

those facilities not managed by the architectural structure management system 110.  

Accordingly, the non-monitored facilities 102 include, for example, lighting and an 10 

electric outlet.  The object facilities 100 and the non-monitored facilities 102 are both 

connected to a power supply 106 via a power supply line 103, and receive power from 

the power supply 106.  A total value of power supplied to the object facilities 100 and 

power supplied to the non-monitored facilities 102, that is, total power consumption, is 

measured by an electric power meter 104. 15 

[0024] The architectural structure management system 110 manages operation of the 

object facility 100 according to a preset management program.  A configuration of the 

architectural structure management system 110 may be changed as necessary.  The 

architectural structure management system 110 has at least an operation status storage 

unit 114 and a total power consumption storage unit 112. 20 

[0025] The operation status storage unit 114 stores time-series data of the operation 

status of each of the plurality of object facilities 100.  More specifically, the 

architectural structure management system 110 acquires the operation status of each 

object facility 100 periodically, and stores the operation status in the operation status 

storage unit 114 as being associated with date and time.  Here, the architectural 25 
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structure management system 110 expresses the operation status by a numerical value.  

For example, "operating" is expressed by a numerical value "1", and "operation 

stopped" by "0".  In the following, a numerical value expressing an operation status 

will be called operation parameter.  The value of the operation parameter may be a 

binary value that expresses "operating" by "1" and "operation stopped" by "0", as 5 

mentioned above.  In another mode, the value of the operation parameter may be 

multilevel according to operation types, and may express "heating" by "1", "cooling" by 

"0.8", "ventilating" by "0.3", and "operation stopped" by "0".  In still another mode, 

the value of the operation parameter may be set in accordance with a difference value 

between an air-conditioning target temperature and a present room temperature, a 10 

rotation speed of a compressor, or the like.  In any case, time-series data of numerical 

values (operation parameter values) expressing the operation statuses of the plurality of 

object facilities 100 is stored in the operation status storage unit 114. 

[0026] The total power consumption storage unit 112 stores time-series data of the 

total value of the power consumption of the entire building (total power consumption).  15 

Specifically, the architectural structure management system 110 periodically acquires 

the total power consumption per unit time measured by the electric power meter 104, 

and stores the acquired total power consumption in the total power consumption storage 

unit 112 as being associated with date and time.  A sampling timing of the total power 

consumption and a sampling timing of the operation status of the object facility 100 are 20 

desirably matched with each other.  A sampling period is not particularly limited, but 

is desirably set to a value falling within a range of 30 seconds to 1 hour, and is more 

desirably set to a value falling within a range of 1 minute to 10 minutes. 

[0027] In the present example, the time-series data of the operation parameter value 

and the time-series data of the total power consumption are stored in the architectural 25 
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structure management system 110.  Alternatively, these pieces of data may be stored in 

the storage device 14 provided to the power consumption estimation device 10. 

[0028] The power consumption estimation device 10 performs multiple regression 

analysis by taking the total power consumption as an objective variable, and the 

operation parameter value and a component of the reference signal (to be described 5 

later), as explanatory variables, to thereby estimate individual power consumption of 

each of the plurality of object facilities 100.  Prior to describing the functional 

configuration of the power consumption estimation device 10, a principle of estimating 

the individual power consumption will be described. 

[0029] A total power consumption yn at a certain sampling timing n is a sum of a total 10 

value Xn of the individual power consumption of the plurality of object facilities 100 

and a total value Rn of the individual power consumption of the plurality of 

non-monitored facilities 102.  Namely, yn = Xn + Rn.  In the following, Xn will be 

called "object power consumption", and Rn will be called "non-monitored power 

consumption". 15 

[0030] Assuming that the individual power consumption of an mth object facility 100 

depends on an operation status (operation parameter xmn) of the mth object facility 100, 

the individual power consumption of the mth object facility 100 can be expressed as 

(xmn×am) where am is a contribution degree being set in each object facility 100.  The 

object power consumption Xn which is a total value of the individual power 20 

consumption of the first to Mth object facilities 100 can be expressed by Expression 1. 

[Formula 1] 

 



11 

[0031] Meanwhile, as the operation status of the non-monitored facility 102 cannot be 

figured out, a model like the object facility 100 cannot be constructed.  In view of this, 

in the present example, non-monitored power consumption Rn which is a total of the 

individual power consumption of the non-monitored facilities 102 is simulated with 

using a plurality of reference signals ri (i = 1, 2, …, l).  Figs. 3 and 4 are diagrams 5 

illustrating examples of the reference signal.  Fig. 3 is a diagram illustrating first to 

fifth reference signals r1 to r5, and Fig. 4 is a diagram in which the first to fifth 

reference signals r1 to r5 are superposed. 

[0032] The reference signal is a signal in which a signal expressed by a predetermined 

basis function is repeated every unit time (for example, every 24 hours).  The type of 10 

the basis function is not particularly limited, but the basis function is desirably a 

function in which a leading edge of a substantial inverted V shape or of a substantial 

rectangle rises only once.  In the present example, a Gaussian function indicated by 

Expression 2 is used as the basis function. 

[Formula 2] 15 

 

[0033] The Gaussian function is an inverted V-shaped (more precisely, bell-shaped) 

function in which a width W of an inverted V shape depends on s and a center of the 

inverted V shape depends on m.  The ith reference signal ri is a signal in which a signal 

expressed by Expression 2 is repeated every 24 hours.  In the example of Figs. 3 and 4, 20 

a width W of the inverted V shape of each of the reference signals r1 to r5 corresponds 

to approximately 12 hours = 720 minutes.  The phases of the plurality of reference 

signals are shifted by 6 hours = 360 minutes, which is approximately 1/2 the width W of 
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the inverted V shape.  Note that the width W of the inverted V shape represents a 

period taken since a value of ri exceeds 1% of the peak value until reaching less than 

1%. 

[0034] In the present example, the non-monitored power consumption Rn is expressed 

as Expression 3 with using the first to Ith reference signals r1 to rI.  Note that bi is a 5 

contribution degree being set in each reference signal ri, and that c signifies power 

consumption which is a constant term and which occurs constantly without depending 

on time. 

[Formula 3] 

 10 

[0035] In the above description, the operation parameter xmn of the object facility 100, 

the reference signal rin, and the total power consumption yn are known, while the 

contribution degrees am and bi and the constant term c are unknown.  If the 

contribution degrees am and bi and the constant term c can be solved, the individual 

power consumption xmn×am of the object facility 100 can be found.  Hence, in the 15 

present example, the power consumption is modeled by Expression 4, and the 

contribution degrees am and bi and the constant term c are found by multiple regression 

analysis.  Fig. 5 illustrates an explanation of individual terms of Expression 4. 

[Formula 4] 
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[0036] If N > (M + I + 1), Expression 4 can be solved.  Hence, if the total power 

consumption yn and the operation parameter xmn can be collected (M + I + 1) times or 

more, the contribution degrees am and bi and the constant term c can be calculated.  

By multiplying the operation parameter xmn of each object facility 100 by the calculated 5 

contribution degree am, power consumption of the mth object facility 100 at a sample 

timing n can be calculated.  In the following, the left-hand side of Expression 4 is 

called "total power vector".  The first matrix on the right-hand side of Expression 4 is 

called "status matrix". 

[0037] The power consumption estimation device 10 has a functional configuration 10 

that can perform the above computation.  Now, the functional configuration of the 

power consumption estimation device 10 will be described with referring to Fig. 2 again.  

A total power vector generation unit 32 generates the total power vector, that is, the 

vector on the left-hand side of Expression 4, from the time-series data of the total power 

consumption yn stored in the total power consumption storage unit 112.  Hence, the 15 

total power vector generation unit 32 functions as a total power consumption acquisition 

unit to acquire the time-series data of the total power consumption yn.  At this time, a 
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number N of samples constituting the total power vector is not particularly limited as far 

as it is equal to or more than a value (M + I + 1) which is a sum of a number M of 

object facilities 100, a number I of reference signals, and 1.  Note that the number N of 

samples is desirably equal to a number corresponding to 24 hours or more. 

[0038] A status matrix generation unit 34 generates the status matrix based on the 5 

time-series data of the operation parameter value xmn stored in the operation status 

storage unit 114 and based on the reference signal rin generated by a reference signal 

generation unit 36.  The status matrix generation unit 34 functions as an operation 

status acquisition unit to acquire the time-series data of the operation parameter value 

xmn.  The reference signal generation unit 36 generates the reference signal rin in 10 

response to a request from the status matrix generation unit 34. 

[0039] The generated total power vector and the generated status matrix are inputted 

to a contribution degree estimation unit 38.  The contribution degree estimation unit 38 

assigns the total power vector and the status matrix to Expression 4, and solves the 

contribution degrees am and bi and the constant term c.  This calculation can use a 15 

known multiple regression analysis technique, and accordingly its detailed description 

will be omitted. 

[0040] The contribution degrees am and bi and the constant term c which are 

calculated by the contribution degree estimation unit 38 are stored in a contribution 

degree storage unit 40.  A breakdown calculation unit 42 multiplies the operation 20 

parameter xmn of the object facility 100 by am stored in the contribution degree storage 

unit 40, to calculate the individual power consumption of the object facility 100.  The 

breakdown calculation unit 42 functions as a power consumption estimation unit.  The 

breakdown calculation unit 42 also assigns the reference signal rin, and bi and c stored 

in the contribution degree storage unit 40, to Expression 3, to calculate entire power 25 
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consumption of the plurality of non-monitored facilities 102, that is, the non-monitored 

power consumption Rn.  By doing this, the breakdown of the power consumption of 

each time period is calculated.  The calculated breakdown (the individual power 

consumption of each object facility 100 and the non-monitored power consumption Rn) 

is stored in a power consumption storage unit 44 as being associated with a time point. 5 

[0041] A flow of a power consumption estimation process by the power consumption 

estimation device 10 will be described with referring to Figs. 6 and 7.  The power 

consumption estimation process is roughly divided into a contribution degree estimation 

process and a power consumption breakdown estimation process.  Fig. 6 illustrates a 

flow of the contribution degree estimation process.  It suffices if this contribution 10 

degree estimation process is executed at least once.  To improve the estimation 

accuracy, it is desired to execute the contribution degree estimation process repeatedly 

at certain intervals and to update the values of the contribution degrees and the value of 

the constant term which are stored in the contribution degree storage unit 40.  That is, 

the contribution degree am of each of the plurality of object facilities 100 expresses 15 

individual power consumption per unit time (in the above example, sampling period).  

The individual power consumption per unit time changes depending on the surrounding 

environment, deterioration of the object facility 100, and so on.  By estimating and 

updating the contribution degrees periodically, an estimation result in which the 

deterioration and so on of the object facility 100 have been considered can be obtained. 20 

[0042] When estimating the contribution degree, first, the total power vector 

generation unit 32 generates the total power vector based on the time-series data of the 

total power consumption yn (S10).  Also, the power consumption estimation device 10 

generates the status matrix based on the time-series data of the operation parameter xmn 

and based on the reference signal rin (S12). 25 
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[0043] When the power consumption vector and the status matrix vector are generated, 

the contribution degree estimation unit 38 finds the contribution degrees am and bi and 

the constant term c by multiple regression analysis according to the regression model of 

Expression 4 (S14).  Then, once the calculated contribution degrees am and bi and the 

calculated constant term c are stored in the contribution degree storage unit 40, the 5 

contribution degree estimation process ends (S16). 

[0044] Fig. 7 is a flowchart illustrating a flow of the power consumption breakdown 

estimation process.  This power consumption breakdown estimation process may be 

executed at any timing and any number of times if the contribution degrees have been 

calculated.  Accordingly, the breakdown estimation process may be performed 10 

periodically, or at a timing instructed by the user.  In any case, when estimating the 

breakdown, the breakdown calculation unit 42 reads the time-series data of the 

operation parameter xmn of each of the plurality of object facilities 100, the time-series 

data having been acquired during a period when the breakdown is to be estimated (S20).  

The breakdown calculation unit 42 also reads the plurality of contribution degrees am 15 

and bi and the constant term c, which are stored in the contribution degree storage unit 

40 (S22).  Subsequently, the breakdown calculation unit 42 multiplies the operation 

parameter xmn of the object facility 100 by the contribution degree am, to calculate the 

individual power consumption of the object facility 100 (S24).  The breakdown 

calculation unit 42 also assigns the reference signal rin, and bi and c stored in the 20 

contribution degree storage unit 40, to Expression 3 (S26), to calculate the 

non-monitored power consumption Rn.  Then, once the calculated power consumption 

is stored in the power consumption storage unit 44, the breakdown estimation process 

ends (S28). 

[0045] As is apparent from the above description, in the present example, the 25 
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non-monitored power consumption Rn, which is a total value of the power consumption 

of the non-monitored facilities 102, is simulated by the plurality of reference signals rin.  

Therefore, an error can be decreased more than in Patent Literature 1 where the 

non-monitored power consumption Rn is considered to be constant.  Thus, the 

estimation accuracy of the individual power consumption of the object facility 100 can 5 

be improved more.  Also, different from Patent Literature 2 where the power 

consumption is simulated by a number of people, the present example does not utilize a 

number of people for estimating the power consumption.  Therefore, a system for 

monitoring the number of people (for example, an admission system) becomes 

unnecessary, and the individual power consumption of the object facility 100 can be 10 

estimated more simply. 

[0046] In connection with this, comparison of the estimation accuracy between the 

present example and the prior art will now be described with referring to Figs. 8 and 11.  

Each of Figs. 8 and 11 is a graph illustrating actual measurement values R
#
 and X

#
 and 

estimation values R
*
 and X

*
 of power consumption, corresponding to 24 hours, of a 15 

certain building.  A more detailed description will be made.  Each of Figs. 8 and 11 

illustrates a stacked graph of the total value of the power consumption (non-monitored 

power consumption R) of the plurality of non-monitored facilities 102 and the total 

value of the individual power consumption (object power consumption X) of the 

plurality of object facilities 100.  In Figs. 8 and 11, a thick broken line represents the 20 

actual measurement value R
#
 of the non-monitored power consumption, and a thick 

solid line represents the actual measurement value X
#
, drawn to stack on the actual 

measurement value R
#
, of the object power consumption.  Likewise, in Figs. 8 and 11, 

a thin broken line represents the estimation value R
*
 of the non-monitored power 

consumption, and a thin solid line represents the estimation value X
*
, drawn to stack on 25 
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the estimation value R
*
, of the object power consumption. 

[0047] In Fig. 11, the estimation values R
*
 and X

*
 are estimated based on the 

technique disclosed in Patent Literature 1.  That is, in Fig. 11, considering that the 

estimation value R
*
 is always constant, the individual power consumption of each of the 

plurality of object facilities 100 is found by multiple regression analysis based on the 5 

actual measurement value of the total power consumption and based on the operation 

statuses of the plurality of object facilities 100.  Namely, in Fig. 11, each contribution 

degree am is found based on the regression model indicated by Expression 5.  As is 

apparent from Expression 5, according to the prior art, in the regression model, the 

estimation value R
*
 of the non-monitored power consumption is treated as a known 10 

constant term. 

[Formula 5] 

 

[0048] As is apparent from Fig. 11, according to the prior art, the estimation value R
*
 

of the non-monitored power consumption is considered constant, so an error between 15 

the estimation value R
*
 and actual measurement value R

*
 of the non-monitored power 

consumption increases.  If an error of R
*
 being a constant term employed in the 

regression model is large, naturally, estimation accuracy using the regression model also 

deteriorates, and the estimation accuracy of the individual power consumption of the 

object facility 100 deteriorates.  This is apparent from the fact that in Fig. 11, the error 20 
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between the estimation value X
*
 and actual measurement value X

#
 of the object power 

consumption, which is the total value of the individual power consumption of the object 

facility 100, is large 

[0049] Meanwhile, in the present example, the non-monitored power consumption is 

simulated with using the plurality of reference signals ri.  As a result, in the present 5 

example, the error between the estimation value R
*
 and actual measurement value R

#
 of 

the non-monitored power consumption is small, as illustrated in Fig. 8.  Since the 

non-monitored power consumption can be estimated with high accuracy, in the present 

example, the estimation accuracy of the individual power consumption of the object 

facility 100 also improves.  This is apparent also from the fact that in Fig. 8, the error 10 

between the estimation value X
*
 and actual measurement value X

#
 of the object power 

consumption is small. 

[0050] The configuration described above is merely an example.  As far as multiple 

regression analysis is performed by at least taking the time-series data of the total power 

consumption as an objective variable, and the time-series data of the operation 15 

parameters of the plurality of object facilities and the components of the plurality of 

reference signals, as explanatory variables, to find the power consumption of each of the 

plurality of object facilities, then, other configurations may be changed as necessary.  

For example, the mode of the plurality of reference signals may be changed as 

necessary.  For example, in the above description, an inverted V-shaped signal having 20 

a width W corresponding to 12 hours is employed as the reference signal.  However, 

the width W of the inverted V shape of the reference signal may be changed as 

necessary, as illustrated in Fig. 9.  In Fig. 9, the width W of the reference signal Ri 

corresponds to 24 hours, 16 hours, 12 hours, and 8 hours from the top sequentially.  

Also, in any of these cases, the phases of the plurality of reference signals ri are shifted 25 
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by W/2. 

[0051] The plurality of reference signals ri are classified into two signal groups or 

more.  A width W of an inverted V shape of a reference signal ri belonging to one 

signal group may be different from a width W of an inverted V shape of a reference 

signal ri belonging to another signal group.  For example, the plurality of reference 5 

signals ri may be combinations of the four types of reference signals ri illustrated in Fig. 

9.  The non-monitored power consumption may be simulated by the plurality of 

reference signals ri as illustrated in Fig. 10. 

[0052] So far, a signal expressed by the Gaussian function has been used as the 

reference signal.  However, the shape of the reference signal may be changed as 10 

necessary.  Note that the basis function expressing the reference signal is desirably a 

function in which a leading edge of an inverted V shape or of a rectangle rises only 

once. 

Reference Signs List 

[0053] 10: power consumption estimation device; 12: CPU; 14: storage device; 16: 15 

input device; 18: output device; 20: communication I/F; 22: bus; 32: total power vector 

generation unit (total power consumption acquisition unit); 34: status matrix generation 

unit (operation status acquisition unit); 36: reference signal generation unit; 38: 

contribution degree estimation unit; 40: contribution degree storage unit; 42: breakdown 

calculation unit (power consumption estimation unit); 44: power consumption storage 20 

unit; 100: object facility; 102: non-monitored facility; 103: power supply line; 104: 

electric power meter; 106: power supply; 110: architectural structure management 

system; 112: total power consumption storage unit; 114: operation status storage unit. 
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CLAIMS 

[Claim 1] A power consumption estimation device which estimates power 

consumption of each of one object facility or more which are installed in a 

predetermined area and whose operation statuses can be monitored, the power 

consumption estimation device comprising: 5 

 a total power consumption acquisition unit to acquire time-series data of total 

power consumption which is power consumption of the predetermined area as a whole; 

 an operation status acquisition unit to acquire time-series data of an operation 

parameter numeralized from the operation statuses of the one object facility or more; 

 a reference signal generation unit to generate one reference signal or more each 10 

expressed by a predetermined basis function; 

 a contribution degree estimation unit to perform multiple regression analysis 

by taking the acquired total power consumption as an objective variable, and the 

acquired operation parameter of the one object facility or more and a component value 

of the generated one reference signal or more, as explanatory variables, to thereby 15 

calculate a contribution degree of each of the one object facility or more to the total 

power consumption; and 

 a power consumption calculation unit to multiply the contribution degree of 

the object facility and the operation parameter of the object facility, to thereby calculate 

power consumption of the object facility. 20 

[Claim 2] The power consumption estimation device according to claim 1, 

 wherein the power consumption calculation unit calculates power consumption 

of each of the one target facility or more of each time period, to thereby generate a 

breakdown of the total power consumption of each time period. 

[Claim 3] The power consumption estimation device according to claim 1 or 2, 25 
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 wherein the basis function is a function in which a leading edge of a substantial 

inverted V shape or of a substantial rectangle rises only once. 

[Claim 4] The power consumption estimation device according to claim 3, 

 wherein each reference signal is a signal in which a signal expressed by the 

basis function is repeated every unit time. 5 

[Claim 5] The power consumption estimation device according to claim 3 or 4, 

 wherein the one reference signal or more are classified into one signal group or 

more, and 

 wherein each signal group includes a plurality of reference signals whose 

shapes are the same and whose phases are different from each other. 10 

[Claim 6] The power consumption estimation device according to claim 4, 

 wherein the one reference signal or more belonging to the same signal group 

are each expressed by a substantial inverted V-shaped function having an inverted V 

shape with a width W, and have phases being shifted from each other by W/2. 

[Claim 7] The power consumption estimation device according to claim 5, 15 

 wherein the one reference signal or more are classified into two signal groups 

or more, and 

 wherein a width of an inverted V shape of a reference signal belonging to one 

signal group is different from a width of an inverted V shape of a reference signal 

belonging to another signal group. 20 

 


