
PREDICTED MEAN VOTE ESTIMATING DEVICE AND COMPUTER PROGRAM 

PRODUCT 

FIELD 

[0001] 	Embodiments described herein relate generally to a 

predicted mean vote (PMV) estimating device and a computer program 

product of the PMV estimating device, for estimating a PMV which 

is a quantitative index for human thermal sensation. 

BACKGROUND 

[0002] 	Currently, it has been desired to promote energy 

saving at consumer's end, 	such as in buildings or houses. 

Furthermore, due to an influence of the earthquake disaster and 

tight power demand and supply, a solution for saving more energy 

(power saving) has been desired. Thus, it has been increasingly 

important to promote the energy saving at the consumer's end. 

[0003] 	Recently, there is a discussion to introduce a 

"demand-response," which suppresses a power consumption at the 

consumer's end, in a next generation power system (referred to 

as the Smart Grid). Here, the next generation power system is 

realized by establishing a communication environment between the 

power supplier's end and the power consumer's end. It is 

considered that, in the future, 	the energy saving at the 

consumer's end aiming for overall optimization of the power usage, 

such as adjustment or systematic stabilization of the power demand 

and supply, becomes more familiar. 

[0004] 	In order to realize increasing the energy saving at 

the consumer's end, it is necessary to correctly understand 

environment of a room of the consumer. For example, an energy 

consumption of air conditioning related devices that maintain 

environment, such as a room temperature and room humidity, takes 

up approximately one fourth of the energy consumption of the 

entire office building. Thus, if excess heating or cooling is 

recognized and optimized, there is a possibility that large energy 

saving effect is obtained. 

[0005] 	There is known an index referred to as a predicted 
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mean vote (PMV), which is employed as a standard thermal comfort 

index (standard heat index) of the International Organization for 

Standard (ISO) 7730. The PMV is an index obtained by obtaining 

an unbalanced heat with respect to the environment, and by 

associating the unbalanced heat with thermal sensation. 

Accordingly, there has been proposed a technique to control air 

conditioning by using the PMV as a control index for the air 

conditioning, in order to improve comfort and to increase energy 

saving by removing the excess cooling and the heating. 

[0006] 	However, in the conventional technology, there is no 

consideration on influence of a temperature change in a solar 

radiated article that directly receives solar radiation. Here, 

the solar radiated article is, for example a blind for blocking 

solar radiation from entering into a room via a window. Thus, the 

PMV estimated by the conventional technique might be different 

from that of the actual environment. If such PMV is used as the 

control index for the air conditioning or the like, there is a 

possibility that a predicted room environment of the air 

conditioning or an energy saving effect cannot be obtained. 

[0007] 	A problem to be solved by the present invention is 

to provide a predicted mean vote estimating device capable of 

correctly estimating a practical predicted mean vote. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] 	A general architecture that implements the various 

features of the invention will now be described with reference 

to the drawings. The drawings and the associated descriptions are 

provided to illustrate embodiments of the invention and not to 

limit the scope of the invention. 

[0009] 	FIG. 1 is a functional block diagram of a predicted 

mean vote (PMV) estimating device according to a first embodiment; 

FIG. 2 is a flowchart of operations of the PMV estimating 

device in the first embodiment; 

FIG. 3 is a graph illustrating a distribution of an average 

radiation temperature estimated by the PMV estimating device, in 

the first embodiment; 
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FIG. 4 is a functional block diagram of a PMV estimating 

device according to a second embodiment; 

FIG. 5 is a flowchart of operations of the PMV estimating 

device in the second embodiment; 

FIG. 6 is a functional block diagram of a PMV estimating 

device according to a third embodiment; 

FIG. 7 is a graph illustrating a relationship between a PV 

output ratio and an amount of clouds (e.g., that of March in West 

Tokyo) in the PMV estimating device in the third embodiment; 

FIG. 8 is a functional block diagram of a PMV estimating 

device according to a fourth embodiment; 

FIG. 9 is a flowchart of operations of the PMV estimating 

device in the fourth embodiment; 

FIG. 10 is a functional block diagram of a PMV estimating 

device according to a fifth embodiment; 

FIG. 11A and 11B are flowcharts of operations of the PMV 

estimating device in the fifth embodiment; and 

FIG. 12 is a diagram illustrating a hardware configuration 

common to the PMV estimating devices of the first embodiment to 

the fifth embodiment. 

DETAILED DESCRIPTION 

[0010] 	In general, according to one embodiment, a predicted 

mean vote (PMV) estimating device calculates a PMV value from an 

average room radiation temperature, a room temperature, a room 

humidity, a room air velocity, an amount of cloth worn by a person 

in the room, and an amount of activity of the person in the room. 

The PMV estimating device comprises: an indoor solar radiation 

calculator; a solar radiated article temperature estimator; and 

an average radiation temperature estimator. The indoor solar 

radiation calculator calculates an amount of solar radiation 

entered into the room. The solar radiated article temperature 

estimator estimates a temperature of a solar radiated article 

receiving the solar radiation entered into the room, by using the 

amount of solar radiation entered into the room calculated by the 

indoor solar radiation calculator. The average radiation 
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temperature estimator estimates the average room radiation 

temperature by using the temperature of the solar radiated article 

estimated by the solar radiated article temperature estimator. 

[0011] 	In order to estimate a PMV, it is necessary to 

understand total of six factors, which are: an amount of activity 

and an amount of worn cloth as human factors; and a temperature, 

a humidity, an average radiation temperature, and an air velocity 

as environmental factors. The average radiation temperature is 

a surface temperature of a virtual closed space at a uniform 

temperature, which exchanges the same amount of heat radiation 

as the amount of heat radiation exchanged between the person in 

the room and the surrounding environment. The average radiation 

temperature is calculated by using a surface temperature of a wall 

or a sealing around the person in the room. In a first embodiment, 

the PMV is estimated by a PMV estimating device including the 

following configurations. 

[0012) 	As illustrated in FIG. 1, a PMV estimating device 1 

according to the first embodiment comprises: an indoor solar 

radiation calculator 10; a solar radiated article temperature 

estimator 11; an average radiation temperature estimator 12; and 

a PMV arithmetic unit 13. The indoor solar radiation calculator 

10 calculates an amount of solar radiation entered into the room 

through a window (or a window glass) . The solar radiated article 

temperature estimator 11 estimates a temperature of a solar 

radiated article, such as a blind or a drape, due to the amount 

of solar radiation in the room acquired by the indoor solar 

radiation calculator 10. The average radiation temperature 

estimator 12 estimates the average radiation temperature by using 

the solar radiated article temperature acquired by the solar 

radiated article temperature estimator 11 and temperatures of a 

wall, a sealing and a floor other than the solar radiated article. 

The PMV arithmetic unit 13 estimates a PMV from the average 

radiation temperature acquired by the average radiation 

temperature estimator 12 and from a room temperature and humidity, 

an air velocity, an amount of worn cloth, and an amount of activity. 

In the following, it is assumed that the solar radiation is entered 
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into the room through the window glass. Further, an article placed 

at a window side (near window), such as mainly a blind or a drape, 

is assumed to be the solar radiated article; however, it is not 

so limited. 

[0013] 	Detailed operations of each unit are explained with 

reference to a flowchart of FIG. 2. The left hand side column of 

FIG. 2 represents input parameters required for the PMV estimation. 

The right hand side column of FIG. 2 represents setting parameters 

unique to a building. Here, the recitations of the right hand side 

column are each placed between angle brackets. 

[0014] 	The indoor solar radiation calculator 10 performs a 

sequence of operations from S1 to S4 illustrated in FIG. 2. At 

Si, a position of the sun is calculated based on current date d, 

current month m, and current time ti. For example, the position 

of the sun is defined by a solar altitude h [deg.] and a solar 

azimuth angle A [deg.] as illustrated in following Equations (1) 

and 	(2) . 

[0015] 

sin h 	in 
i 
— 

\ 
g • sin 

/ 
cqm'd 

( 	180
) 

g)+ cos( 9  7r• ) cos( (5(m' d) 	) • cosit( m'd'")  
,180 180 180 k, 	180 	

g) 

(1) 

[0016] 
_ \ 	(412,d 	\- 

A — cos 
• g)•sin(- 9-2- 

180 i_
— 

j 
71.  sin( h  

ig o , 	180 
(2) 

• R.) • cos( -92--- r) cos(—h 
180 180 

[0017] 	In the above equations, cp represents a latitude [deg. ] 

of where the calculation is taken place, 8 represents a declination 

[deg.] of the sun, 	and t represents an hour angle 	[deg.] . The 

declination 8 of the sun is represented as function of day of year 

(1 for January 1st and 365 for December 31st) , and can be calculated 

from the current month d and the date d. Further, the hour angle 

t is calculated from the current time ti, an equation of time (which 

is function of the day of year, and can be calculated from the 

current month m and the date d) , a longitude of where the 

calculation is taken place, and a standard longitude of the 
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central standard time (regarding the declination of the sun and 

the hour angle, see for example ""Journal of the Society of Heating, 

Air-Conditioning and Sanitary Engineers of Japan, Title II, 

Air-Conditioning Facility", 11th  Edition, the Society of Heating, 

Air-Conditioning and Sanitary Engineers of Japan, p. 68") . Then, 

by using the position of the sun obtained as mentioned above, an 

incident angle i [deg.] of the sun by following Equation (3) . In 

the following equation, 0 represents an inclination angle [deg.] 

of a calculation surface (window surface) from a horizontal plane, 

and a represents a wall azimuth angle 	[deg.] . 

[0018] 

4  0 • si.4---9  A - a 	\ 
cosi 	i.11(—h  cos 7r). 

180 
— • 7T) +COS(—h 	71") 
180 	180 

7r)• 
180 

•cos 	TC 
180 	, 

(3) 

[0019] 	Next, at 53, an amount Is  [kcal/m2.h] of diffuse solar 

radiation and an amount Id [kcal/m2.h] of direct solar radiation 

at a plane of calculation are derived by using the aforementioned 

incident angle i of the sun. 

[0020] 
/ 	1 	\ 

Id=  4  x  punh X cosi 	 (4) 
\ 

[0021] 

Is = [1 + COS 
0 

]/2Xi 	 ( 5 ) sk y ir 
\ 180 	1 

[0022] 	Here, ID represents a sun multiplier (an amount of 

outer space direct solar radiation) , Isky represents an amount of 

horizontal diffuse solar radiation, and P represents an 

atmospheric transmittance. Isky can be calculated by using 

following Equation 	(6) . 

[0023] 

I Ay  = sin h x 
/ 	1 \ 

i -4 • P' h  i X (O.66 - 0.32 x sin h ) x [0.5 + (0.4 - 0.3 • P) x sin h] 
/ 

(6) 

[0024] 	Next, 	at S4, 	an amount Ig, 	[kcal/m2.h] 	of solar 
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radiation in the room is calculated by following Equation (7) . 

[0025] 

1g, = [id  x GAO>: rif, ] + Vs  x Cd  X Irv) 	 (7) 

[0026] 	In the above equation, Cid represents a transmittance 

ratio of a standard glass by incident angles, and. is function of 

the incident angle i of the sun (1 if the incident angle i=0 [deg.] ) . 

Further, Cd  represents a transmittance ratio of diffuse solar 

radiation at its vertical incidence, 	and Tw  represents a 

transmittance of the glass with respect to the solar radiation 

at its vertical incidence. The amount of the solar radiation in 

the room, which is entered into the room via the window glass, 

can be calculated by the aforementioned operations. 

[0027] 	Next, the solar radiated article temperature 

estimator 11 performs a sequence of operations from S5 to S7. 

[0028] 	At S5, a temperature Tbr  [°C] of the solar radiated 

article such as a blind or a drape is temporarily determined. Then, 

at S6, an amount of heat dissipation via convection and an amount 

of heat dissipation via radiation are calculated. The amount Qt 

[kcal/m2 ] of heat dissipation via convection can be calculated 

by following Equation 	(8) , while assuming heat-transfer by 

natural convection at vertical plate. 

[0029] 

( 	‘ 	2,(7') 
Nu(T 	H Qf  = x (Tbr  - T)x 2 	 (8) br,T , 	1,, )x 

I 1 br , 1  

[0030] 	In the aforementioned equation, Nu represents an 

average Nusselt number, which can be obtained from, for example, 

the temperature Tbr  [°C] of the solar radiated article (temperature 

of the heated body) , the room temperature T [°C] , and the height 
.. 

Fib, [m] of the solar radiated article (regarding Nusselt number, 

see for example ""Journal of the Society of Heating, 

Air-Conditioning and Sanitary Engineers of Japan, Title I, Basic", 

11th  Edition, the Society of Heating, Air-Conditioning and 

Sanitary Engineers of Japan, p. 171". Further, X represents a heat 



conductivity [kcal/ (m.k) ] , and it is function of a room 

temperature T (regarding the heat conductivity, see for example 

"Heat Transfer", 	3rd  Edition, the Japan Society of Mechanical 

Engineers, p. 	300) ) . On the other hand, 

the amount Qr  [kcal/m2 ] of heat dissipation by radiation is for 

example calculated by following equation (9) . Here, a represents 

Stefan-Boltzmann constant 	[W/ (m2.1e) ], 	and abr  represents 

radiation ratio (absorption ratio) of the solar radiated article. 

[0031] 

(273.15+ Thr  y — (273.15+T)4  
Qr =crxebrx 

	

	 (9) 
4186.8 

[0032] 	From above, at S7, a heat balance equation of the solar 

radiated article can be formulated as in following Equation (10) . 

[0033] 

/gr X sbr 	
(Qf 	) = ° ÷ a 	 (10) 

3600 

[0034] 	By repeatedly calculating the temperature Tbr  [°C] of 

the solar radiated article that satisfies the equation (10), the 

temperature of the solar radiated article, such as the blind or 

the drape, can be estimated. 

[0035] 	The average radiation temperature estimator 12 

derives an average radiation temperature Trad [°C] at a point where 

the PMV is to be estimated, by using the temperature Tbr of the 

solar radiated article estimated as described above. The average 

radiation temperature T rad [°C] 	can be calculated by following 

equation (11) , where alb, represents a solid angle [sr] of the 

solar radiated article as viewed from the point where the PMV is 

to be estimated, ono represents a solid angle [sr] of each surfaces 

in the room (wall surface, sealing surface, and the floor surface) 

other than the solar radiated article as viewed from the point 

where the PMV is to be estimated, and To represents a temperature 

[°C] 	of the each surface in the room (S8) . 

[0036] 
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T rad  = 
, • (Tor  +273.15)4 +

7t 
 Al, •(To  +273.15)41 273.15 	(11) 

4

[d 

[0037] 	At last, the PMV arithmetic unit 13 estimates a 

current PMV by a known PMV mathematical formula or its regression 

formula, by using the estimated average radiation temperature Traci 

[°C], and a measured or set room temperature T [°C], a measured 

or set room humidity H [%] , a measured or set room air velocity 

V [m/s], a measured or set amount C [clo] of worn cloth of a person 

in the room, and a measured or set amount M [met] of the activity 

(S9). 

[0038] 	FIG. 	3 illustrates an example of a result of the 

calculation of the average radiation temperature of the room 

estimated as described above. It can be recognized from FIG. 3 

that the average radiation temperature is high at a point near 

the solar radiated article, and that the average radiation 

temperature gradually decreases as the distance from the solar 

radiated article (depth of the room) increases. That is to say, 

the result of the aforementioned calculation represents a 

distribution of the average radiation temperature which takes 

into account the influence of the temperature of the solar 

radiated article, such as the blind or the drape, heated by the 

solar radiation. As described above, according to the PMV 

estimating device of the present embodiment, the average 

radiation temperature can be estimated by taking into account the 

influence of the solar radiated article heated by the solar 

radiation entered into the room. Further, by deriving the average 

radiation temperature by using the solid angle of the solar 

radiated article as viewed from the point where the PMV is to be 

estimated or by using the solid angle of the each surfaces of the 

room as viewed from the point where the PMV is to be estimated, 

the PMV at an arbitrary point in a room can be estimated correctly 

while taking into account the influence of the solar radiated 

article near the window. Still further, a practical PMV can be 

estimated correctly with minimum number of sensors. 

[0039] 	A PMV estimating device according to a second 
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embodiment is configured so as to be capable of correctly 

estimating a PMV in accordance with a change in weather, by 

detecting a momentarily changing amount of solar radiation, by 

calculating a temperature of the solar radiated article in 

accordance with the detected amount of the solar radiation, and 

by estimating the average radiation temperature. In the present 

embodiment, the estimation of the PMV is performed by the PMV 

estimating device having the following configurations. 

[0040] 	FIG. 4 is a functional block diagram of the PMV 

estimating device according to the second embodiment. In FIG. 4, 

the same configurations as that of the PMV estimating device of 

the aforementioned first embodiment illustrated in FIG. 1 are 

denoted by the same reference numerals, and explanations thereof 

are to be omitted. 

[0041] 	As illustrated in FIG. 4, a PMV estimating device 2 

of the present embodiment includes: a solar radiation detecting 

device 14 that detects an amount of solar radiation; and a cloud 

amount estimator that estimates an amount of clouds from the 

amount of solar radiation detected by the solar radiation 

detecting device 14, to simulate a condition in which the solar 

radiation is blocked in accordance with weather. 

[0042] 	Next, operations of the PMV estimating device of the 

present embodiment is explained with reference to a flowchart of 

FIG. 5. The left hand side column of FIG. 5 represents input 

parameters required for a sequence of operations of PMV estimation, 

and the right hand side column in FIG. 5 represents quasi-fixed 

setting parameters. Here, the recitations of the right hand side 

column are each placed between angle brackets. S3-(2) and S3-(3) 

are the only difference from FIG. 2 illustrating the operation 

flow of the aforementioned first embodiment. 

[0043] 	At S3, 	the amount Id 	[kcal/m2•h] 	of direct solar 

radiation and the amount Is  [kcal/m2•h] of diffuse solar radiaton 

are derived by using the incident angle i of the sun (see Equations 

(4) and (5)). However, the amount of the solar radiation changes 

largely due to momentarily changing weather. Factors for such 
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change are, blockage of the solar radiation by clouds, and changes 

in an atmospheric transmittance due to changes in temperature and 

humidity. Thus, there is introduced an amount CC of clouds, which 

is a correction coefficient for estimating an amount of solar 

radiation decreased due to the aforementioned weather. 

Accordingly, at S3-(2), the cloud amount estimator 15 estimates 

the amount of clouds which differs by weather condition. Here, 

the amount CC of clouds is assumed to be a dimensionless quantity 

of an arbitrarily value between 0 to 10. An amount Ides [kcal/m2.h] 

of direct solar radiation and an amount Isc  [kcal/m2.h] of diffuse 

solar radiation, which take into account the aforementioned 

weather condition, are expressed by following Equations (12) and 

(13). 

[0044] 

r 	1  
C --)x 4 •Psin h  • COS i (12)  Id,=(1—coef_CC C 
10 \ 	I 

[0045] 
... 

CC 1+cos 
i 8 

7r
)] 

0, 
 

x
4
-

2  
,/,.,. = (1 -coef _CC • 

10 
—)x 

080  
(13)  

[0046] 	As the solar radiation detecting device 14, a solar 

radiation sensor horizontally placed at a rooftop is assumed. 0=0 

[deg.] and the incident angle i [deg.] of the sun thereof, obtained 

by Equation (3), 	are substituted into Equations 	(12) and (13). 

Then, the amount of clouds can be estimated by deriving a value 

of CC satisfying, 	for example, 	following Equation 	(14). 

[0047]  

CC = 

	

/10 	
amount of solar radiation measured by solar radiation detecting device 

	

10 	 x10 
4 -1- Isc 

(14)  

[0048] 	In equations 	(12) and (13), coef_CC is a parameter 

of a degree of influence of the amount of clouds, and can be set 

to an arbitrarily value in accordance with conditions. By using 

the amount CC of clouds estimated as mentioned above, the amount 

Ids [ccal/m2-h] 	of direct solar radiation and the amount Isc 
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[kcal/m2.h] of diffuse solar radiation at each window surface where 

the solar radiated article is placed are obtained by Equations 

(12) 	and 	(13) 	at S3(3), while taking into account the weather 

condition. The subsequent operations are the same as that of the 

operation flow of the first embodiment as illustrated in FIG. 2, 

thereby the explanations thereof are omitted. 

[0049] 	According to the above described PMV estimating 

device of the present embodiment, it becomes possible to estimate 

the temperature of the solar radiated article, such as a blind 

or a drape, while taking into account the change in the amount 

of the solar radiation due to the weather condition. Further, by 

evaluating the average radiation temperature using the estimated 

temperature, it becomes possible to correctly estimate the PMV 

corresponding to the momentarily changing solar radiation 

environment. 

[0050] 	In comparison to the above second embodiment, a PMV 

estimating device of a third embodiment uses a solar power 

generator as the solar radiation detecting device. 

[0051] 	FIG. 	6 is a functional block diagram of the PMV 

estimating device according to the third embodiment. In FIG. 6, 

the same configurations as that of the PMV estimating device of 

the aforementioned second embodiment are denoted by the same 

reference numerals, and the explanations thereof are omitted. 

[0052] 	In a PMV estimating device 3 of the present embodiment, 

the cloud amount estimator 15 is configured to preliminarily hold 

a relational expression or a correspondence table between an 

amount of clouds and a ratio of power generation of a solar power 

generator 16, 	as illustrated in FIG. 	7, in accordance with a 

characteristic, location, season, time, and/or the like of the 

solar power generator 16 as the solar radiation detecting device. 

The cloud amount estimator 15 can estimate the amount of clouds 

from the momentarily changing amount of electricity generated by 

solar power based on the relational expression or the 

correspondence table. 

[0053] 	Operations of the PMV estimating device 3 of the 

12 



present embodiment are same as that of the PMV estimating device 

2 of the aforementioned second embodiment, except that the amount 

of clouds is estimated based on the relational expression or the 

correspondence table between the amount of clouds and the ratio 

of power generation (ratio with respect to the maximum amount of 

generated electricity on sunny day by each season) of the solar 

power generator 16. 

[0054] 	According to the PMV estimating device of the present 

embodiment, by utilizing the solar power generator 16, which has 

recently been widely introduced, as the solar radiation detecting 

device, it becomes unnecessary to install an additional equipment 

for detecting the amount of solar radiation. Accordingly, cost 

can be reduced as well as effort for the maintenance and the 

management can be saved. 

[0055] 	A PMV estimating device of a fourth embodiment is 

configured so as to be able to correctly estimate a PMV at an 

arbitrary point in the room while taking into account the 

influence of changes in temperature of the solar radiated article 

by the window, by introducing an average radiation temperature 

using a solid angle corresponding to a relative positional 

relationship between the point where the PMV is to be estimated 

and the window or the wall. In the present embodiment, the PMV 

is estimated by a PMV estimating device having the following 

configurations. 

[0056] 	FIG. 	8 is a functional block diagram of the PMV 

estimating device according to the fourth embodiment. In FIG. 8, 

the same configurations as that of the PMV estimating device of 

the aforementioned second embodiment illustrated in FIG. 4 are 

denoted by the same reference numerals, and the explanations 

thereof are to be omitted. 

[0057] 	The PMV estimating device 4 of the present embodiment 

additionally comprise an atmospheric radiation temperature 

estimator 17. The atmospheric radiation temperature estimator 17 

estimates an atmospheric radiation temperature from an amount of 

solar radiation in the room due to the diffuse solar radiation, 

from among the amount of solar radiation calculated by the indoor 
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solar radiation calculator 10. Accordingly, the PMV estimating 

device 4 estimates a practical average radiation temperature, 

even in a case when the window side of a blind, a drape, and/or 

the like are not entirely covered by the solar radiated article. 

In order to construct the present embodiment, it is assumed that 

there is no direct solar radiation from an opening at the window 

side. This is because it is often the case that, if there exists 

direct solar radiation, a person in the room normally blocks the 

direct solar radiation by moving the solar radiated article, such 

as a blind or a drape, and adjusting a degree of opening of the 

window. 

[0058) 	Operations of the PMV estimating device of the present 

embodiment is explained with reference to the flowchart of FIG. 

9. The difference from FIG. 5, which is the operation flow of the 

aforementioned second embodiment, is that S10 is added. 

[0059] 	At S4, 	the indoor solar radiation calculator 10 

derives the amount I'qr  [kcal/m2•h] of solar radiation in the room 

due to diffuse solar radiation by following Equation (15). 

[0060] 

Pr= /, xCa  xrff, 	 (15) 

[0061] 	Here, Is  represents an amount [kcal/m2•h] of diffuse 

solar radiation, 	and calculated by Equation 	(15). Further, Cd 

represents a transmittance ratio with respect to diffuse solar 

radiation when its incident angle is vertical, and Tw represents 

a transmittance of a glass at the time of vertical incidence. 

[0062] 	Next, at S10, the atmospheric radiation temperature 

estimator 17 estimates an atmospheric radiation temperature Tai, 

[°C] by using the amount I'gr  of the solar radiation in the room 

due to the aforementioned diffuse solar radiation. This is 

estimated by using a relational expression or a correspondence 

table between an amount of solar radiation in the room due to the 

diffuse solar radiation preliminarily measured at, for example, 

a building surface facing the North where there is not direct solar 

radiation and an atmospheric radiation temperature at this 

measurement. 
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[0063] 	Then, at S8, an average radiation temperature T,ad [ 00] 

at the point where the PMV is to be estimated is derived by 

following Equation 	(16) , by using the atmospheric radiation 

temperature Tair  obtained as mentioned above. 

[0064] 

T = rad 
vi (C/g/b, — dab, ). (717 + 273.15r + dab, • (Ta ft. +273.15)+ dap  • (T0  + 273.15) 7 ' 

273.15 
4 7r 

(16) 

[0065] 	Here, c1C/br  represents a solid angle [sr] of the solar 

radiated angle as viewed from the point where the PMV is to be 

estimated; dS2' br  represents a solid angle [sr] of an opening of 

the solar radiated article as viewed from the point where the PMV 

is to be estimated; dQo represents a solid angle 	[sr] of each 

surface in the room other than the solar radiated article, as 

viewed from the point where the PMV is to be estimated; Tbr 

represents a temperature of the solar radiated article; and To 

represents a temperature [00] of each surface in the room other 

than the solar radiated article. 

[0066] 	dgr br  is calculated by following Equation (17) by 

using a coefficient a (e.g., 0 when fully closed and 1 when fully 

opened), which represents a degree of opening of the solar 

radiated article such as a blind or a drape, with respect to the 

solid angle dObr  of the solar radiated article as viewed from the 

point where the PMV is to be estimated. 

[0067] 

dab, = dClb„ x a 	 (17 ) 

[ 0068 ] 	Other operations are the same as that of the operation 

flow of the second embodiment illustrated in FIG. 5, thereby the 

explanations thereof are omitted. 

[0069] 	According to the PMV estimating device of the present 

embodiment described above, even if the solar radiated article 

such as a blind or a drape is not fully closed, an average radiation 

temperature and a PMV that match the actual practice can be 

estimated. In the above, additional functions, operations, and 
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effects specific to the present embodiment are explained over the 

configuration of the second embodiment; however, the additional 

functions specific to the present embodiment may be applied to 

the aforementioned first embodiment or the third embodiment. 

[0070] 	A PMV estimating device of a fifth embodiment is 

configured so as to be able to correctly estimate a PMV at an 

arbitrary point in the room while taking into account heat 

transfer with respect to an outside air via a window and transfer 

of radiation energy between inside and outside of the room except 

for that of the solar radiation. In the present embodiment, the 

PMV is estimated by a PMV estimating device having the following 

configurations. 

[0071] 	FIG. 10 is a functional block diagram of the PMV 

estimating device according to the fifth embodiment. In FIG. 10, 

the same configurations as that of the PMV estimating device of 

the aforementioned second embodiment illustrated in FIG. 4 are 

denoted by the same reference numerals, and the explanations 

thereof are omitted. 

[0072] 	In comparison to the PMV estimating device 2 of the 

second embodiment, PMV estimating device 5 of the present 

embodiment is further provided with an outside-air-based 

temperature change estimator that estimates change in temperature 

of a solar radiated article such as a blind or a drape due to the 

influence of the heat transfer with respect to the outside air 

via the window or the transfer of the radiation energy between 

inside and outside the room except for that of the solar radiation. 

[0073] 	Next, operations of the PMV estimating device of the 

present embodiment are explained with reference to the flowchart 

of FIG. 11. Differences from the operation flow of the 

aforementioned second embodiment illustrated in FIG. 5 are S4- (2) , 

S4-(3), 	and S6- (2) . 

[0074] 	In the present embodiment, at S4- (2) , it is determined 

whether there exists solar radiation. If it is determined that 

there exists solar radiation (Yes at S4- (2) ) , the process moves 

to S5 and the subsequent steps. If it is determined that there 

exists no solar radiation (No at S4- (2) ), the temperature Tb 	of 
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the solar radiated article is calculated, at S4- (3) , similarly 

as described above, and the process moves to S8. 

[0075] 	At S6- (2) , the outside-air-based temperature change 

estimator 18 estimates change in temperature ATbr  [ °C ] of the solar 

radiated article such as the blind or the drape due to the influence 

of the heat transfer with respect to the outside air via the window 

or the transfer of the radiation energy between inside and outside 

the room. 

[0076] 	The change in temperature ATbr [°C) 	of the solar 

radiated article is estimated by a relational expression based 

on an outside air temperature, a room temperature, and a 

temperature of the solar radiated article, measured during the 

night when there exists no solar radiation. That is to say, it 

is derived how much the temperature of the solar radiated article 

change from the room temperature, in accordance with the 

difference between the outside air temperature and the room 

temperature, by for example following relational Equation (18) . 

[0077] 

ti7;,, = K . (Tow  - T) 	 (18) 

[0078) 	In the aforementioned equation, K represents a 

proportional constant, and set based on the outside air 

temperature, the room temperature, and the temperature of the 

solar radiated article measured at night when there exists no 

solar radiation. 

[0079] 	Next, 	at S7, the temperature Tbr  [°C] 	of the solar 

radiated article such as the blind or the drape is estimated by 

using the aforementioned change in temperature ATbr  of the solar 

radiated article. The method for estimating the temperature of 

the solar radiated article changes depends of whether the solar 

radiation exists. If there exists solar radiation, the 

temperature ATbr  [°C] of the solar radiated article is estimated 

so that a heat balance equation of the solar radiated article 

illustrated in following Equation (19) 	is satisfied. 

[0080] 
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0 + 	Ali,r *Chr)-= ° f (TO 	a (Thr)+ 	 (19) 

3600 

[0081] 	Here, Cbr  represents a specific heat of the solar 

radiated article, such as a blind or a drape. On the other hand, 

if there exists no solar radiation, the temperature ATbr  [°C] of 

the solar radiated article is calculated by following equation 

(20) . 

[0082] 

Tn. = T + ATb, 	 (20) 

[0083] 	Other operations are the same as that of the operation 

flow of the second embodiment as illustrated in FIG. 5, thereby 

the explanations thereof are omitted. 

[0084] 	As described above, the PMV estimating device of the 

present embodiments estimate the temperature of the solar 

radiated article, such as a blind or a drape, by taking into account 

the influence of the heat transfer with respect to the outside 

air via a window or the transfer of the radiation energy between 

inside and outside of the room except for that of the solar 

radiation. Thus, it becomes capable to estimate a practical 

temperature of the solar radiated article and a practical average 

radiation temperature, especially in the night time or in winter 

when there is a large temperature difference between indoor and 

outdoor. Therefore, it becomes possible to correctly estimate a 

practical PMV. Here, the additional functions, their operations 

and effects specific to the present embodiment are explained with 

respect to the configurations of the second embodiment. However, 

the additional functions specific to the present embodiment may 

be applied to the aforementioned first embodiment, the third 

embodiment, or the fourth embodiment. 

[0085] 	As mentioned above, various embodiments are 

described. As described above, the PMV estimating device 

according to the first to the fifth embodiment can correctly 

estimate a practical PMV. The PMV estimating device of the 

aforementioned embodiments can be applied to an air conditioning 

control devices or the like for controlling the air conditioning 
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of the buildings based on the PMV value. 

[0086] 	FIG. 12 illustrates a hardware configuration common 

to the PMV estimating devices according to the first to the fifth 

embodiments. As the hardware configuration, the PMV estimating 

device comprises: a read only memory (ROM) 102 storing an initial 

program such as a boot program or the like; a hard disk drive (HDD) 

103 storing a processing program or the like describing an 

operating system (OS) or each of various aforementioned process; 

a random access memory 104 temporarily storing various data 

necessary for process by CPU 101; and an input and output interface 

(I/F) 105 for performing input and output of data with respect 

to an external device; and a bus 110 for connecting each portions 

thereamong. 

[0087] 	The aforementioned processing program may be stored 

in a computer readable recording medium, such as a compact disk 

read only memory (CD-ROM) , a floppy disk (FD) , and/or a digital 

versatile disk (DVD), as a installable or executable file, and 

provided. Further, the aforementioned processing program may be 

stored on a computer connected to a network such as the Internet, 

and provided by being downloaded via the network. 

[0088] 	While certain embodiments have been described, these 

embodiments have been presented by way of example only, and are 

not intended to limit the scope of the inventions. Indeed, the 

novel methods and systems described herein may be embodied in a 

variety of other forms; furthermore, various omissions, 

substitutions and changes in the form of the methods and systems 

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 of the inventions. 
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CLAIMS 

1. 	A 	predicted 	mean 	vote 	(PMV) 	estimating 	device 	that 

calculates 	a 	PMV 	value 	from 	an 	average 	room 	radiation 

5 temperature, 	a 	room temperature, 	a 	room humidity, 	a 	room 

air velocity, 	an amount of cloth worn by a person in the 

room, 	and an amount of activity of the person in the room, 

the PMV estimating device comprising: 

an indoor 	solar radiation calculator 	that 	calculates 

10 an amount of solar radiation entered into the room; 

a 	solar 	radiated 	article 	temperature 	estimator 	that 

estimates 	a 	temperature 	of 	a 	solar 	radiated 	article 

receiving 	the 	solar 	radiation 	entered 	into 	the 	room, 	by 

using the amount of solar radiation entered into the room 

15 calculated by the indoor solar radiation calculator; and 

an 	average 	radiation 	temperature 	estimator 	that 

estimates the average room radiation temperature by using 

the temperature of the solar radiated article estimated by 

the solar radiated article temperature estimator, wherein 

20 the solar radiated article temperature estimator 

calculates 	an 	amount 	of 	heat 	dissipation, 	and 

estimates 	the 	temperature 	of 	the 	solar 	radiated 

article based on the amount of heat dissipation, 	the 

amount of solar radiation in the room estimated by the 

25 indoor 	solar radiation calculator, 	and an absorption 

ratio 	of 	the 	solar 	radiation 	by 	the 	solar 	radiated 

article, and 

the 	average 	radiation 	temperature 	estimator 

estimates the average room radiation temperature at an 

30 arbitrary point 	in the 	room where the 	PMV is 	to be 

20 



MCSLLP 

estimated 	by 	using 	the 	temperature 	of 	the 	solar 

radiated 	article 	estimated 	by 	the 	solar 	radiated 

article temperature 	estimator, 	a 	room temperature, 	a 

solid angle 	of the 	solar 	radiated article 	as 	viewed 

5 from the point 	in 	the 	room where 	the 	PMV is 	to be 

estimated, 	a solid angle of a face in the room other 

than 	the 	solar 	radiated 	article 	as 	viewed 	from 	the 

point in the room where the PMV is to be estimated. 

10 	2. The predicted mean vote estimating device of Claim 1, 

wherein 

the 	indoor 	solar 	radiation 	calculator 	estimates 	the 

amount of the solar radiation entered into the room from 

time, 	date, 	and 	month 	of 	a 	calculation 	target, 	from 	an 

15 	angle of inclination of a plane of a window near a position 

where 	the 	solar 	radiated 	article 	receives 	the 	solar 

radiation, 	from an azimuth angle, 	and from a transmittance 

of the window with respect to the solar radiation, 

the 	solar 	radiated 	article 	temperature 	estimator 

20 	calculates the amount of heat dissipation by convection and 

radiation with respect to a surrounding environment, and 

the average radiation temperature estimator estimates 

the average room radiation temperature at the point in the 

room 	where 	the 	PMV 	is 	to 	be 	estimated 	by 	using 	the 

25 	temperature of the solar radiated article, a temperature of 

a wall, 	sealing and floor in the room other than the solar 

radiated 	article, 	the 	solid 	angle 	of 	the 	solar 	radiated 

article as viewed from the point in the room where the PMV 

is to be estimated, 	a solid angle of the wall, 	the sealing 

30 	and the 	floor 	in the 	room other than the 	solar 	radiated 
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article as viewed from the point in the room where the PMV 

is to be estimated. 

3. 	A 	computer 	program 	product 	having 	a 	non-transitory 

5 computer readable medium including programmed instructions 

for calculating a predicted mean vote 	(PMV) 	value based on 

an average room radiation temperature, 	a room temperature, 

a room humidity, 	a room air velocity, 	an amount of cloth 

worn by a person in the room, and an amount of activity of 

10 the 	person 	in 	the 	room, 	wherein 	the 	instructions, 	when 

executed by a computer, cause the computer to perform: 

calculating an amount of solar radiation entered into 

the room; 

estimating a temperature of a solar radiated article 

15 receiving 	the 	solar 	radiation 	entered 	into 	the 	room, 	by 

using the calculated amount of solar radiation entered into 

the room; and 

estimating the average room radiation temperature by 

using 	the 	estimated 	temperature 	of 	the 	solar 	radiated 

20 article, wherein 

estimating the temperature of the solar radiated 

article 	includes 	calculating 	an 	amount 	of 	heat 

dissipation 	and 	estimating 	the 	temperature 	of 	the 

solar 	radiated 	article 	based 	on 	the 	amount 	of 	heat 

25 dissipation, 	the estimated amount 	of 	solar 	radiation 

in 	the 	room, 	and 	an 	absorption 	ratio 	of 	the 	solar 

radiation by the solar article, and 

estimating the average room radiation temperature 

includes 	estimating 	the 	average 	room 	radiation 

30 temperature at an arbitrary point 	in the room where 
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the 	PMV 	is 	to 	be 	estimated by 	using 	the 	estimated 

temperature 	of 	the 	solar 	radiated 	article, 	a 	room 

temperature, 	a 	solid 	angle 	of 	the 	solar 	radiated 

article as viewed from the point in the room when the 

5 	PMV is to be estimated, a solid angle of a face in the 

room other than estimated. 

4. 	The computer program product of Claim 3, wherein 

the calculating includes estimating the amount of the 

10 	solar radiation entered into the room from time, 	date, 	and 

month of a calculation target, 	from an angle of inclination 

of 	a plane 	of 	a window 	near 	a position where 	the 	solar 

radiated 	article 	receives 	the 	solar 	radiation, 	from 	an 

azimuth angle, 	and from a transmittance of the window with 

15 	respect to the solar radiation, 

the estimating the temperature of the solar radiated 

article includes: 

calculating 	the 	amount 	of 	heat 	dissipation 	by 

convection and radiation with respect to a surrounding 

20 	environment; and 

the estimating the average room radiation temperature 

includes estimating the average room radiation temperature 

at the point in the room where the PMV is to be estimated 

by using the estimated temperature of the 	solar 	radiated 

25 	article, 	a temperature of a wall, 	sealing and floor in the 

room other than the solar radiated article, the solid angle 

of the solar radiated article as viewed from the point in 

the room where the PMV is to be estimated, a solid angle of 

the wall, 	the sealing and the floor in the room other than 
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