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Description

[0001] The invention relates to a method for controlling a heating- or cooling- and/or ventilation- and/or air-conditioning
(HVAC)-apparatus, a corresponding control unit and possible uses of the control unit. The method for controlling the
HVAC-apparatus is based on a control loop. The control loop starts off with calculating a quantity indicative of a thermal
sensation of a user from at least one user-specific parameter and data from at least one sensor. Afterwards a deviation
of this quantity from a value indicative of a target thermal sensation is computed. In the end the control loop outputs a
control variable correlating with this deviation to the heating- or cooling- and/or ventilation- and/or air-conditioning-
apparatus. During this cycle the control loop utilizes at least a body fat ratio of a user as the at least one user-specific
parameter and a room air temperature as data from the at least one sensor.
[0002] HVAC-systems are mounted in buildings and indoor spaces in order to create a thermally comfortable envi-
ronment. Generally speaking, thermal comfort is defined as a condition of mind which expresses satisfaction with the
thermal environment. However, this condition is difficult to reach since it is influenced by many parameters.
[0003] The mathematical formula according to which thermal comfort is determined in prior art is already quite elaborate
and complex.
[0004] US 2015/0045981 A1 for instance describes a control system for an air conditioning apparatus in which thermal
comfort is identified with a Predicted Mean Value (PMV) of 0. The PMV in this system is computed according to the
formula in ISO 7730 which includes atmospheric temperature, mean radiant temperature, wind speed, relative humidity,
clothing amount and metabolic amount. Among these parameters the metabolic amount is determined to be a measured
quantity. Therefore a metabolic amount measurement device, such as a pedometer, is provided recording every step
or movement of the user.
[0005] The drawback of this control system is that a constant monitoring of the user is required. Not every user,
however, is willing to carry along a pedometer or another metabolic amount measurement device. Therefore the success
of this control system depends on the compliance of the user.
[0006] Another approach to determine the thermal comfort of a user or occupant is known from US 2016/0363340 A1.
This air conditioner control system operates with a metabolic amount which has been adjusted based on specific weight,
height and age of a user. This may help some users to feel thermally more comfortable. However, if the user does not
have a standard body shape and is rather muscular or fleshy, the adjusted metabolic amount is not appropriate and the
HVAC-system causes under- or overheating/cooling. This does not only lead to a feeling of discomfort for the user. It
also causes an increased energy consumption for the domestic technology in the cases of overheating and overcooling.
[0007] JP 2011 226720 A describes a health device that gives advice for setting an air conditioner at an optimum
temperature and includes sex input means, age input means, body fat percentage input means and health temperature
storage means.
[0008] JP 2008 209077 A describes an air conditioning apparatus for adjusting air temperature in a predetermined
space comprising a skin temperature sensor for detecting an air temperature in the predetermined space and control
for controlling the air conditioning control in the predetermined space.
[0009] CN 105276765 A discloses a method for controlling an air conditioner using body type data including the steps
of obtaining a body shape data of a user including a body fat percentage or a Body mass index and the step of calculating
according to the body shape data a degree of comfort of the user.
[0010] JP 2002 119497 A discloses a personal data input means for inputting personal data of sex, age, height and
weight. Human body impedance measure rate means can measure human body impedance. Body fat percentage
calculating means can calculate a body fat percentage based on the human body impedance and the personal data.
[0011] Considering these disadvantages it is the object of the current invention to provide an improved control unit
and corresponding control method for a HVAC-system: On the one hand side the extent to which the user has to cooperate
in this control method should be minimized. On the other hand side the control method should be able to regulate the
indoor room temperature to a thermal comfort temperature of a user.
[0012] This object is achieved by the control unit according to claim 1, its use according to claim 15 and the method
according to claim 8.
[0013] The inventive control unit for a heating- or cooling- and/or ventilation- and/or air-conditioning-apparatus com-
prises a user interface via which at least one user-specific parameter can be entered and a generation unit which is
configured to

- receive the at least one user-specific parameter and also data from at least one sensor,
- calculate a quantity indicative of a thermal sensation of a user based on the at least one user-specific parameter

and the data from the at least one sensor,
- determine a deviation of this quantity from a value indicative of a target thermal sensation and
- output a control variable correlating with this deviation to the heating- or cooling- and/or ventilation- and/or air-

conditioning- apparatus,
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wherein the at least one user-specific parameter includes the body fat ratio of a user and wherein the at least one sensor
includes a temperature sensor for room air, wherein the at least one user-specific parameter further includes a clothing
rate.
[0014] The consideration of the body fat ratio of a user aims at making persons with a body shape that deviates from
the average body shape feel thermally comfortable. The need for a special control unit arises from the fact, that two
persons with the same body weight may have quite different thermal sensations and different comfort temperatures due
to a different physique. A very athletic person with a low body fat ratio is likely to have a higher metabolic amount and
will feel comfortable at lower room temperatures whereas an unathletic person with a high body fat ratio will feel more
comfortable at higher room temperatures. The clothing rate adopts different values depending on the textiles that a user
is wearing and the insulation properties of these textiles. Usually the clothing rate strongly correlates with the outdoor
temperature and the season.
[0015] Since the body fat ratio of a person is a rather constant parameter it is sufficient if the user inputs it once during
initialization of the HVAC-apparatus. An update may be necessary, but only if the body fat ratio of the user has changed
by more than 0.5 %, preferably by more than 1.0 %.
[0016] The user interface preferably allows a user to input user-specific parameters in the form of number. In one
embodiment, the user interface may be a touch user interface or a voice user interface. The touch user interface preferably
includes a touch sensitive surface which can be mounted at a wall at eye level. The voice user interface preferably
comprises a microphone.
[0017] The generation unit of the control unit can be a computational unit or a computer. The computational unit or
the computer preferably comprises a timer, at least one input unit, at least one calculation unit and at least one output
unit. In particular, the calculation unit is configured to calculate a quantity indicative of a thermal sensation of a user.
[0018] In a preferred embodiment the target thermal sensation is a neutral thermal sensation.
[0019] A neutral thermal sensation is reached in a situation in which the heat which is produced by the metabolism of
the user is equal to the amount of heat lost from the body due to the temperature difference between the skin temperature
and the temperature in the surrounding environment.
[0020] Preferably, the at least one user-specific parameter further includes a height, a weight, an activity level, an age
and/or a gender of a user.
[0021] By including height and weight in the calculation of a quantity indicative of a thermal sensation of a user it is
possible to take into account if the user is slender or rather compact.
[0022] The activity level may be considered in order to distinguish between inside spaces in which persons are doing
practical work and inside spaces in which persons sit rather motionless at a desk in front of a computer. The gender
may also be a good indicator for the estimation of the thermal comfort temperature since women are said to have a more
sensitive cooling feeling than men - they freeze faster and more violently, particularly at the extremities.
[0023] In a further preferred alternative of the control unit the at least one sensor further includes a sensor selected
from the group consisting of a sensor for measuring a temperature gradient, a temperature sensor for outdoor air, a
sensor for relative humidity, a sensor for air velocity, a temperature sensor for radiant room temperature, a sensor for
the status of a door or a window, a sensor for the number of users present in the room and combinations thereof, more
preferably a thermocouple, a thermistor, a capacitive hygrometer, a resistive hygrometer, an infrared thermometer, a
black-globe thermometer and/or a hot-wire anemometer.
[0024] Preferably, the sensor for measuring a temperature gradient is mounted indoor and is configured to measure
a vertical temperature gradient (for example a gradient due to the rise of hot air) or a horizontal temperature gradient
(due to airing or imperfect isolation in combination with the specific convection phenomena in the room).
[0025] The temperature sensor for room air, the sensor for relative humidity, the temperature sensor for radiant room
temperature and the sensor for air velocity are preferably arranged inside a room. The temperature sensor for outdoor
air is preferably located outdoor.
[0026] All data measured by the sensors may be transferred to the control unit.
[0027] Therefore the at least one sensor may be coupled with the generation unit of the control unit via electric wires.
Alternatively, the at least one sensor may also communicate with the generation unit wirelessly. A wireless communication
is especially preferred for sensors that are mounted in outside spaces or at a great distance from the core generation
unit of the control device.
[0028] Preferably the quantity indicative of the thermal sensation of a user is a Predicted Mean Vote (PMV) which is
more preferably computed according to the following set of formulae (1)-(10):
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wherein Icl is a clothing insulation [m2K/W], fcl is a clothing surface area factor, clo is a clothing rate, ta is an air temperature
[°C], tr is a mean radiant temperature [°C], var is a relative air velocity [m/s], pa is a water vapour partial pressure [Pa],
hc is a convective heat transfer coefficient [W/(m2K)], tcl is a clothing surface temperature [°C], RH is a relative humidity
[%], AL is an activity level, BSA is a body surface area [m2], BM is a basal metabolism [W/m2], W is a weight [kg], H is
a height [m], a is 0.425, b is 0.725 and c is 0.007184 and wherein the basal metabolism BM is preferably computed
according to one of the following formulae (11) or (12):

wherein BFR is a body fat ratio, S is 0.0 for men and 1.0 for women, A is an age of a user, d is 1.047, i is 17.93, f is
-0.0682, g is -1.1 and h is 2.046.
[0029] The above mentioned set of formulae provides the most accurate computation of the thermal comfort temper-
ature. It takes into account all environmental parameters that exert an influence on thermal sensation. Additionally, the
computation can be personalized in two modes. In a standard mode the computation only requires a body fat ratio, a
weight and a height of a user. In an advanced mode the computation requires a body fat ratio, an age, a gender, a weight
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and a height of a user.
[0030] Further information with respect to some of the parameters can be found in ISO 7730.
[0031] The activity level AL may be an average activity level and take values between 0.8 and 1.2. For residential
buildings the average activity level may rather tend to lower values such as 0.8 whereas for office buildings the average
activity level may be higher and have values up to 1.2.
[0032] If the quantity indicative of the thermal sensation of a user is a PMV according to formulae (1)-(12) the preferred
target thermal sensation is a rather neutral PMV between -0.2 and 0.2, more preferably between -0.1 and 0.1, in particular
a neutral PMV of 0.0.
[0033] It is advantageous if the control unit further comprises a memory unit, preferably a memory unit which is
configured to store the at least one user-specific parameter, at least one preset value, a history of the control variables,
a history of the data from the at least one sensor and/or average values of the data from the at least one sensor, wherein
the at least one preset value is particularly selected from the group consisting of coefficients, e.g. coefficients for the
calculation of a basal metabolic rate from the at least one user-specific parameter, a standard winter outdoor temperature,
a standard winter clothing rate, a standard summer outdoor temperature, a standard summer clothing rate, an average
activity level and combinations thereof.
[0034] It is further preferred if the generation unit comprises a control loop feedback unit, preferably a PID controller
unit, more preferably a PID-controller unit with Kd corresponding to 0 (PI-controller), particularly a PI-controller with the
constants Kp and Ki both being adapted to the characteristics of a room or building where the heating- or cooling- and/or
ventilation- and/or air-conditioning-apparatus is mounted.
[0035] The control variable (out(t)) which is output to the HVAC-apparatus is preferably calculated according to formula
(13): 

with e(t) being the deviation of the calculated PMV at a discrete point of time from the setpoint of 0 and dτ being a small
increment of time.
[0036] The control unit can be mounted in the same housing with the HVAC-apparatus. The user interface may be
mounted at a place where users can easily input the user-specific data users.
[0037] In the method for controlling a heating- or cooling- and/or ventilation- and/or air-conditioning-apparatus accord-
ing to the invention a control loop is performed as long as the operation state of the apparatus is "ON" and the control
loop comprises the following steps:

- calculation of a quantity indicative of a thermal sensation of a user based on at least one user-specific parameter
and data from at least one sensor,

- determination of a deviation of this quantity from a value indicative of a target thermal sensation and
- output of a control variable correlating with this deviation to the heating- or cooling- and/or ventilation- and/or air-

conditioning-apparatus,

wherein the at least one user-specific parameter includes the body fat ratio of a user and wherein the data from at least
one sensor include a room air temperature, wherein the control loop further comprises a calculation of the clothing rate clo.
[0038] The quantity indicative of the thermal sensation of a user is preferably further based on preset values, more
preferably preset values which are stored in a memory unit.
[0039] In a preferred embodiment of the invention the calculation of a quantity indicative of the thermal sensation of
a user includes a calculation of a basal metabolism (BM), a body surface area (BSA) and a basal metabolic rate (BMR),
these calculations being preferably dependent on the at least one user-specific parameter, wherein the at least one
user-specific parameter more preferably further includes a weight, height, gender and/or age of a user.
[0040] In particular the quantity indicative of the thermal sensation of a user is a PMV computed according to formulae
(1)-(12).
[0041] The calculation of the clothing rate clo, can be based on a linear regression between a standard winter clothing
rate at a specified low temperature and a standard summer clothing rate at a specified high temperature, wherein the
linear regression is in particular carried out based on a current outdoor temperature.
[0042] The user may determine the operation state of the apparatus. He may activate or inactivate the control method
via the user interface. The user may in particular be able to switch the operation state between "ON" and "OFF".
[0043] Switching the operation state of the apparatus to "OFF" is worth considering when users leave the room for a
longer period of time. In this case users need to define a target room air temperature so that the control unit controls
the HVAC-system in order to keep this target room air temperature.
[0044] Additionally, the user interface may allow the user to enter the at least one user-specific parameter. In another
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variant of the invention the user can delete and/or reset the at least one user-specific parameter and/or values stored
in a memory to factory settings via a user interface.
[0045] The control unit according to the invention is intended to be used for a heating- or cooling- and/or ventilation-
and/or air-conditioning-apparatus in a room of a public place or an office building in order to adjust the room air temperature
to a comfort temperature of a user which is present in the respective rooms.
[0046] The subject according to the invention should to be explained in more detail with reference to the subsequent
figures without wishing to restrict said subject to the specific embodiments illustrated here.

Fig. 1 shows a linear regression for the clothing rate.

Fig. 2 is a flow chart illustrating the sequence of operations carried out in the control loop of the method according
to the current invention.

[0047] The selection of a clothing rate value by linear regression can be illustrated by the graph shown in fig. 1. The
clothing rate is calculated based on the measured outdoor temperature. If the outdoor temperature is lower than the
standard winter outdoor temperature, the clothing rate is same as the standard winter clothing rate. If the outdoor
temperature is higher than the standard summer outdoor temperature, the clothing rate is same as the standard summer
clothing rate. However, if the outdoor temperature is higher than the standard winter outdoor temperature and is lower
than the standard summer outdoor temperature, the clothing rate is calculated based on a linear regression between
the standard summer clothing rate and the standard winter clothing rate. The standard winter outdoor temperature Twinter
may be 0° C and the standard summer outdoor temperature Tsummer may be 30° C. The standard winter clothing rate
clowinter may be 1.0 and the standard summer clothing rate closummer may be 0.6. However, these values may be changed
depending on the climate in the region where the HVAC-apparatus is installed.
[0048] In the control loop which is depicted in fig. 2 the operation status of the HVAC apparatus is read at each time
interval. If the operation status of the HVAC is "ON" the control loop continues with calculating the deviation of the current
temperature from the thermally neutral temperature in a first step. Therefore it uses measured data and pre-set data.
Based on the computed deviation a control variable is output to the HVAC apparatus in the next step order to adjust the
room air temperature. Both steps are performed over and over again until the operation status of the HVAC-apparatus
has changed to "OFF".

Claims

1. Control unit for a heating- or cooling and/or ventilation- and/or air-conditioning-apparatus, comprising

an user interface via which at least one user-specific parameter can be entered and
a generation unit which is configured to

- receive the at least one user-specific parameter and also data from at least one sensor,
- calculate a quantity indicative of a thermal sensation of a user based on the at least one user-specific
parameter and the data from the at least one sensor,
- determine a deviation of this quantity from a value indicative of a target thermal sensation and
- output a control variable correlating with this deviation to the heating- or cooling and/or ventilation- and/or
air-conditioning-apparatus,

wherein the at least one user-specific parameter includes the body fat ratio of a user and wherein the at least
one sensor includes a temperature sensor for room air,
wherein the at least one user-specific parameter further includes a clothing rate.

2. Control unit according to the preceding claim wherein the target thermal sensation is a neutral thermal sensation.

3. Control unit according to one of the preceding claims wherein the at least one user-specific parameter further includes
a height, a weight, an activity level, an age, and/or a gender of a user.

4. Control unit according to one of the preceding claims wherein the at least one sensor further includes a sensor
selected from the group consisting of a sensor for measuring a temperature gradient, a temperature sensor for
outdoor air, a sensor for relative humidity, a sensor for air velocity, a temperature sensor for radiant room temperature,
a sensor for the status of a door or a window, a sensor for the number of users present in the room and combinations
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thereof, preferably a thermocouple, a thermistor, a capacitive hygrometer, a resistive hygrometer, an infrared ther-
mometer, a black-globe thermometer and/or a hot-wire anemometer.

5. Control unit according to the preceding claim wherein the quantity indicative of the thermal sensation of a user is a
Predicted Mean Vote (PMV) which is computed according to the following set of formulae (1)-(10): 

wherein Icl is a clothing insulation [m2K/W], fcl is a clothing surface area factor, clo is a clothing rate, ta is an air
temperature [°C], tr is a mean radiant temperature [°C], var is a relative air velocity [m/s], pa is a water vapour
partial pressure [Pa], hc is a convective heat transfer coefficient [W/(m2K)], tcl is a clothing surface temperature
[°C], RH is a relative humidity [%], AL is an activity level, BSA is a body surface area [m2], BM is a basal
metabolism [W/m2], W is a weight [kg], H is a height [m], a is 0.425, a is 0.725 and c is 0.007184 and wherein
the basal metabolism BM is computed according to one of the following formulae (11) or (12): 
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wherein BFR is a body fat ratio, S is 0.0 for men and 1.0 for women, A is an age of a user, d is 1.047, i is 17.93,
f is -0.0682, g is -1.1 and h is 2.046.

6. Control unit according to one of the preceding claims further comprising a memory unit, preferably a memory unit
which is configured to store the at least one user-specific parameter, at least one preset value, a history of the
control variables, a history of the data from the at least one sensor and/or average values of the data from the at
least one sensor, wherein the at least one preset value is particularly selected from the group consisting of coefficients,
e.g. coefficients for the calculation of a basal metabolic rate from the at least one user-specific parameter, a standard
winter outdoor temperature, a standard winter clothing rate, a standard summer outdoor temperature, a standard
summer clothing rate, an average activity level and combinations thereof.

7. Control unit according to one of the preceding claims wherein the generation unit comprises a control loop feedback
unit, preferably a PID controller unit, more preferably a PID-controller unit with a constant Kd corresponding to 0 (Pl-
controller), particularly a PI-controller with constants Kp and Ki both being adapted to the characteristics of a room
or building where the heating- or cooling and/or ventilation- and/or air-conditioning-apparatus is mounted.

8. Method for controlling a heating- or cooling and/or ventilation- and/or air-conditioning-apparatus wherein a control
loop is performed as long as the operation state of the apparatus is "ON" and the control loop comprises the following
steps:

- calculation of a quantity indicative of a thermal sensation of a user based on at least one user-specific parameter
and data from at least one sensor,
- determination of a deviation of this quantity from a value indicative of a target thermal sensation and
- output of a control variable correlating with this deviation to the heating- or cooling and/or ventilation- and/or
air-conditioning-apparatus,
wherein the at least one user-specific parameter includes the body fat ratio of a user and wherein the data from
at least one sensor include a room air temperature,
wherein the control loop further comprises a calculation of the clothing rate clo.

9. Method according to claim 8 wherein the calculation of a quantity indicative of the thermal sensation of a user is
further based on preset values, preferably preset values which are stored in a memory unit.

10. Method according to one of the claims 8 to 9 wherein the calculation of a quantity indicative of the thermal sensation
of a user includes a calculation of a basal metabolism (BM), a body surface area (BSA) and a basal metabolic rate
(BMR), these calculations being preferably dependent on the at least one user-specific parameter, wherein the at
least one user-specific parameter more preferably further includes a weight, height, gender and/or age of a user.

11. Method according to claims 8 to 10 wherein the quantity indicative of the thermal sensation of a user is a PMV
computed according to the following set of formulae (1)-(10): 
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wherein Icl is a clothing insulation [m2K/W], fcl is a clothing surface area factor, clo is a clothing rate, ta is an air
temperature [°C], tr is a mean radiant temperature [°C], var is a relative air velocity [m/s], pa is a water vapour
partial pressure [Pa], hc is a convective heat transfer coefficient [W/(m2K)], tcl is a clothing surface temperature
[°C], RH is a relative humidity [%], AL is an activity level, BSA is a body surface area [m2], BM is a basal
metabolism [W/m2], W is a weight [kg], H is a height [m], a is 0.425, b is 0.725 and c is 0.007184 and wherein
the basal metabolism BM is computed according to one of the following formulae (11) or (12): 

wherein BFR is a body fat ratio, S is 0.0 for men and 1.0 for women, A is an age of a user, d is 1.047, i is 17.93,
f is -0.0682, g is -1.1 and h is 2.046.

12. Method according to one of the claims 8 to 11 wherein the calculation of the clothing rate clo is based on a linear
regression between a standard winter clothing rate at a specified low temperature and a standard summer clothing
rate at a specified high temperature, wherein the linear regression is in particular carried out based on a current
outdoor temperature.

13. Method according to one of the claims 8 to 12 wherein a user can determine the operation state of the apparatus,
preferably switch the operation state between "ON" and "OFF" via a user interface.

14. Method according to one of the claims 8 to 13 wherein a user can delete and/or reset the at least one user-specific
parameter and/or values stored in a memory to factory settings via a user interface.

15. Use of a control unit according to one of the claims 1 to 7 for a heating- or cooling and/or ventilation- and/or air-
conditioning-apparatus in a room of a public place or an office building in order to adjust the room air temperature
to a comfort temperature of a user which is present in the respective rooms.
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Patentansprüche

1. Steuereinheit für eine Erwärmungs- oder Kühlungs- und/oder Lüftungs- und/oder Klimatisierungsvorrichtung, auf-
weisend

eine Benutzeroberfläche, über die mindestens ein benutzerspezifischer Parameter eingegeben werden kann
und
eine Erzeugungseinheit, die eingerichtet ist zum

- Empfangen des mindestens einen benutzerspezifischen Parameters und auch von Daten von mindestens
einem Sensor,
- Berechnen einer Größe, die ein Wärmeempfinden eines Benutzers angibt, auf der Grundlage des min-
destens einen benutzerspezifischen Parameters und der Daten von dem mindestens einen Sensor,
- Bestimmen einer Abweichung dieser Größe von einem Wert, der ein Sollwärmeempfinden angibt, und
- Ausgeben einer Steuervariablen, die mit dieser Abweichung korreliert, an die Erwärmungs- oder Kühlungs-
und/oder Lüftungs- und/oder Klimatisierungsvorrichtung,

wobei der mindestens eine benutzerspezifische Parameter den Körperfettanteil eines Benutzers aufweist und
wobei der mindestens eine Sensor einen Temperatursensor für Raumluft aufweist,
wobei der mindestens eine benutzerspezifische Parameter ferner einen Bekleidungsanteil aufweist.

2. Steuereinheit nach dem vorhergehenden Anspruch, wobei das Sollwärmeempfinden ein neutrales Wärmeempfinden
ist.

3. Steuereinheit nach einem der vorhergehenden Ansprüche, wobei der mindestens eine benutzerspezifische Para-
meter ferner eine Körpergröße, ein Gewicht, ein Aktivitätsniveau, ein Alter und/oder ein Geschlecht eines Benutzers
umfasst.

4. Steuereinheit nach einem der vorhergehenden Ansprüche, wobei der mindestens eine Sensor ferner einen Sensor,
der aus der Gruppe ausgewählt wird, die aus einem Sensor zum Messen eines Temperaturgradienten, einem
Temperatursensor für Außenluft, einem Sensor für relative Luftfeuchtigkeit, einem Sensor für Luftgeschwindigkeit,
einem Temperatursensor für Strahlungstemperatur im Raum, einem Sensor für den Status einer Tür oder eines
Fensters, einem Sensor für die Anzahl von im Raum anwesenden Benutzern und Kombinationen davon besteht,
vorzugsweise ein Thermoelement, einen Thermistor, ein kapazitives Hygrometer, ein resistives Hygrometer, ein
Infrarotthermometer, ein Black-Globe-Thermometer und/oder ein Hitzedrahtanemometer aufweist.

5. Steuereinheit nach dem vorhergehenden Anspruch, wobei die Größe, die das Wärmeempfinden eines Benutzers
angibt, ein vorhergesagter Mittelwert (Predicted Mean Vote, PMV) ist, der gemäß dem folgenden Satz von Formeln
(1)-(10) berechnet wird: 
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wobei Icl eine Bekleidungsisolierung [m2K/W] ist, fcl ein Bekleidungsoberflächenbereichsfaktor ist, clo ein Be-
kleidungsanteil ist, ta eine Lufttemperatur [°C] ist, tr eine mittlere Strahlungstemperatur [°C] ist, var eine relative
Luftgeschwindigkeit [m/s] ist, pa ein Wasserdampfpartialdruck [Pa] ist, hc ein konvektiver Wärmetransferkoef-
fizient [W/(m2K)] ist, tcl eine Bekleidungsoberflächentemperatur [°C] ist, RH eine relative Feuchtigkeit [%] ist,
AL ein Aktivitätsniveau ist, BSA eine Körperoberfläche [m2] ist, BM ein Grundumsatz [W/m2] ist, W ein Gewicht
[kg] ist, H eine Höhe [m] ist, a 0,425 ist, b 0,725 ist und c 0,007184 ist und wobei
der Grundumsatz BM nach einer der folgenden Formeln (11) oder (12) berechnet wird: 

wobei BFR ein Körperfettanteil ist, S 0,0 für Männer und 1,0 für Frauen ist, A ein Alter eines Benutzers ist, d
1,047 ist, i 17,93 ist, f - 0,0682 ist, g -1,1 ist und h 2,046 ist.

6. Steuereinheit nach einem der vorhergehenden Ansprüche, ferner aufweisend eine Speichereinheit, vorzugsweise
eine Speichereinheit, die eingerichtet ist, den mindestens einen benutzerspezifischen Parameter, mindestens einen
voreingestellten Wert, eine Historie der Steuervariablen, eine Historie der Daten des mindestens einen Sensors
und/oder der Durchschnittswerte der Daten des mindestens einen Sensors zu speichern, wobei der mindestens
eine voreingestellte Wert insbesondere ausgewählt ist aus der Gruppe bestehend aus Koeffizienten, z.B. Koeffizi-
enten zur Berechnung einer Grundumsatzrate aus dem mindestens einen benutzerspezifischen Parameter, einer
Standard-Winteraußentemperatur, einem Standard-Winterbekleidungsanteil, einer Standard-Sommeraußentempe-
ratur, einem Standard-Sommerbekleidungsanteil, einem durchschnittlichen Aktivitätsniveau und Kombinationen
davon.

7. Steuereinheit nach einem der vorhergehenden Ansprüche, wobei die Erzeugungseinheit eine Regelschleife-Rück-
führeinheit, vorzugsweise eine PID-Regler-Einheit, besonders bevorzugt eine PID-Regler-Einheit mit einer Kon-
stante Kd entsprechend 0 (PI-Regler), insbesondere einen PI-Regler mit Konstanten Kp und Ki, die beide an die
Eigenschaften eines Raumes oder Gebäudes angepasst sind, in dem die Erwärmungs- oder Kühlungs- und/oder
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Lüftungs- und/oder Klimatisierungsvorrichtung montiert ist, umfasst.

8. Verfahren zur Steuerung einer Erwärmungs- oder Kühlungs- und/oder Lüftungs- und/oder Klimatisierungsvorrich-
tung, wobei eine Regelschleife durchgeführt wird, solange der Betriebszustand der Vorrichtung "EIN" ist und die
Regelschleife die folgenden Schritte aufweist:

- Berechnung einer Größe, die ein Wärmeempfinden eines Benutzers angibt, auf der Grundlage des mindestens
einen benutzerspezifischen Parameters und der Daten von dem mindestens einen Sensor,
- Bestimmung einer Abweichung dieser Größe von einem Wert, der ein Sollwärmeempfinden angibt, und
- Ausgabe einer Steuervariablen, die mit dieser Abweichung korreliert, an die Erwärmungs- oder Kühlungs-
und/oder Lüftungs- und/oder Klimatisierungsvorrichtung,
wobei der mindestens eine benutzerspezifische Parameter den Körperfettanteil eines Benutzers aufweist und
wobei die Daten von dem mindestens einen Sensor eine Raumlufttemperatur aufweisen,
wobei die Regelschleife ferner eine Berechnung des Bekleidungsanteils clo umfasst.

9. Verfahren nach Anspruch 8, wobei die Berechnung einer Größe, die die thermische Empfindung eines Benutzers
angibt, ferner auf voreingestellten Werten beruht, vorzugsweise auf voreingestellten Werten, die in einer Speiche-
reinheit gespeichert sind.

10. Verfahren nach einem der Ansprüche 8 bis 9, wobei die Berechnung einer Größe, die das Wärmeempfinden eines
Benutzers angibt, eine Berechnung eines Grundumsatzes (BM), eine Körperoberfläche (BSA) und eines Grundum-
satzes (BMR) aufweist, wobei diese Berechnungen vorzugsweise von dem mindestens einen benutzerspezifischen
Parameter abhängig sind, wobei der mindestens eine benutzerspezifische Parameter weiter vorzugsweise ein Ge-
wicht, eine Körpergröße, ein Geschlecht und/oder ein Alter eines Benutzers aufweist.

11. Verfahren nach Ansprüchen 8 bis 10, wobei die Größe, die das Wärmeempfinden eines Benutzers angibt, ein PMV
ist, der gemäß dem folgenden Satz von Formeln (1)-(10) berechnet wird: 
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wobei Icl eine Bekleidungsisolierung [m2K/W] ist, fcl ein Bekleidungsoberflächenbereichsfaktor ist, clo ein Be-
kleidungsanteil ist, ta eine Lufttemperatur [°C] ist, tr eine mittlere Strahlungstemperatur [°C] ist, var eine relative
Luftgeschwindigkeit [m/s] ist, pa ein Wasserdampfpartialdruck [Pa] ist, hc ein konvektiver Wärmetransferkoef-
fizient [W/(m2K)] ist, tcl eine Bekleidungsoberflächentemperatur [°C] ist, RH eine relative Feuchtigkeit [%] ist,
AL ein Aktivitätsniveau ist, BSA eine Körperoberfläche [m2] ist, BM ein Grundumsatz [W/m2] ist, W ein Gewicht
[kg] ist, H eine Höhe [m] ist, a 0,425 ist, b 0,725 ist und c 0,007184 ist und wobei
der Grundumsatz BM nach einer der folgenden Formeln (11) oder (12) berechnet wird: 

wobei BFR ein Körperfettanteil ist, S 0,0 für Männer und 1,0 für Frauen ist, A ein Alter eines Benutzers ist, d
1,047 ist, i 17,93 ist, f - 0,0682 ist, g -1,1 ist und h 2,046 ist.

12. Verfahren nach einem der Ansprüche 8 bis 11, wobei die Berechnung des Bekleidungsanteils clo auf einer linearen
Regression zwischen einem Standard-Winterbekleidungsanteil bei einer spezifizierten niedrigen Temperatur und
einem Standard-Sommerbekleidungsanteil bei einer spezifizierten hohen Temperatur basiert, wobei die lineare
Regression insbesondere auf Grundlage einer aktuellen Außentemperatur ausgeführt wird.

13. Verfahren nach einem der Ansprüche 8 bis 12, wobei ein Benutzer den Betriebszustand der Vorrichtung bestimmen,
vorzugsweise den Betriebszustand über eine Benutzeroberfläche zwischen "EIN" und "AUS" umschalten kann.

14. Verfahren nach einem der Ansprüche 8 bis 13, wobei ein Benutzer über eine Benutzeroberfläche den mindestens
einen benutzerspezifischen Parameter und/oder die in einem Speicher gespeicherten Werte löschen und/oder auf
Werkseinstellungen zurücksetzen kann.

15. Verwendung einer Steuereinheit nach einem der Ansprüche 1 bis 7 für eine Erwärmungs- oder Kühlungs- und/oder
Lüftungs- und/oder Klimatisierungsvorrichtung in einem Raum eines öffentlichen Ortes oder eines Bürogebäudes,
um die Raumlufttemperatur an eine Komforttemperatur eines sich in den jeweiligen Räumen aufhaltenden Benutzers
anzupassen.

Revendications

1. Unité de commande pour un appareil de chauffage ou de refroidissement et/ou de ventilation et/ou de climatisation,
comprenant

une interface utilisateur permettant de saisir au moins un paramètre spécifique de l’utilisateur et
une unité génératrice configurée pour

- recevoir l’au moins un paramètre spécifique de l’utilisateur, ainsi que des données provenant d’au moins
un capteur,
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- calculer une quantité indicative de la sensation thermique d’un utilisateur sur la base de l’au moins un
paramètre spécifique de l’utilisateur et des données provenant du au moins un capteur,
- déterminer un écart de cette quantité par rapport à une valeur indicative d’une sensation thermique cible et
- délivrer à l’appareil de chauffage ou de refroidissement et/ou de ventilation et/ou de climatisation une
variable de commande correspondant à cet écart,

dans laquelle l’au moins un paramètre spécifique de l’utilisateur comprend le taux de graisse corporelle d’un
utilisateur et dans lequel l’au moins un capteur comprend un capteur de température pour l’air ambiant,
dans lequel l’au moins un paramètre spécifique de l’utilisateur comprend en outre un taux d’habillement.

2. Unité de commande selon la revendication précédente, dans laquelle la sensation thermique cible est une sensation
thermique neutre.

3. Unité de commande selon l’une des revendications précédentes, dans laquelle l’au moins un paramètre spécifique
de l’utilisateur comprend en outre la taille, le poids, le niveau d’activité, l’âge et/ou le sexe de l’utilisateur.

4. Unité de commande selon l’une des revendications précédentes dans laquelle l’au moins un capteur comprend en
outre un capteur choisi dans le groupe constitué par un capteur de mesure d’un gradient de température, un capteur
de température pour l’air extérieur, un capteur d’humidité relative, un capteur de vitesse de l’air, un capteur de
température pour la température rayonnante de la pièce, un capteur de l’état d’une porte ou d’une fenêtre, un capteur
du nombre d’utilisateurs présents dans la pièce et des combinaisons de ceux-ci, de préférence un thermocouple,
une thermistance, un hygromètre capacitif, un hygromètre résistif, un thermomètre à infrarouge, un thermomètre à
globe noir et/ou un anémomètre à fil chaud.

5. Unité de commande selon la revendication précédente dans laquelle la quantité indicative de la sensation thermique
d’un utilisateur est un vote moyen prédit (PMV) qui est calculé selon l’ensemble des formules (1) à (10) suivantes : 
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dans lesquelles Icl est l’isolation du vêtement [m2K/W], fcl est le facteur de surface du vêtement, clo est le taux
d’habillement, ta est la température de l’air [°C], tr est la température radiante moyenne [°C], var est une vitesse
relative de l’air [m/s], pa est une pression partielle de vapeur d’eau [Pa], hc est un coefficient de transfert de
chaleur par convection [W/(m2K)], tcl est une température de surface des vêtements [°C], RH est une humidité
relative [%], AL est un niveau d’activité, BSA est une surface corporelle [m2], BM est un métabolisme de base
[W/m2], W est un poids [kg], H est une taille [m], a est 0,425, b est 0,725 et c est 0,007184 et dans lesquelles
le métabolisme de base BM est calculé selon l’une des formules (11) ou (12) suivantes : 

dans lesquelles BFR est un taux de graisse corporelle, 5 est 0,0 pour les hommes et 1,0 pour les femmes, A
est l’âge de l’utilisateur, d est 1,047, i est 17,93, f est -0,0682, g est -1,1 et h est 2,046.

6. Unité de commande selon l’une des revendications précédentes comprenant en outre une unité de mémoire, de
préférence une unité de mémoire configurée pour stocker au moins un paramètre spécifique de l’utilisateur, au
moins une valeur prédéfinie, un historique des variables de commande, un historique des données provenant de
l’au moins un capteur et/ou des valeurs moyennes des données provenant de l’au moins un capteur, dans laquelle
l’au moins une valeur prédéfinie est particulièrement choisie dans le groupe constitué par des coefficients, par
exemple des coefficients pour le calcul d’un métabolisme de base à partir de l’au moins un paramètre spécifique
de l’utilisateur, une température extérieure standard en hiver, un taux d’habillement standard en hiver, une tempé-
rature extérieure standard en été, un taux d’habillement standard en été, un niveau d’activité moyen et de combi-
naisons de ceux-ci.

7. Unité de commande selon l’une des revendications précédentes dans laquelle l’unité de génération comprend une
unité de rétroaction à boucle de commande, de préférence une unité de commande PID, plus préférentiellement
une unité de commande PID avec une constante Kd correspondant à 0 (commande PI), en particulier une commande
Pl avec des constantes Kp et Ki toutes deux adaptées aux caractéristiques d’une pièce ou d’un bâtiment où est
monté l’appareil de chauffage ou de refroidissement et/ou de ventilation et/ou de climatisation.

8. Procédé de commande d’un appareil de chauffage ou de refroidissement et/ou de ventilation et/ou de climatisation
dans lequel une boucle de commande est exécutée tant que l’état de fonctionnement de l’appareil est « ON » et la
boucle de commande comprend les étapes suivantes :

- le calcul d’une quantité indiquant la sensation thermique d’un utilisateur sur la base d’au moins un paramètre
spécifique de l’utilisateur et de données provenant d’au moins un capteur,
- la détermination d’un écart de cette quantité par rapport à une valeur indicative d’une sensation thermique
cible et
- l’envoi à l’appareil de chauffage ou de refroidissement et/ou de ventilation et/ou de climatisation d’une variable
de commande en corrélation avec cet écart,
dans lequel l’au moins un paramètre spécifique de l’utilisateur comprend le taux de graisse corporelle d’un
utilisateur et dans lequel les données provenant d’au moins un capteur comprennent la température de l’air
ambiant,
dans lequel la boucle de commande comprend en outre un calcul du taux d’habillement clo.
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9. Procédé selon la revendication 8, dans lequel le calcul d’une quantité indiquant la sensation thermique d’un utilisateur
est en outre fondé sur des valeurs prédéfinies, de préférence des valeurs prédéfinies qui sont stockées dans une
unité de mémoire.

10. Procédé selon l’une des revendications 8 et 9, dans lequel le calcul d’une quantité indiquant la sensation thermique
d’un utilisateur comprend un calcul du métabolisme de base (BM), de la surface corporelle (BSA) et du métabolisme
de base (BMR), ces calculs dépendant de préférence de l’au moins un paramètre spécifique de l’utilisateur, dans
lequel l’au moins un paramètre spécifique de l’utilisateur comprend de préférence en outre le poids, la taille, le sexe
et/ou l’âge de l’utilisateur.

11. Procédé selon les revendications 8 à 10, dans lequel la quantité indicative de la sensation thermique d’un utilisateur
est un PMV calculé selon l’ensemble des formules (1) à (10) suivantes : 

dans lesquelles Icl est l’isolation du vêtement [m2K/W], fcl est le facteur de surface d’un vêtement, clo est le
taux d’habillement, ta est la température de l’air [°C], tr est la température radiante moyenne [°C], var est une
vitesse relative de l’air [m/s], pa est une pression partielle de vapeur d’eau [Pa], hc est un coefficient de transfert
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de chaleur par convection [W/(m2K)], tcl est une température de surface des vêtements [°C], RH est une humidité
relative [%], AL est un niveau d’activité, BSA est une surface corporelle [m2], BM est un métabolisme de base
[W/m2], W est un poids [kg], H est une taille [m], a est 0,425, b est 0,725 et c est 0,007184 et dans lesquelles
le métabolisme de base BM est calculé selon l’une des formules (11) ou (12) suivantes : 

dans lesquelles BFR est un taux de graisse corporelle, S est 0,0 pour les hommes et 1,0 pour les femmes, A
est l’âge de l’utilisateur, d est 1,047, i est 17,93, f est -0,0682, g est -1,1 et h est 2,046.

12. Procédé selon l’une des revendications 8 à 11, dans lequel le calcul du taux d’habillement clo est fondé sur une
régression linéaire entre un taux d’habillement standard en hiver à une température basse spécifiée et un taux
d’habillement standard en été à une température élevée spécifiée, dans lequel la régression linéaire est en particulier
effectuée sur la base d’une température extérieure actuelle.

13. Procédé selon l’une des revendications 8 à 12, dans lequel un utilisateur peut déterminer l’état de fonctionnement
de l’appareil, et de préférence passer de l’état de fonctionnement « ON » à l’état de fonctionnement « OFF » par
l’intermédiaire d’une interface utilisateur.

14. Procédé selon l’une des revendications 8 à 13, dans lequel un utilisateur peut supprimer et/ou réinitialiser l’au moins
un paramètre spécifique de l’utilisateur et/ou les valeurs stockées dans une mémoire aux paramètres d’usine par
l’intermédiaire d’une interface utilisateur.

15. Utilisation d’une unité de commande selon l’une des revendications 1 à 7 pour un appareil de chauffage ou de
refroidissement et/ou de ventilation et/ou de climatisation dans une pièce d’un lieu public ou d’un immeuble de
bureaux afin d’ajuster la température de l’air ambiant à une température de confort d’un utilisateur présent dans les
pièces respectives.
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