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TEMPERATURE COMFORT DEVICE HEATER
CONTROLLER METHOD AND SYSTEM

FIELD OF THE INVENTION

The invention relates to a method of, and system for, controlling the temperature in

heated seats, steering wheels or any in-vehicle temperature comfort device. Specifically,
the present invention is directed to a method and system of continuous, proportional, closed-

loop control of pulse width modulation output for control of heating elements.

APPENDIX

An Appendix is attached hereto includes 3 pages of computer program listing.

BACKGROUND OF THE INVENTION

Control of electric heaters, such as those used in heated seats, steering wheels, or

other in-vehicle temperature comfort device has mainly been achieved by turning a fixed
power supply on or off as needed to control the heater. Systems using this approach have a
disadvantage of transmitting to the user the sensation of warming up and cooling down at or
near the set-point temperature. This is often not a comfortable or desirable sensation.

Systems employing the on/off switching of the heater power supply have been
developed that use extensive tables and/or curves requiring non-volatile storage to maintain
data concerning the timing of the on/off switching. This is disadvantageous for several
reasons. First, the non-volatile memory consumed by such systems is expensive and
requires additional space and power. Second, should the contents of the memory be
compromised in some way, such as partial erasure, the results may become uncomfortable
for the user. Another disadvantage of such systems is that the cycling of power to the heater
includes a latency period which reduces the granularity of the control of the temperature.
An accuracy of approximately +/- 1° C is considered good for such heating systems.

Pulse width modulation (PWM) is used in the method and system of the present
invention. PWM works by modulating the timing of the lead and trail edges of the power
signal to the heater. PWM results in a relatively accurate control of a heater.

PWM has been used for heater control in fixed-location equipment, such as in the
chemical industry for controlling heaters used in chemical process control. It is especially
useful where precise control of temperature is desired. As yet, it has not been considered

useful for controlling in-vehicle temperature comfort devices, i.e., for mobile operation.
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Thus, it is still desired to design a suitable heater control circuit, apparatus, and system that

is capable of accurate operation in a mobile environment.

SUMMARY OF THE INVENTION

The purpose and advantages of the present invention will be set forth in and

apparent from the description that follows, as well as will be learned by practice of the
invention. Additional advantages of the invention may be realized and attained by the
methods and systems particularly pointed out in the written description and claims hereof,
as well as from the appended drawings.

The invention relates to a method of controlling temperature in a mobile comfort
device which comprises: selecting a desired temperature setting for the mobile comfort
device; determining a current temperature of the comfdrt device; comparing the desired
temperature to the current temperature to detect any difference; and modifying a pulsed
width modulation (PWM) signal to the comfort device based on the detected difference by
an amount sufficient to change the temperature of the comfort device to the desired
temperature, thus providing accurate temperature control to the device.

Generally, the PWM signal is narrowed when the desired temperature is lower than
the current temperature, while the PWM signal is broadened when the desired temperature
is higher than the current temperature. Advantageously, the mobile comfort device
comprises an in-vehicle comfort device, such as a temperature modifiable seat or steering
wheel.

In this method, the steps of obtaining the current temperature from the comfort
device, comparing the desired temperature to the current temperature, and modifying the
PWM signal may be repeated periodically for optimum temperature control. Also, the step
of obtaining from the user the desired temperature setting for the comfort device preferably
occurs asynchronously.

A default temperature setting may be provided for the comfort device and can be
initially used as the desired temperature. This default temperature setting can be the last
temperature previously selected for the comfort device. Also, the modifying of the PWM
signal can be determined by multiplicatively combining the difference between the desired
temperature and the current temperature of the comfort device with a numeric calibration
factor. This numeric calibration factor is preferably a composite of two or more numeric

calibration factors. Alternatively, the modifying of the PWM signal can be determined by
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combining the difference between the desired temperature and the current temperature of
the comfort device with a numeric calibration factor. This can be accomplished by
subtracting the current temperature from the desired temperature to obtain a numeric
temperature difference; and multiplying the temperature difference by a numeric calibration
factor to produce the PWM signal. These adjustments are made such that the temperature is
sufficiently responsive so that a user does not notice when the comfort device is incorrectly
controlled. The temperature controller can include one or more systems for heating, for
cooling, or both.

The invention also relates to a system for controlling a mobile temperature-
modifying comfort device comprising: a comfort device; a microprocessor operatively
connected to associated memory, a user interface and a power interface, each being
electronically interconnected, with the power interface being further connected to the
comfort device; and a temperature sensor and analog-digital converter (ADC) connected to
the comfort device, with the ADC further connected to the microprocessor. The
microprocessor and associated memory are configured so as to obtain from the user
interface a desired temperature setting for the comfort device; obtain a current temperature
of the comfort device from the temperature sensor and ADC; compare the desired
temperature to the current temperature to determine the difference; and modify the pulsed
width modulation (PWM) signal to the comfort device based on the difference so as to
provide sufficient control of the temperature of the comfort device.

It is understood that both the foregoing general description and the following
detailed description are exemplary and are intended to provide further explanation of the

invention claimed.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings are included to illustrate and provide a further

understanding of the method, circuit, and system of the invention. Together with the
description, the drawing may help explain the principles of the invention.

FIG. 1 is a block diagram of a controller in accordance with a preferred embodiment
of the invention;

FIG. 2 is a flowchart depicting a temperature-setting algorithm in accordance with a

preferred embodiment of the invention; and
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FIGS. 3(a) and 3(b) depict a flowchart of the interrupt service routine controlling the

PWM synchronization and over-undercurrent check of an embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In accordance with a preferred embodiment of the invention, a method, circuit, and

system are provided to control the temperature in heated seats, steering wheels or any
mobile temperature comfort device, preferably in an in-vehicle temperature control system.
The use of PWM allows more accurate control of the temperature of the comfort device.

Advantageously, another embodiment of the invention involves allowing the PWM
control of the comfort device to be very finely calibrated using a single calibration constant
K. Use of a single calibration constant replaces the extensive tables and heating curves used
in prior art comfort device controllers. This results in a great savings of potentially
expensive non-volatile memory, as well as simplified recalibration.

Also, the use of PWM to control the heating process for comfort devices greatly
reduces or eliminates transmittal to the user of the sensation of heating and cooling at or
near the desired temperature due to the turning on and off of the heater in the prior art.

With the PWM approach described herein, once the desired temperature is reached, the user
will not be subjected to the constant on/off switching of existing heater controllers. The
accuracy of a system employing the present invention is approximately +/- 0.1°C, which is
surprisingly about ten times better than conventional on/off systems.

The block diagram of FIG. 1 depicts the control process according to an
embodiment of the invention. This embodiment described below is for a seat heater, but
this is for example purposes and not a limitation. Another embodiment includes a seat
cooler, i.e., air conditioning. Yet another embodiment encompasses a single control process
capable of heating or cooling, as desired, to help maintain the same or at least substantially
the same temperature depending on the season or any other form of temperature variation.
Any temperature comfort device may be used.

First, the controller includes software 1 and hardware 2. The processor and
associated memory, and data communication and control lines, on which the software is
configured and run are not shown in FIG. 1. Any processor and associated components may
be for executing the algorithm and interfacing the controller components depicted in accord

with the invention.
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A user initiates the control process by opting to select a temperature "set point" 3 to
which the comfort device is to be heated. The selection of the set point may involve
additional steps. For example, the user may be required to turn on the comfort device at the
console of the vehicle prior to setting the desired temperature. The set point 3 is selected by
the user in a preferred embodiment by the manipulation of a physical selector switch (not
depicted). It is also possible in another embodiment that the physical selector switch is
replaced by any user interface capable of allowing the user to select a set point 3.

In an embodiment that requires the user to turn on the comfort device before
selecting a set point, the set point 3 is automatically set to a suitable default value at the time
the controller is initialized. In one embodiment, this default value for the temperature of the
comfort device is fixed in the controller at the factory. In another embodiment, the default
value for the temperature of the comfort device is variable and can be set by the user. In yet
another embodiment, the default value for the set point 3 is automatically set to the last
temperature selected by the user.

In a preferred embodiment, the set point is a temperature in degrees (Fahrenheit or
Celsius). Other embodiments may use pneumonics keyed to preset temperatures, i.e., "low
heat", "medium heat", "high heat", or other ergonomic user interface devices as is well
known in the art.

The set point 3 is then compared 4 to a current temperature reading obtained from
the temperature sensor 10 via an analog-digital converter (ADC) 11. The comparison
operation 4 is performed by subtracting the current temperature of the comfort device from
the set point 3. The result is a temperature difference, referred to as an "error" or "e" in a
preferred embodiment.

A numeric calibration factor "K" 5 is then used in combination with the error to
calculate a PWM signal 6 to send to the power interface 7. In this way, the PWM
determines the duty cycle for the power interface 7 used for the comfort device heater 8
(depicted as "seat heater" in FIG. 1.) In a preferred embodiment, the numeric calibration
factor is multiplied by the error to determine the value of the PWM signal. It is not intended
as a limitation that the numeric calibration factor 5 be combined with the error
multiplicatively to calculate the PWM signal. Indeed, any suitable algorithm may be used
to determine the PWM signal. It is not even mandatory that one numeric calibration factor
be employed. For example, another embodiment may use two numeric calibration factors to

achieve the same result. The choice of the particular algorithm and the use of a single
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numeric calibration factor in a preferred embodiment does not limit other embodiments
from using other algorithms and calibration factors. The use of a single calibration factor,
which may be modified in software, is advantageous over using relatively large tables and
curves in non-volatile memory.

Ultimately, the calculated PWM signal determining the duty cycle is sent to the
power interface 7, which drives the comfort device heater 8. The result is that the comfort
device (in FIG. 1, the seat) is heated to the desired temperature 9. The temperature sensor
10 periodically monitors the comfort device temperature 9 and provides its current
temperature reading, via the ADC 11, to the comparison software. This process continues
while the comfort device is in use. The user does not have to change their temperature set
point 3. In a preferred embodiment, the set point may be set once and forgotten by the user.
Indeed, with a suitable default value, the user may never need to set the temperature of the
comfort device. |

A flowchart depicting a temperature setting algorithm in accordance with a preferred
embodiment of the invention is shown in FIG. 2. This algorithm is executed whenever a
user changes the temperature set point for the comfort device. The user first enters the new
set point into the temperature control user interface 20 (referred to as "temp_control" in
FIG. 2.) The current PWM is saved in memory (in the "w registry") 21.

Next, the current temperature of the comfort device is complemented to obtain a
direct relationship between the temperature and the ADC reading 22. This step places the
current temperature measurement on an even scale with the temperature set point for
comparison. The complemented temperature reading (henceforth, "current temperature") is
then subtracted from the set point temperature, to obtain the "error" 23.

If the error is a negative number 24, the current temperature is higher than the set
point temperature, and a "temperature overshot" condition exists. In this case, the PWM
signal in the w registry is set to zero, and execution proceeds to the step of moving the result
of the multiplication stored in the w registry to the "loop_error" registry 33.

Otherwise, the "constant control counter" is loaded with the numeric calibration
constant K 25. The w registry is cleared 26. Next, the error and the numeric calibration
constant can be multiplied by the optionally repetitive steps of:

checking if the control constant counter is zero 27;
adding the value in w registry to the loop error registry, storing the result in

the w registry 29;
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checking if the addition generates a numeric overflow 30, and if so, setting
the w registry to maximal value and the PWM signal to 100% 31 and proceeding to the step
of moving the result of the multiplication stored in the w registry to the loop_error registry
33; and

otherwise decrementing the control constant counter 32 and repeating the
steps above.

Next, the result of the multiplication stored in the w registry is moved to the
loop_error registry 33, where it determines the PWM signal duty cycle to control the
comfort device heater.

Finally, the w registry is restored to the set point temperature 34, and the procedure
is exited 35.

FIGS. 3(a) and 3(b) depict a flowchart of the interrupt service routine controlling the
PWM synchronization and over-undercurrent check of an embodiment of the current
invention. In a preferred embodiment, a timer interrupt is used to periodically perform an
over-undercurrent check, check the temperature of the comfort device and synchronize the
PWM signal controlling the duty cycle for the heater. As those of ordinary skill in the art
are well aware, the precise algorithm depicted in the flowcharts herein described may be
modified or even substantially different while still accomplishing the same function. The
flowcharts included and described herein are not intended to exclude other equivalent
algorithms.

When the timer interrupt occurs, the interrupt service routine intreq 40 is initiated to
handle the interrupt. First the TMRO Interrupt flag is cleared 41, disabling interrupts. It is
important generally in designing interrupt service routines to avoid reentrancy and other
problems by first disabling further interrupts while servicing an interrupt.

Next, the w registry aﬁd status registry are backed up 42, and the TMRO register is
loaded with the PWM value from the PWM registry 43. The system is then checked to
determine if the voltage is out of range 44. If so, execution proceeds to the turn the heater
off step 50. Otherwise, the system is checked for an over- or undercurrent condition. If
either exists, execution proceeds to the turn the heater off subroutine 50. If not, the
temperature loop error is checked to see if it is zero 46, indicating that the set point
temperature has been reached. If the loop error is zero, execution proceeds to the turn the

heater off subroutine 50.
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If the loop error is not zero, the PWM registry is subtracted from the loop error 47,
and if the result is not positive 48, execution proceeds to the turn the heater off subroutine
50. Otherwise, the heater is turned on 49.

Whether the heater is now on or off, the next step is to check if the PWM period has
started 51. If it has not, execution proceeds to the increment the PMW registry step 75. If
the PWM period has started, it is then determined whether the heater is turned on or off 52.

If the heater is off, execution proceeds to the step of determining if the system is in
an over-undercurrent off cycle 60. If the heater is on, a delay of approximately 200
milliseconds can be performed 53, to accommodate the current sensing transient. Other
suitable time frames can be selected or preselected. For example, a suitable delay can be
from about 100 ms to 1000 ms, preferably about 150 ms to 500 ms. The current sensing
ADC channel is then selected 54, and the ADC conversion subroutine is called 55.
Although not depicted in detail herein, ADC conversion subroutines are well known to
those of ordinary skill in the art.

The result of the ADC conversion, the "current value," is then stored in the current
registry 56. The current value is then compared with the maximum allowed value 57. If the
current value exceeds the maximum allowed value, execution proceeds to the step of
incrementing the current fail cycles counter 64. Otherwise, the current value is compared
with the minimum allowed value 58. If the current value is lower than the minimum
allowed value, execution again proceeds to the step of incrementing the current fail cycles
counter 64. If the current value is in the allowable range, the current fail cycles counter is
reset to zero 59, and execution proceeds to the step of incrementing the PWM registry 75.

If it was detected that the PWM period had not started, execution had proceeded to
the check for the over-undercurrent off cycle step 60. If the system is not in the over-
undercurrent off cycle condition, execution proceeds to the step of incrementing the PWM
registry 75. If the system is in the over-undercurrent off cycle condition, the over-
undercurrent off cycle counter is decremented 61. The over-undercurrent off cycle counter
is then checked for a value of zero 62. Ifit is zero, the over-undercurrent fault flag is
cleared. Whether it is zero or not, execution then proceeds to the step of incrementing the
PWM registry 75.

As previously stated, if the current value exceeded the maximum allowed value,
execution proceeded to the step of incrementing the current fail cycles counter 64. The

current fail cycles is next checked for an overflow condition 65. If an overflow has
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occurred, the current fail cycles counter is set to its maximum value. Whether or not the
overflow occurred, the number of current fail cycles is compared with the maximal allowed
number 67. If the number of current fail cycles does not exceed the maximal allowed
number, execution then proceeds to the step of incrementing t'he PWM registry 75.

Otherwise , the over-undercurrent recovery trials counter is decremented 68, and
compared to zero 69. If the over-undercurrent recovery trials counter is zero, the system 18
turned off 73, and the overcurrent fault flag is cleared 74. Execution then proceeds to the
step of incrementing the PWM registry 75. If the over-undercurrent recovery trials counter
is not zero, the over-undercurrent on cycles counter is reset 70, the over-undercurrent fault
flag is set 71, the over-undercurrent off cycles counter is preset, and execution then
proceeds to the step of incrementing the PWM registry 75.

Finally, the w and status registries are restored 76, interrupts are enabled 77, and the
interrupt service routine is exited by executing a return 78.

It will be apparent to those of ordinary skill in the art that various modifications and
variations can be made in the method, circuit, and system of the present invention without
departing from the spirit and scope of the invention. Thus, it is intended that the present
invention include modifications and variations that are within the scope of the appended
claims and their equivalents, and the claims are to be accorded the broadest scope consistent

with the disclosure herein.
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THE CLAIMS

What is claimed is:

L. A method of controlling temperature in a mobile comfort device which
comprises:

selecting a desired temperature setting for the mobile comfort device;

determining a current temperature of the comfort device;

comparing the desired temperature to the current temperature to detect any
difference; and

modifying a pulsed width modulation (PWM) signal to the comfort device based on
the detected difference by an amount sufficient to change the temperature of the comfort

device to the desired temperature, thus providing accurate temperature control to the device.

2. The method according to claim 1, wherein the PWM signal is narrowed

when the desired temperature is lower than the current temperature.

3. The method according to claim 1, wherein the PWM signal is broadened

when the desired temperature is higher than the current temperature.

4. The method according to claim 1, wherein the mobile comfort device

comprises an in-vehicle comfort device.

5. The method according to claim 1, wherein the in-vehicle comfort device

comprises a temperature modifiable seat or steering wheel.

6. The method according to claim 1, wherein the steps of obtaining the current
temperature from the comfort device, comparing the desired temperature to the current

temperature, and modifying the PWM signal are repeated periodically.

7. The method according to claim 1, wherein the step of obtaining from the user

the desired temperature setting for the comfort device occurs asynchronously.
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8. The method according to claim 1, wherein a default temperature setting is

provided for the comfort device and is initially used as the desired temperature.

9. The method according to claim 8, wherein the default temperature setting is

selectable to a desired value.

10.  The method according to claim 9, wherein the default temperature setting is

the last temperature previously selected for the comfort device.

11.  The method according to claim 1, wherein the modifying of the PWM signal
is determined by multiplicatively combining the difference between the desired temperature

and the current temperature of the comfort device with a numeric calibration factor.

12.  The method according to claim 11, wherein the numeric calibration factor is

a composite of two or more numeric calibration factors.

13.  The method according to claim 1, wherein modifying of the PWM signal is
determined by combining the difference between the desired temperature and the current

temperature of the comfort device with a numeric calibration factor.

14.  The method according to claim 1 which further comprises:
subtracting the current temperature from the desired temperature to obtain a numeric
temperature difference; and

multiplying the temperature difference by a numeric calibration factor to produce the

PWM signal.

15.  The method according to claim 14,wherein the control of the temperature is
sufficiently responsive such that a user does not notice that when the comfort device is

incorrectly controlled.

16.  The method of claim 1, wherein the temperature control comprises heating.
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17. A system for controlling a mobile temperature-modifying comfort device
comprising:

a comfort device;

a microprocessor operatively connected to associated memory, a user interface and a
power interface, each being electronically interconnected, with the power interface being
further connected to the comfort device;

a temperature sensor and analog-digital converter (ADC) connected to the comfort
device, with the ADC further connected to the microprocessor;

wherein the microprocessor and associated memory are configured so as to

obtain from the user interface a desired temperature setting for the comfort
device;

obtain a current temperature of the comfort device from the temperature
sensor and ADC;

compare the desired temperature to the current temperature to determine the
difference; and

modify the pulsed width modulation (PWM) signal to the comfort device
based on the difference so as to provide sufficient control of the temperature of the comfort

device.

18.  The system according to claim 17, wherein the microprocessor steps of:
obtaining a current temperature of the comfort device from the temperature
sensor and ADC,;
comparing the desired temperature to the current temperature; and
modifying the PWM signal,;

are repeated periodically.
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