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(57) ABSTRACT

A control system and associated methods for an air treatment
system. In one aspect, the present invention provides a control
system and method for controlling blower speed as a function
of separately determined smoke and dust concentrations. In
one embodiment, the control system and method provides a
variable delayed between changes in motor speed to address
undesirable rapid changes between speeds. In another aspect,
the present invention provides a system and method for cali-
brating a sensor to provide more uniform operation over time.
In yet another aspect, the present invention provide a system
and method for calibrating motor speed to provide more
consistent and uniform motor speed over time. The present
invention also provides a system and method for tracking
filter life by as a function of time, motor speed and/or a sensed
variable, such as particulate concentration in the environ-
ment.
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CONTROL METHODS FOR CALIBRATING
MOTOR SPEED IN AN AIR TREATMENT
SYSTEM

[0001] The present application is a divisional of U.S. patent
application Ser. No. 11/456,955, filed Jul. 12, 2006, which
claims the benefit of U.S. Provisional Application No.
60/699,163 filed Jul. 14, 2005.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to control systems and
methods, and more particularly to control systems and meth-
ods for an air treatment system.

[0003] Air treatment systems are available with a wide
variety of control systems. A number of air treatment systems
include manual control systems that permit the user to manu-
ally control a variety of aspects of operation of the system,
such as motor speed and time of operation. This permits the
user to manually increase the motor speed in response to
environmental conditions, for example, when cigarette
smoke enters the room. Some of the more complex control
systems provide automation of select operation, including
motor speed and time of operation. For example, some con-
trol systems have the ability to adjust the motor speed in
response to smoke and particulate concentrations in the air.
This eliminates the need for the user to continually adjust the
air treatment system to match environmental conditions.
[0004] Over time, conventional filters become increasingly
filled with contaminants filtered from the air. The accumula-
tion of contaminants increasingly affects performance of the
air treatment system. At some point, the filter reaches a con-
dition where it should be replaced. To assist a user in deter-
mining the appropriate time for filter replacement, some air
treatment systems have the ability to track usage and calculate
an approximation of when the filter should be replaced. Typi-
cally, these types of systems provide a visual indication, such
as an illuminated LED, when it is time to change the filter.
Although an improvement over systems without the ability to
track filter life, conventional control systems of this type
oversimplity the factors that contribute to filter life, and
accordingly may not provide a particularly accurate approxi-
mation of filter life.

[0005] Although existing control system help to automate
operation of the air treatment system, there remains a need for
amore efficient and effective control system that is capable of
taking into consideration a wide variety environmental con-
ditions. This need also extends to control systems with more
accurate and effective ways of tracking filter life.

SUMMARY OF THE INVENTION

[0006] In one aspect, the present invention provides a sys-
tem for automatically controlling the blower speed of an air
treatment system in response to separately determined smoke
and dust concentrations.

[0007] In another aspect, the present invention provides a
system for providing variable delayed control over motor
speed during the automatic mode of operation.

[0008] Inyetanother aspect, the present invention provides
a system for calibrating a particulate or chemical sensor
incorporated into an air treatment system.

[0009] In a further aspect, the present invention provides a
system for calibrating blower motor speed.
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[0010] In another aspect, the present invention provides a
system for tracking filter life as a function of time, blower
speed and/or a sensed variable, such as particulate concentra-
tion or total particulates accumulated in the filter.

[0011] These and other objects, advantages, and features of
the invention will be readily understood and appreciated by
reference to the detailed description of the current embodi-
ment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a flowchart showing the general steps of
one embodiment of the automatic motor speed control algo-
rithm.

[0013] FIG. 2 is a flowchart showing the general steps of
one embodiment of the dust algorithm.

[0014] FIG. 3 is a flowchart showing the general steps of
one embodiment of the smoke algorithm.

[0015] FIG. 4 is a flowchart showing the general steps of
one embodiment of the particulate level determination algo-
rithm.

[0016] FIG. 5 is a flowchart showing the general steps of
one embodiment of the sensor calibration algorithm.

[0017] FIG. 6 is a flowchart showing the general steps of
one embodiment of the motor speed calibration algorithm.
[0018] FIG. 7 is a flowchart showing the general steps of
one embodiment of the filter life algorithm.

DESCRIPTION OF THE CURRENT
EMBODIMENT

[0019] The present invention is described in connection
with an air treatment system having a blower that moves air
through a prefilter, a particulate filter and an odor filter. The
air treatment system includes a control system that monitors
and controls operation of the system. The control system
includes generally conventional components, such as a pro-
grammable microcontroller and one or more sensors. In one
embodiment, the control system includes a particulate sensor
that provides information concerning the amount of particu-
late matter in the air, as well as an RPM sensor that provides
information concerning the speed of the blower motor.

[0020] The microcontroller is configured to run a plurality
of control algorithms and to receive input from the sensors. In
summary, the control system may include an automatic
operation algorithm that automatically adjusts blower motor
speed as a function of the output of the particulate sensor. The
automatic control algorithms may utilize separate smoke and
dust level algorithms to determine blower motor speed. The
control system may also include a variable delay algorithm
for permitting the user to control the minimum amount of
time that the blower will remain at a given speed before
permitting adjustment to a different speed. The control sys-
tem may further include calibration algorithms that improve
the performance of the system. In one embodiment, the cali-
bration algorithms include a particulate sensor calibration
algorithm that can be run to calibrate the particulate sensor
during production and periodically during operation. The
calibration algorithms may also include a motor calibration
algorithm that can be run to provide ongoing calibration of
blower motor speed. The control system may further include
algorithms for tracking the life of the prefilter, odor filter and
particulate filter. The control filter life algorithms may track
filter life based on time, blower speed, total amount of par-
ticulate entering the system and/or particulate concentration,
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and may take appropriate action, such as illuminate an indi-
cator, when it is necessary to clean or replace a filter.

[0021] The following sections described the aforemen-
tioned control algorithms in detail.

1. Automatic Motor Speed Control.

[0022] In one aspect, the present invention provides an
algorithm for automatically controlling the speed of a blower
motor in an air treatment system as a function of a sensed
variable. For example, in one embodiment, the system auto-
matically increases or decreases the blower motor speed as a
function of the amount of particulates sensed by a particulate
sensor. In this embodiment, the blower motor may be moved
between five discrete motor speeds. The number of different
motor speeds may be varied from application to application as
desired. In one embodiment, the blower motor speed is
adjusted by varying the percent duty cycle of the speed con-
trol signal supplied to the blower motor using conventional
techniques and apparatus.

[0023] In this embodiment, the air treatment system
includes a generally conventional particulate sensor having
an output voltage that varies depending on the amount of
particulate matter in the air. One suitable particulate sensor is
available from Sharp as Part No. GP2Y 1010AU. This particu-
lar sensor includes an LED spaced apart from a light sensor.
The light sensor is configured to provide a signal having a
voltage that is proportional to the amount of light emitted by
the LED that reaches the sensor. The sensor is configured so
that light emitted by the LED does not have a direct path to the
light sensor. Rather, the LED light will only reach the sensor
if it is reflected toward the sensor. Particles in the air provide
the reflection necessary to direct some of the LED light
toward the light sensor. The greater the size and/or number of
particles in the air, the greater the amount of light that will be
reflected to the sensor and hence the greater the output volt-
age. The particle sensor provides an analog signal, and may
be connected to an analog input on the microcontroller. The
microcontroller may convert the analog signal to a corre-
sponding digital signal for processing.

[0024] As noted above, the control system is configured to
operate the blower motor at one of five different blower motor
speeds. To provide direct correlation between the particulate
sensor readings and different blower motor speeds, the range
of possible sensor readings is divided into 5 subranges. The
number of subranges can vary depending on the number of
desired blower speeds. For example, if 3 blower speeds were
desired, the range of possible sensor readings would be
divided into 3 separate subranges. The method for determin-
ing the subranges may vary from application to application.
In addition, the correlation of speeds to subranges may vary.
For instance, there could be two speeds for each subrange. In
this embodiment, however, the subranges are determined by
simply dividing the range of possible sensor readings into 5
even subranges. The subranges may alternatively be weighted
or otherwise represent unequal portions of the overall range.
An example of an alternative method for determining the
subranges is described below.
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[0025] In one embodiment, the control algorithm 10 takes
periodic readings from the particulate sensor at a specific rate
12 (See FIG. 1). For example, in one embodiment, the control
software takes a reading from the particulate sensor once
every 50 milliseconds. The frequency of the readings may
vary from application to application. In fact, as described in
more detail below, the frequency may be varied as a mecha-
nism to calibrate the sensor output.

[0026] In one embodiment, the present invention deter-
mines 20 the particulate level from the periodic sensor read-
ings using two different algorithms-one configured to mea-
sure the level of smoke in the air 16 and the other configured
to measure the level of dust in the air 18. The particulate level
can be used to set blower motor speed 22 and may also be
displayed to the user. It has been determined that smoke has a
more moderate, but consistent, impact on the output of the
particle sensor. Particles such as dust, on the other hand, cause
more peaks in the output of the particle sensor. Improved
performance is provided by determining the particulate level,
and consequently the blower motor speed, as a function of
both the smoke level and the dust level.

[0027] In general, the dust algorithm 100 operates by con-
sidering a collection of peak sensor readings over a plurality
of consecutive time periods 102 (See FIG. 2). The algorithm
compares these peak sensor readings to a look-up table to
determine the particle level output. In this embodiment, the
dust algorithm maintains 102 a revolving first-in-first-out
(FIFO) queue of variables, each associated with a discrete
time segments. Each of these time segments is referred to as
a “bucket.” There are six buckets in this embodiment, but the
number of buckets may vary from application to application.
Each bucket is associated with a fixed time period, which in
one embodiment is a ten second interval. But, the length of
this interval may vary from application to application. The
algorithm uses the aforementioned FIFO queue of variables
to maintain a separate peak value for each bucket (or ten
second interval). Accordingly, the six buckets are collectively
associated with the last 60 seconds and the peak value vari-
able for each bucket contains the highest sensor reading taken
during the corresponding bucket (or ten second time interval).

[0028] Operation of the dust algorithm will now be
described in more detail. As noted above, the control system
takes a sensor reading every 50 milliseconds. After each
reading is taken, the algorithm determines 106 the appropri-
ate bucket using conventional timing techniques, such as
using interrupts to maintain a clock. The sensor reading is
compared 108 to the current value contained in the peak value
variable for the appropriate bucket. If the sensor reading is
higher than the current value of the peak value variable 110,
then the sensor reading is stored 112 in the peak value vari-
able—overwriting the existing value. If not, the sensor read-
ing is ignored and the existing value is retained. The process
repeats 114 for each sensor reading. After the end of each ten
second interval, the peak value variable for the associated
bucket holds the peak value for that ten second interval and
processing continues for the next bucket. As time passes to
each new bucket, the sensor readings are considered for writ-
ing to the peak value variable for the new bucket. Once six
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buckets are completed (in other words, the FIFO queue is
full), the algorithm overwrites the peak value variable for the
oldest of the six buckets. The process continues with each new
bucket utilizing the peak value variable for the remaining
oldest bucket. As a result, the dust algorithm builds and main-
tains a queue of six peak value variables that contain the
highest sensor readings for each of the immediately preced-
ing six ten second intervals.

[0029] The smoke algorithm 150 separately evaluates the
same 50 millisecond sensor readings, but it does so in a
different manner (See FIG. 3). The smoke algorithm main-
tains a rolling average of the readings over a fixed number of
readings. For example, in one embodiment, the smoke algo-
rithm 150 maintains a rolling average of the last 100 sensor
readings. The 100 readings are maintained 160 in a revolving
first-in-first-out (FIFO) buffer 154. At the same time, a run-
ning total 152 of the readings contained in the buffer is main-
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buckets that have the corresponding dust level. For example,
if the six buckets include three buckets with a peak value in
the dust level 4 range, the value of the dust level four counter
would be 3. Similarly, if two of the buckets included a peak
value in the dust level 3 range, the value of the dust level 3
counter would be 2. Finally, if the last bucket included a peak
value in the dust level 5 range, the value of the dust level 5
counter would be 1. For each dust level counter that is not
zero, the counter is compared to a look-up table to determine
a corresponding “temporary particle level.” The automatic
control algorithm then determines the particle level as a func-
tion of the temporary values returned from the look-up table.
For example, the particle level may simply be the largest of
the dust levels returned for each bucket. Alternatively, the
particle level can be determined as a simple or weighted
average of the returned dust level. The following is a tempo-
rary particle level look-up table of one embodiment.

TEMPORARY PARTICLE LEVEL LOOKUP TABLE

1 Count

2 Counts

3 Counts 4 Counts 5 Counts 6 Counts

Dust Level 1 Counter
Dust Level 2 Counter
Dust Level 3 Counter
Dust Level 4 Counter
Dust Level 5 Counter

Dust_Level 1 Dust_Level 1 Dust_Level 1 Dust_Level 1 Dust_Level 1 Dust_Level 1
Dust_Level 2 Dust_Level 2 Dust_Level 2 Dust_Level 2 Dust_Level 2 Dust_Level 2
Dust_Level 2 Dust_ILevel 2 Dust_Level 2 Dust_Ievel 3 Dust_Level 3 Dust Level 3
Dust_Level 3 Dust_Level 3 Dust_Level 4 Dust_Level 4 Dust_Level 4 Dust_Level 4
Dust_Level 3 Dust_Level 4 Dust_Level 4 Dust_Level 5 Dust_Level 5 Dust_Level 5

Row = Dust Level

Column = Number of Buckets within each Dust Level

tained. Each time a new reading is taken 162, the oldest value
in the buffer is subtracted 156 from the total and the new
reading is added 160. Accordingly, the average of the 100
sensor readings in the buffer can be readily computed by
dividing the running total by 100.

[0030] In this embodiment, the data maintained by the
smoke algorithm and the dust algorithm is used to compute
the overall “particulate level” The particulate level is then
used to control blower motor speed. The automatic control
algorithm of this embodiment periodically processes the data
maintained by the dust algorithm and the smoke algorithm to
determine the particulate level. In this embodiment, the data
is processed every five seconds. One embodiment of the
algorithm 200 for determining the particulate level is shown
in FIG. 4. At each five second interval, the automatic control
algorithm processes the smoke algorithm data by retrieving
the running total of the last 100 samples and dividing that
number by 100 to obtain the average sensor reading 208. The
average sensor reading is then compared 210 to the five par-
ticulate level subranges (which, in this embodiment, are the
same as the dust level subranges) to obtain the smoke level.
The automatic control algorithm processes the dust algorithm
data by performing actions on the six peak dust level variables
maintained by the dust algorithm to determine a dust level. In
this embodiment, the value contained in each of the six peak
dustlevel variables is separately compared 206 to the five dust
level subranges to determine the corresponding dust level for
each particular bucket. For each dust level, the algorithm
maintains a counter that contains the number of the six current

[0031] Inthe above example, the temporary particle levels
determined from the look-up table would be “Dust Level 4,”
“Dust Level 2 and “Dust Level 3.” The algorithm returns the
highest of these temporary particle levels as the actual particle
level. In this case, the algorithm would return a particle level
of 4.

[0032] The automatic control algorithm then determines
the actual particulate level (and consequently the motor
blower speed) as a function of the smoke level and the dust
level 212. In one embodiment, the algorithm simply takes the
larger of the dust level and the smoke level, and uses that value
as the particulate level to set the actual blower speed. In other
embodiments, the actual blower speed may be some other
function of the dust level and the smoke level. For example,
the actual blower speed may be a simple or weighted average
of the dust level and the smoke level.

[0033] In an alternative embodiment, the control system
may include a plurality of different look-up tables for use in
connection with the dust algorithm, each being configured to
reflect a different level of sensitivity. In this alternative
embodiment, the user is provided with a mechanism for
selecting the look-up table corresponding with the desired
level of sensitivity. For example, in one example of this alter-
native embodiment, the control system may include five alter-
native temporary particle level look-up tables. The following
are five alternative temporary particle look-up tables for one
exemplary embodiment of this alternative embodiment. As
can be seen, these alternative look-up tables are configured so
that each successive table provides an overall increasingly
greater response to the sensed values. By permitting a user to
select the desired table, the system is capable of accommo-
dating users with different levels of sensitivity.
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TEMPORARY PARTICLE LEVEL LOOKUP TABLES

1 Count

2 Counts

3 Counts

4 Counts

5 Counts

6 Counts

Dust Level 1 Counter
Dust Level 2 Counter
Dust Level 3 Counter
Dust Level 4 Counter
Dust Level 5 Counter

Dust Level 1 Counter
Dust Level 2 Counter
Dust Level 3 Counter
Dust Level 4 Counter
Dust Level 5 Counter

Dust Level 1 Counter
Dust Level 2 Counter
Dust Level 3 Counter
Dust Level 4 Counter
Dust Level 5 Counter

Dust Level 1 Counter
Dust Level 2 Counter
Dust Level 3 Counter
Dust Level 4 Counter
Dust Level 5 Counter

Dust Level 1 Counter
Dust Level 2 Counter
Dust Level 3 Counter
Dust Level 4 Counter
Dust Level 5 Counter

Dust_Level 1
Dust_ Level 1
Dust_Level 2
Dust_Level 2
Dust_Level 2

Dust_Level 1
Dust_ Level 1
Dust_Level 2
Dust_Level 2
Dust_Level 3

Dust_Level 1
Dust_Level 1
Dust_ Level 2
Dust_Level 3
Dust_Level 3

Dust_Level 1
Dust_Level 2
Dust_Level 2
Dust_ Level 3
Dust_Level 3

Dust_ Level 1
Dust_Level 2
Dust_Level 2
Dust_Level 3
Dust_Level 3

Sensitivity Level 1

Dust_Level 1
Dust_Level 1
Dust_Level 2
Dust_Level 2
Dust_Level 3

Dust_Level_1
Dust_ Level 2
Dust_Level_2
Dust_Level_2
Dust_Level_3

Sensitivity Level 2

Dust_Level 1
Dust_Level 1
Dust_Level 2
Dust_Level 3
Dust_Level 3

Dust_Level_1
Dust_ Level 2
Dust_Level_2
Dust_Level_3
Dust_Level_3

Sensitivity Level 3

Dust_Level 1
Dust_Level 2
Dust_ Level 2
Dust_Level 3
Dust_Level 3

Dust_Level_1
Dust_Level_2
Dust_ Level 2
Dust_Level_3
Dust_Level_4

Sensitivity Level 4

Dust_Level 1
Dust_Level 2
Dust_Level 2
Dust_Level 3
Dust_Level 4

Dust_Level_1
Dust_Level_2
Dust_Level_2
Dust_ Level 4
Dust_Level_4

Sensitivity Level 5

Dust_Level 1
Dust_Level 2
Dust_Level 3
Dust_Level 3
Dust_Level 4

Dust_ Level 1
Dust_Level_2
Dust_Level_3
Dust_Level_4
Dust_Level_4

Dust_Level 1
Dust_ Level 2
Dust_Level 2
Dust_Level 3
Dust_Level 3

Dust_Level 1
Dust_ Level 2
Dust_Level 3
Dust_Level 3
Dust_Level 4

Dust_Level 1
Dust_Level 2
Dust_ Level 3
Dust_Level 4
Dust_Level 4

Dust_Level 1
Dust_Level 2
Dust_Level 3
Dust_ Level 4
Dust_Level 5

Dust_ Level 1
Dust_Level 2
Dust_Level 3
Dust_Level 4
Dust_Level 5

Dust_Level 1
Dust_ Level 2
Dust_Level 3
Dust_Level 3
Dust_Level 4

Dust_Level 1
Dust_ Level 2
Dust_Level 3
Dust_Level 4
Dust_Level 4

Dust_Level 1
Dust_Level 2
Dust_ Level 3
Dust_Level 4
Dust_Level 4

Dust_Level 1
Dust_Level 2
Dust_Level 3
Dust_ Level 4
Dust_Level 5

Dust_ Level 1
Dust_Level 3
Dust_Level 3
Dust_Level 4
Dust_Level 5

Dust_Level 1
Dust_ Level 2
Dust_Level 3
Dust_Level 4
Dust_Level 5

Dust_Level 1
Dust_ Level 2
Dust_Level 3
Dust_Level 4
Dust_Level 5

Dust_Level 1
Dust_Level 2
Dust_Level 3
Dust_Level 4
Dust_Level 5

Dust_Level 1
Dust_Level 2
Dust_Level 3
Dust_ Level 4
Dust_Level 5

Dust_Level 1
Dust_Level 3
Dust_Level 4
Dust_Level 5
Dust_Level 5
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Row = Dust Level
Column = Number of Buckets within each Dust Level

[0034] As noted above, the control system is also provided
with a mechanism for permitting the user to select one of the
various alternative look-up tables. In one embodiment, the
control system is configured to cycle through the alternative
look-up tables in response to user input on the control panel.
For example, in the illustrated embodiment, the user may
depress and hold both the “Automatic” and “Timer” buttons
on the control panel while the system is plugged-in to initiate
the sensitivity selection algorithm. This algorithm cycles to
the next alternative look-up tables each time the “Automatic”
button is pressed. If the button is pressed when the most
sensitive look-up table is selected, the system cycles back
down to the least sensitive look-up table. The control system
may leave the sensitivity selection algorithm if the “Auto-
matic” button is not pressed for a given period of time. For
example, the control algorithm may exit the sensitivity selec-
tion algorithm if the “Automatic” button is not pressed for a
period of five seconds. The control panel may include a visual
indication of the current sensitivity setting. For example, the
control panel may include a separate LED for each setting and
the appropriate LED may be illuminated to show the current
sensitivity.

II. Variable Delay.

[0035] In the automatic mode of operation, it is possible
that the determined actual blower speed will vary relatively

quickly from one blower speed to another. It is possible thata
user will be distracted by constant or rapid changes in blower
speed. Accordingly, the automatic control algorithm includes
a delay algorithm that will maintain the blower at a given
blower speed for a minimum period of time. For example, the
delay period may be set at 30 seconds so that the blower will
remain at a given speed for at least 30 seconds. If the smoke
algorithm and the dust algorithm determines that the blower
speed should be varied during this initial 30 second delay, the
automatic control algorithms will nonetheless maintain the
current blower speed until the end of the 30 second period. At
the end of the 30 second period, the automatic control algo-
rithm will again permit the blower speed to be adjusted as a
function of the smoke algorithm and the dust algorithm. To
provide the delay functionality, the control software main-
tains a counter of the time that has passed since that last
blower speed change. Each time the blower speed is changed,
this counter is reset to zero. The automatic control algorithm
checks this counter before implementing a blower speed
change. If the counter is less than 30 seconds, the automatic
control algorithm simply ignores the new blower speed set-
ting determined by the smoke and dust algorithms. If the
counter is at or above 30 seconds, the automatic control
algorithm implements the blower speed change and resets the
counter to zero.

[0036] Insome applications, it may be desirable to vary the
amount of delay included in the blower speed control algo-
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rithms. For example, when providing demonstrations of the
air treatment system, it may be desirable to demonstrate rapid
changes in blower speed in response to changes in the par-
ticulate concentration in a room. As another example, a user
may prefer a longer or shorter delay. To permit the length of
the delay to be varied, the control software includes a variable
delay algorithm. The variable delay algorithm permits a user
to set the time period during which the blower will remain at
a given speed. In one embodiment, the variable delay algo-
rithm permits the user to select one of various preset time
delays, for example, ranging from five seconds to 55 seconds
in ten second intervals. In this embodiment, changes in the
delay may be made by actuation of a corresponding “Variable
Delay” control button. Alternatively, changes in the delay
may be made by depressing a combination of other control
buttons, for example, by cycling through the various delay
values in response to simultaneous pushes of the “Blower
Speed” and “Automatic” control buttons.

[0037] Insome situations, the dust level may linger around
the borderline between two ranges. Vacillation of the dust
level above and below the borderline, may cause the control
algorithms to continuously increase and decrease the blower
motor speed at the fastest rate permitted by the variable delay
algorithms. In some applications, it may be undesirable to
have such a rapid and repetitive change in blower motor
speed. Accordingly, the control algorithms may include an
additional delay algorithm that permits the motor speed to be
reduced from one level to the next only when the sensor
reading is substantially within the next lower range. In one
embodiment, the system will only reduce the blower motor
speed ifthe particulate sensor reading is at least 100 millivolts
into the next lower range. The particular offset required to
permit movement to the next lower blower motor speed may,
however, vary from application to application. Although the
described embodiment of this algorithm affects only down-
ward movement of the blower motor speed, the algorithm
could alternatively affect only upward movement of the
blower motor speed or both upward and downward move-
ment.

III. Sensor Calibration Algorithm.

[0038] Experience has revealed that not all particle sensors
provide the same output voltage in response to the same
particulate concentrations in the air. These variations may
result from various factors, such as variations in the light
emitted by the LED and imperfections in the light sensor.
Further, the sensor’s output may vary over time, for example,
as a result of changes in the operation of the LED or light
sensor that naturally occur over the life cycle of the compo-
nents.

[0039] To improve performance, the present invention pro-
vides an algorithm for calibrating a particulate sensor. This
algorithm permits that sensor to be calibrated during produc-
tion to accommodate variations resulting from the manufac-
ture of the sensor, as well as periodically over the life of the air
treatment system to accommodate variations occurring over
the life cycle of the components. In effect, the algorithm may
shift and/or scale the output voltage of the sensor to correlate
with the desired blower speeds. Once computed, the sensor
calibration data may be stored in an EEPROM so that it can be
retrieved even if the system loses power. Although the present
invention is described in connection with the calibration of a
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particulate sensor, the calibration algorithms are well suited
for use in calibrating other types of sensors, such as chemical
sensors.

[0040] In one embodiment, the calibration algorithm is
configured to permit adjustment of the reference voltage (or
baseline voltage) (See FIG. 5). The reference voltage is the
output voltage expected from the sensor when the particulate
concentration is at or reasonably close to zero. To calibrate the
reference voltage, the calibration algorithm 250 includes the
steps of: (i) taking a first sample reading from the sensor 252,
(ii) storing the first sample reading in a local variable 254, (iii)
taking a sample reading from the sensor 256, (iv) comparing
the reading with the value of the local variable 258, (v) if the
reading is lower than the local variable, then store the sample
reading in the local variable 262, (vi) repeat steps (iii) and (iv)
at 100 millisecond intervals until a total of 20 sample readings
have been collected 264, and (iv) use the value stored in the
local variable as the reference voltage. In an alternative
embodiment, the reference voltage may be determined by
computing the average of a predetermined number of read-
ings. For example, the control algorithm may include the
steps of: (1) taking a first sample reading from the sensor, (ii)
storing the first sample reading in a local variable, (iii) taking
a sample reading from the sensor, (iv) adding the sample
reading to the value of the local variable, (v) repeating steps
(iii)-(iv) until a total of 20 samples readings have been taken
and the summation of the 20 sample readings is stored in the
local variable, (vi) determining the average sample reading by
dividing the value stored in the local variable by 20, (vii)
using the average sample reading as the reference voltage.

[0041] Once the reference voltage has been obtained, the
control software can calculate the sensor reading ranges that
equate to the possible blower speeds. In this embodiment, the
control system is configured to operate the blower motor at
five different speeds. Accordingly, the sensor reading ranges
are to be divided into five corresponding subranges. In one
embodiment, these five subranges are determined by calcu-
lating five sequential 250 millivolt windows based on the
determined reference voltage. For example, if the reference
voltage is determined to be 1.235 volts, the five subranges
would be: (1) 1.235 to 1.485 millivolts, (2) 1.486 to 1.736
millivolts, (3) 1.737 to 1.987 millivolts, (4) 1.988 to 2.238
millivolts and (5) 2.239 to 2.489 millivolts. Values falling
below 1.235 may be associated with the first subrange. Simi-
larly, values exceeding 2.489 millivolts may be associated
with the fifth subrange.

[0042] Inan alternative embodiment, it may be desirable to
vary the size of the subranges. For example, in applications
where the output voltage of the sensor is not linearly propor-
tional to the particulate concentration in the air, it may be
desirable to vary the size of the subranges to follow the curve
of'the output voltage. It has been determined that the curve of
the output voltage for a given sensor varies based in large part
on the output voltage of the sensor when the sensor is sensing
substantially clean air (i.e. the reference voltage). In fact, the
manufacturer of the particulate sensor identified above and
utilized in one embodiment of the present invention provides
information about the output voltage curve for the sensors
based on the sensor’s reference voltage. To adjust the sub-
ranges for a given sensor, the algorithm computes the refer-
ence voltage for the sensor utilizing the methodology
described above. Once the reference voltage is determined,
the subrange algorithm uses the reference voltage to deter-
mine the subranges. In one embodiment, the subrange algo-
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rithm compares the reference voltage to a look-up table stored
in the system. The look-up table defines the subranges that
correspond with each particular reference voltage. For
example, the look-up table may include the values represen-
tative of the bounds of each subrange. In an alternative
embodiment, the look-up table may be replaced by a formula
that approximates the appropriate bounds of each subrange.
[0043] There are alternative methodologies for calibrating
the sensor. In an alternative embodiment, the calibration algo-
rithm may vary the frequency at which samples are taken
from the sensor during normal operation. It has been deter-
mined that the sampling frequency affects the output voltage
obtained from the sensor. This is true at least with respect to
the particulate sensor identified above. The precise reason for
this has not been determined, but it appears to be due to
inherent characteristics of the sensor. For example, it has been
determined that by increasing the sampling frequency there
will be a decrease in the output voltage of the sensor over the
same air conditions. Similarly, by reducing the sampling fre-
quency there will be an increase in the output voltage of the
sensor over the same air conditions. Accordingly, in this
embodiment, the calibration algorithm includes the steps of:
(1) taking a fixed number of sample readings at a fixed fre-
quency, (ii) comparing the lowest reading value with the
desired reference voltage, (iii) if the lowest reading is within
an acceptable range for the reference voltage, then quit, leav-
ing the sampling frequency at its current value, (iv) if the
lowest reading is higher than the acceptable range, then
increase the sampling frequency and repeat steps (i)-(iii), and
(v) if the lowest reading is lower than the acceptable range,
then decrease the sampling frequency and repeat steps (i)-
(iii). In one embodiment, the initial frequency is set to provide
a 50 milliseconds interval for sensor readings and the fre-
quency may be adjusted in fixed segments of 5 to 10 milli-
second segments. Alternatively, the frequency may be
adjusted as a function of the difference between the lowest
sample reading and the acceptable range. For example, the
frequency may be adjusted by a greater amount if the lowest
sample reading is farther away from the acceptable range.

IV. Motor Speed Calibration.

[0044] To provide consistent operation of the blower, the
present invention provides an algorithm for calibrating motor
speed. In one embodiment, the motor speed calibration algo-
rithm is operating continuously to maintain consistent blower
operation over the life of the system. In this embodiment, the
motor speed calibration algorithm is run each time that the
motor speed changes. The motor speed calibration algorithm
may alternatively be run continuously or at different time
periods.

[0045] In one embodiment, the motor includes an RPM
sensor that provides a pulse signal at a frequency that is
representative of the motor RPMs. The RPM sensor may be
connected to a digital input on the microcontroller. The
microcontroller may determine the frequency of the PWM
signals.

[0046] In one embodiment the motor speed calibration
algorithm is run each time that the motor speed is changed. In
this embodiment (See FIG. 6), the motor speed calibration
algorithm 300 may include the following general steps: (i)
wait 30 seconds after a change is blower motor speed 302, (ii)
take 30 readings from the RPM sensor at 1 second intervals
304, (iii) compute the average of these 30 readings 306, (iv)
compare the average reading with a predetermined range of
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acceptable RPMs 308, (v) if the average reading is within an
acceptable range for that motor speed, then quit, (vi) if the
average reading is high 310, the percent duty cycle of the
speed control signal applied to the motor is reduced by one
percent 312, (vi) if the average reading is low 314, the percent
duty cycle of the speed control signal applied to the motor is
increased by one percent 316, and (vii) repeat steps (ii)
through (vii) until the average reading falls within the accept-
able range. If desired, each time there is a change in percent
duty cycle, the new value for that particular blower motor
speed can be stored in an EEPROM so that the values can be
retrieved after the system recovers from a power failure.
[0047] As noted, the motor calibration algorithm of one
embodiment is run each time the blower motor speed
changes. If desired, the system may be configured to provide
calibration of all five blower speeds at initial start up. For
example, the control system may step through each blower
speed upon initial start-up and hence cause calibration at each
blower speed.

V. Filter Life.

[0048] The present invention includes algorithms for track-
ing the life of one or more filters. The purpose of these
algorithms is to provide the user with an indication when it is
necessary to clean or replace the filters. In one embodiment,
the present invention is intended for use in an air treatment
system having a pre-filter, a particulate filter (e.g. a HEPA
filter) and an odor filter (e.g. an activated carbon filter). The
present invention includes algorithms for monitoring the life
of'each of these filters. The life of the pre-filter and the life of
the odor filter are computed as a function of time and motor
speed. The life of the particulate is computed as a function of
time, motor speed and the output of the particulate sensor. In
one embodiment, the control system maintains a separate
filter life variable for each filter. During operation, these
variables are incremented by a value that is determined as a
function of the relevant factors (e.g. time, blower speed and/
or particulate sensor output).

[0049] In one embodiment, the filter life algorithm for the
prefilter includes the following general steps: (i) obtain motor
speed value, (ii) retrieve corresponding motor speed factor
from a pre-filter look-up table, (iii) obtain time interval, (iv)
multiply time interval by the motor speed factor, and (v)
increment prefilter life counter by the product of time interval
and motor speed factor.

[0050] In one embodiment, the filter life algorithm for the
odor filter is essentially identical to the prefilter algorithm
except that it utilizes a different look-up table. The odor filter
algorithm includes the following general steps: (i) obtain
motor speed value, (ii) retrieve corresponding motor speed
factor from the odor filter look-up table, (iii) obtain time
interval, (iv) multiply time interval by the motor speed factor,
and (v) increment odor filter life counter by the product of
time interval and motor speed factor.

[0051] In one embodiment, the filter life algorithm for the
particulate filter is somewhat more complex than the other
filter life algorithms because it may take particulate sensor
readings into consideration. The particulate filter life algo-
rithm 400 shown in FIG. 7 includes the following general
steps: (1) obtain motor speed value 408, (ii) retrieve corre-
sponding motor speed factor from a particulate filter look-up
table 410, (iii) obtain current particulate level value 412, (iv)
retrieve corresponding particulate level factor from a look-up
table 414, (v) obtain time interval 416, (vi) multiply motor



US 2010/0042262 Al

speed factor, particulate level factor and time interval 418,
(vii) increment filter life counter by product of motor speed
factor, particulate level factor and time interval 420.

[0052] In another embodiment, the filter life algorithm for
the particulate filter determines the total amount of particulate
that has entered the filter and compares that to a predeter-
mined limit. In the current filter used this limit is 160 grams.
This limit can vary depending on the design of the filter and
the application. The particulate filter life algorithm in this
case includes the following general steps: (i) obtain motor
speed value, (ii) obtain current particulate level value, (iii) use
the particulate level value to calculate the particulate density
(grams/cubic foot) or retrieve the particulate density from a
look-up table, (iv) obtain time interval since the last calcula-
tion, (v) multiply motor speed, particulate density and time
interval, (vi) increment filter life accumulator by product of
motor speed, particulate density and time interval.

[0053] The filter life algorithm may take any of various
predetermined actions once the filter life for a particular filter
has exceeded a predetermined value. For example, the filter
life algorithm may illuminate an LED or other indicator to
advise the user that the filter needs to be changed. If the user
fails to change the filter within a specific period of time, the
filter life algorithm could prevent operation of the system.
[0054] Thefilter life algorithms are described in connection
with an air treatment system having a particulate sensor.
Accordingly, the particulate filter life algorithm takes into
consideration the output of the particulate sensor. These algo-
rithms are also well suited for using in taking into consider-
ation other types of relevant input. For example, if the air
treatment system included a chemical sensor, the odor filter
life algorithm may take into account the output of the chemi-
cal sensor in essentially the same manner as the particulate
filter life algorithm takes account of the particulate sensor
output.

[0055] The above description is that of the current embodi-
ment of the invention. Various alterations and changes can be
made without departing from the spirit and broader aspects of
the invention as defined in the appended claims, which are to
be interpreted in accordance with the principles of patent law
including the doctrine of equivalents. Any reference to claim
elements in the singular, for example, using the articles “a,”
“an,” “the” or “said,” is not to be construed as limiting the
element to the singular.

The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A method for calibrating motor speed for a blower motor
in an air treatment system, comprising the steps of:

collecting a plurality of readings indicative of the motor

speed over a period of time;

computing a comparison value as a function of the col-

lected readings;

comparing the comparison value to a predetermined

acceptable range; and

adjusting the speed of the motor if the comparison value

falls outside the predetermined acceptable range.

2. The method of claim 1 further including the step of
repeating said collecting, computing, comparing and adjust-
ing steps until the comparison value falls within the predeter-
mined acceptable range.

3. The method of claim 2 wherein said adjusting step
includes varying the duty cycle of the power applied to the
motor.
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4. The method of claim 3 further including the step of
waiting a predetermined period of time after a motor speed
change occurs before undertaking said collecting step.

5. The method of claim 4 further comprising varying the
predetermined period of time.

6. The method of claim 4 wherein said collecting step
includes taking a plurality of readings from an RPM sensor.

7. The method of claim 6 wherein said taking step includes
taking a plurality of readings from an RPM sensor at prede-
termined intervals.

8. The method of claim 7 wherein the RPM sensor pro-
duces a pulse signal at a frequency indicative of motor speed.

9. The method of claim 8 further including the step of
providing the pulse signal of the RPM sensor to a microcon-
troller.

10. The method of claim 4 wherein said computing step
includes the steps of computing the average of the plurality of
readings and setting the comparison value as the computed
average.

11. The method of claim 3 further comprising performing
said collecting, computing, comparing and adjusting steps
each time the blower motor speed setting changes.

12. The method of claim 3 wherein said collecting, com-
puting, comparing and adjusting steps are performed continu-
ously to maintain consistent blower motor operation over a
life of the system.

13. The method of claim 3 further comprising performing
said collecting, computing, comparing and adjusting steps for
each motor speed setting each time the air treatment system is
activated.

14. A method for calibrating motor speed for blower motor
in an air treatment system, comprising the steps of:

providing a blower motor capable of operating at a plural-

ity of different motor speed settings;

predetermining an acceptable range of blower motor

speeds for each of the different motor speed settings;
taking a plurality of readings at predetermined intervals
from a sensor indicative of motor speed;

computing a comparison value as a function of the read-

ings, the comparison value being indicative of average
motor speed over a period of time;

comparing the comparison value to the predetermined

acceptable range for the corresponding motor speed set-
ting;

adjusting the actual speed of the motor if the comparison

value falls outside the predetermined acceptable range
by a predetermined amount; and

repeating said collecting, computing, comparing and

adjusting steps until the comparison value falls within
the predetermined acceptable range.

15. The method of claim 14 wherein said taking, comput-
ing, comparing, adjusting and repeating steps are undertaken
each time a motor speed setting change occurs.

16. The method of claim 15 further comprising waiting at
least a predetermined period of time after a motor speed
setting change occurs before undertaking said taking, com-
puting, comparing, adjusting and repeating steps.

17. The method of claim 14 wherein said taking step is
further defined as taking readings from an RPM sensor.

18. A method for calibrating motor speed for blower motor
in an air treatment system, comprising the steps of:

determining average motor speed over a period of time;

comparing the average motor speed to a predetermined
acceptable range; and
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adjusting the actual speed of the motor if the average motor

speed falls outside the predetermined acceptable range.

19. The method of claim 18 wherein said determining,
comparing and adjusting steps are performed at least a pre-
determined amount of time after each operating motor speed
change.

20. The method of claim 18 wherein said adjusting step
includes varying the duty cycle of the power applied to the
blower motor.

21. The method of claim 20 wherein said adjusting step is
further defines as increasing duty cycle by a predetermined
amount if average motor speed is below the predetermined
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acceptable range, and decreasing duty cycle by a predeter-
mined amount if average motor speed is above the predeter-
mined acceptable range.

22. The method of claim 18 further comprising the step of
repeating said determining, comparing and adjusting steps
until the average motor speed is within the predetermined
acceptable range.

23. The method of claim 18 further comprising the step of
repeating said determining, comparing and adjusting steps
continuously.



