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5 SYSTEM AND METHOD FOR IMPROVED PRESSURE ADJUSTMENT

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a system and method for
adjusting the pressure in an inflatable object. More particularly, the
present invention relates to a system and method for adjusting the

10  pressure in an air bed in less time and with greater accuracy.

[0002] Advances made in the quality of air beds having air chambers
as support bases have resulted in vastly increased popularity and sales of
such air beds. These air beds are advantageous in that they have an
electronic control panel which allows a user to select a desired inflation
15  setting for optimal comfort and to change the inflation setting at any time,

thereby providing changes in the firmness of the bed.

[0003] Air bed systems, such as the one described in U.S. Patent No.
5,904,172 which is incorporated herein by reference in its entirety,
generally allow a user to select a desired pressure for each air chamber
20 within the mattress. Upon selecting the desired pressure, a signal is sent
to a pump and valve assembly in order to inflate or deflate the air bladders
as necessary in order to achieve approximately the desired pressure

within the air bladders.

[0004] In one embodiment of an air bed system, there are two
25 separate air hoses coupled to each of the air bladders. A first air hose
extends between the interior of the air bladder and the valve assembly
associated with the pump. This first air hose fluidly couples the pump to
the air bladder, and is structured to allow air to be added or removed from
the air bladder. A second hose extends from the air bladder to a pressure
30 transducer, which continuously monitors the pressure within the air
bladder. Thus, as air is being added or removed from the air bladder, the
pressure transducer coupled to the second hose is able to continuously

check the actual air bladder pressure, which may then be compared to the

-1-
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5 desired air pressure in order to determine when the desired air pressure

within the bladder has been reached.

[0005] In another embodiment of an air bed system, there is only a
single hose coupled to each of the air bladders. In particular, the hose
extends between the interior of the air bladder and the valve assembly
10 associated with the pump, and is structured to allow air to be added or
removed from the air bladder. Instead of having a second hose with a
pressure transducer coupled thereto for continuously reading the pressure
within the air bladder, a pressure transducer is positioned within a
chamber of the valve assembly. Once the user selects the desired air
15  pressure within the air bladder, the pressure transducer first senses a
pressure in the chamber, which it equates to an actual pressure in the air
bladder. Then, air is added or removed from the bladder as necessary
based upon feedback from the sensed pressure. After a first iteration of
sensing the pressure and adding or removing air, the pump turns off and
20  the pressure within the chamber is once again sensed by the pressure
transducer and compared to the desired air pressure. The process of
adding or removing air, turning off the pump, and sensing pressure within
the chamber is repeated for several more iterations until the pressure
sensed within the chamber is within an acceptable range close to the
25 desired pressure. As one skilled in the art will appreciate, numerous
iterations of inflating and deflating the air bladder may be required until the
sensed chamber pressure falls within the acceptable range of the desired

pressure.

[0006] Thus, while this second embodiment of an air bed system may
30 be desired because it minimizes the necessary number of hoses, it is
rather inefficient in that numerous iterations may be required before the
sensed pressure reaches the desired pressure. Furthermore, the pump
must be turned off each time the pressure transducer takes a pressure
measurement, which increases the amount of time that the user must wait

35 until the air bladder reaches the desired pressure.
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5 [0007] Therefore, there is a need for an improved pressure adjustment
system and method for an air bed that is able to minimize the amount of
time and the number of adjustment iterations necessary to achieve a
desired pressure in an air bladder, while also increasing the accuracy of

the actual bladder pressure.
10 BRIEF SUMMARY OF THE INVENTION

[0008] The present invention solves the foregoing problems by
providing a method for adjusting pressure within an air bed comprising
providing an air bed that includes an air chamber and a pump having a
pump housing, selecting a desired pressure setpoint for the air chamber,
15 calculating a pressure target, adjusting pressure within the air chamber
until a pressure within the pump housing is substantially equal to the
pressure target, determining an actual chamber pressure within the air
chamber, and comparing the actual chamber pressure to the desired
pressure setpoint to determine an adjustment factor error. The pressure
20 target may be calculated based upon the desired pressure setpoint and a
pressure adjustment factor. Furthermore, the pressure adjustment factor
may be modified based upon the adjustment factor error determined by

comparing the actual chamber pressure to the desired pressure setpoint.

[0009] The present invention also provides a pressure adjustment
25 system for an air bed comprising an air chamber, a pump in fluid
communication with the air chamber and including a pump manifold and at
least one valve, an input device adapted to receive a desired pressure
setpoint selected by a user, a pressure sensing means adapted to monitor
pressure within the pump manifold, and a control device operably
30 connected to the input device and to the pressure sensing means. The
control device includes control logic that is capable of calculating a
manifold pressure target based upon the desired pressure setpoint and a
pressure adjustment factor, monitoring pressure within the pump manifold,
adjusting pressure within the air chamber until the sensed manifold
35 pressure is within an acceptable pressure target error range of the

manifold pressure target, comparing an actual chamber pressure to the

3.
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5 desired pressure setpoint to quantify an adjustment factor error, and
calculating an updated pressure adjustment factor based upon the

adjustment factor error.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a diagrammatic representation of one embodiment of

10  an air bed system.

[0011] FIG. 2 is a block diagram of the various components of the air
bed system illustrated in FIG. 1.

[0012] FIG. 3 is a circuit diagram model of the air bed system
iflustrated in FIGS. 1 and 2.

15 [0013] FIG. 4 is an exemplary graph illustrating the pressure
relationships derived from the circuit diagram model of FIG. 3.

[0014] FIG. 5 is a flowchart illustrating one embodiment of a pressure

setpoint monitoring method in accordance with the present invention.

[0015] FIG. 6 is a flowchart illustrating one embodiment of an
20 improved pressure adjustment method in accordance with the present

invention.

[0016] FIG. 7 is a flowchart illustrating a second embodiment of an
improved pressure adjustment method in accordance with the present

invention.

25  [0017] FIG. 8 is a block diagram illustrating an air bed system
according to the present invention incorporated into a network system for

remote access.

DETAILED DESCRIPTION OF THE INVENTION

[0018] Referring now to the figures, and first to FIG. 1, there is shown
30 a diagrammatic representation of air bed system 10 of the present

invention. The system 10 includes bed 12, which generally comprises at

-4-
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5 least one air chamber 14 surrounded by a resilient, preferably foam,
border 16 and encapsulated by bed ticking 18.

[0019] As illustrated in FIG. 1, bed 12 is a two chamber design having
a first air chamber 14A and a second air chamber 14B. Chambers 14A
and 14B are in fluid communication with pump 20. Pump 20 is in electrical
10 communication with a manual, hand-held remote control 22 via control box
24. Remote control 22 may be either “wired” or “wireless.” Control box 24
operates pump 20 to cause increases and decreases in the fluid pressure
of chambers 14A and 14B based upon commands input by a user through
remote control 22. Remote control 22 includes display 26, output selecting
15 means 28, pressure increase button 29, and pressure decrease button 30.
Output selecting means 28 allows the user to switch the pump output
between first and second chambers 14A and 14B, thus enabling control of
multiple chambers with a single remote control unit.  Alternatively,
separate remote control units may be provided for each chamber.
20 Pressure increase and decrease buttons 29 and 30 allow a user to
increase or decrease the pressure, respectively, in the chamber selected
with output selecting means 28. As those skilled in the art will appreciate,
adjusting the pressure within the selected chamber causes a

corresponding adjustment to the firmness of the chamber.

25 [0020] FIG. 2 shows a block diagram detailing the data communication
between the various components of system 10. Beginning with control
box 24, it can be seen that control box 24 comprises power supply 34, at
least one microprocessor 36, memory 37, at least one switching means
38, and at least one analog to digital (A/D) converter 40.  Switching

30 means 38 may be, for example, a relay or a solid state switch.

[0021] Pump 20 is preferably in two-way communication with control
box 24. Also in two-way communication with control box 24 is hand-held
remote control 22. Pump 20 includes motor 42, pump manifold 43, relief
valve 44, first control valve 45A, second control valve 45B, and pressure
35 transducer 46, and is fluidly connected with left chamber 14A and right
chamber 14B via first tube 48A and second tube 48B, respectively. First

5.
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5 and second control valves 45A and 45B are controllable by switching
means 38, and are structured to regulate the flow of fluid between pump

20 and first and second chambers 14A and 14B, respectively.

[0022] In operation, power supply 34 receives power, preferably 110
VAC power, from an external source and converts it to the various forms
10 required by the different components. Microprocessor 36 is used to
control various logic sequences of the present invention. Examples of
such sequences are illustrated in FIGS. 5-7, which will be discussed in

detail below.

[0023] The embodiment of system 10 shown in FIG. 2 contemplates
15 two chambers 14A and 14B and a single pump 20. Alternatively, in the
case of a bed with two chambers, it is envisioned that a second pump may
be incorporated into the system such that a separate pump is associated
with each chamber. Separate pumps would allow each chamber to be
inflated or deflated independently and simultaneously. Additionally, a
20 second pressure transducer may also be incorporated into the system
such that a separate pressure transducer is associated with each

chamber.

[0024] In the event that microprocessor 36 sends a decrease pressure
command to one of the chambers, switching means 38 is used to convert
25 the low voltage command signals sent by microprocessor 36 to higher
operating voltages sufficient to operate relief valve 44 of pump 20.
Alternatively, switching means 38 could be located within pump 20.
Opening relief valve 44 allows air to escape from first and second
chambers 14A and 14B through air tubes 48A and 48B. During deflation,
30 pressure transducer 46 sends pressure readings to microprocessor 36 via
A/D converter 40. A/D converter 40 receives analog information from
pressure transducer 46 and converts that information to digital information

useable by microprocessor 36.

[0025] In the event that microprocessor 36 sends an increase pressure
35 command, pump motor 42 may be energized, sending air to the

designated chamber through air tube 48A or 48B via the corresponding
-6-
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5 valve 45A or 45B. While air is being delivered to the designated chamber
in order to increase the firmness of the chamber, pressure transducer 46
senses pressure within pump manifold 43. Again, pressure transducer 46
sends pressure readings to microprocessor 36 via A/D converter 40.
Microprocessor 36 uses the information received from A/D converter 40 to

10 determine the difference between the actual pressure in the chamber 14
and the desired pressure. Microprocessor 36 sends the digital signal to
remote control 22 to update display 26 on the remote control in order to

convey the pressure information to the user.

[0026] Generally speaking, during an inflation or deflation process, the
15 pressure sensed within pump manifold 43 provides an approximation of
the pressure within the chamber. However, when it is necessary to obtain
an accurate approximation of the chamber pressure, other methods must

be used.

[0027] One method of obtaining a pump manifold pressure reading
20 that is substantially equivalent to the actual pressure within a chamber is
to turn off the pump, allow the pressure within the chamber and the pump
manifold to equalize, and then sense the pressure within the pump
manifold with a pressure transducer. Thus, providing a sufficient amount
of time to allow the pressures within the pump manifold 43 and the
25 chamber to equalize may result in pressure readings that are accurate
approximations of the actual pressure within the chamber. One obvious
drawback to this type of method is the need to turn off the pump prior to

obtaining the pump manifold pressure reading.

[0028] A second method of obtaining a pump manifold pressure
30 reading that is substantially equivalent to the actual pressure within a
chamber is through use of the pressure adjustment method in accordance
with the present invention. The pressure adjustment method is described
in detail in FIGS. 5-7. However, in general, the method functions by
approximating the chamber pressure based upon a mathematical
35 relationship between the chamber pressure and the pressure measured

within the pump manifold (during both an inflation cycle and a deflation

-7-
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5 cycle), thereby eliminating the need to turn off the pump in order to obtain
a substantially accurate approximation of the chamber pressure. As a
result, a desired pressure setpoint within a chamber may be achieved
faster, with greater accuracy, and without the need for turning the pump off

to allow the pressures to equalize.

10 [0029] FIG. 3 is a circuit diagram model 50 of the air bed system 10
ilustrated in FIG. 2. As shown in FIG. 3, first and second chambers 14A
and 14B may be modeled by capacitors 51A and 51B, motor 42 of pump
20 may be modeled by current source 52 and resistor 53, relief valve 44
may be modeled by resistor 54, pressure transducer 46 may be modeled

15 by resistor 56 and a voltage sensing lead 57, first and second tubes 48A
and 48B may be modeled by resistors 58A and 58B, and first and second
valves 49A and 49B may be modeled by resistors 569A and 59B.
Additionally, pump manifold 43 may be modeled by another capacitor 60
because it also acts as a chamber, albeit much smaller than first and

20  second chambers 14A and 14B.

[0030] As those skilled in the art will appreciate, by assuming current
source 52 is a constant current source, pressure readings may be
analogized with voltage readings. Thus, in reference to the circuit diagram
50 in FIG. 3, the voltages associated with capacitors 51A and 51B may be
25 used to analyze pressure within first and second chambers 14A and 14B,
respectively. Because the voltage readings are not dependent upon the
capacitance value of capacitors 51A and 51B, the capacitance value may
be discarded for purposes of the present analysis. Translated to pressure
terms, this means that the size of first and second chambers 14A and 14B

30 isirrelevant when measuring the pressure within the chambers.

[0031] Furthermore, weight positioned on a chamber (such as that
caused by the user lying on bed 12) is directly related to the volume of the
chamber and does not affect the ability of the system to measure the
pressure within the chamber. In addition, because the system measures
35 pressure in real time, weight changes do not affect the ability of the control

system to accurately measure chamber pressure.

8-
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5 [0032] The relationship between the voltage on first or second
capacitors 51A or 51B and the voltage sensed at voltage sensing lead 57
is dependent upon whether current is flowing toward the capacitor (i.e., the
chamber is going through an inflation cycle) or away from the capacitor
(i.e., the chamber is going through a deflation cycle). In particular, and as

10 will be discussed in detail with reference to FIG. 4, modeling air bed
system 10 as circuit diagram 50 results in an additive manifold pressure
offset factor during an inflation cycle and a multiplicative manifold pressure

factor during a deflation cycle.

[0033] The relationship between voltage associated with a chamber
15  capacitor (i.e., the “chamber voltage”) and the sensed “manifold” voltage

during an inflation cycle may be stated as follows:
[0034] Chamber Voltage = (Manifold Voltage) — (Inflate Factor) (Eq. 1)

[0035] Restated in terms of pressure, the relationship between the
pressure within a chamber and a sensed manifold pressure during an

20 inflation cycle may be stated as follows:

[0036] Chamber Pressure = (Manifold Pressure) — (Inflate Factor) (Eq.
2)

[0037] In one exemplary embodiment, the inflate offset factor may
generally fall in a range between about 0.0201 and about 0.1601.
25 Because pressure readings may be analogous to voltage readings as
discussed previously, the value of the inflate offset factor will be the same
regardless of whether the relationship between the chamber and the pump

manifold is being stated in terms of pressure or voltage.

[0038] The relationship between voltage associated with a chamber
30  capacitor and the sensed manifold voltage during a deflation cycle may be

stated as follows:

[0039] Chamber Voltage = (Manifold Voltage) x (Deflate Factor) (Eq.
3)
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5 [0040] Restated in terms of pressure, the relationship between the
pressure within a chamber and a sensed manifold pressure during a

deflation cycle may be stated as follows:

[0041] Chamber Pressure = (Manifold Pressure) x (Deflate Factor)
(Eq. 4)

10 [0042] In one exemplary embodiment, the deflate factor may generally
fall in a range between about 1.6 and about 6.5. Once again, because
pressure readings may be analogous to voltage readings as discussed
previously, the value of the deflate factor will be the same regardless of
whether the relationship between the chamber and the pump manifold is

15  being stated in terms of pressure or voltage.

[0043] FIG. 4 is an exemplary graph 70 illustrating the pressure
relationships derived from circuit diagram 50 of FIG. 3 and discussed in
detail above. In particular, the vertical axis on the graph represents
pressure in pounds per square inch (psi), while the horizontal axis on the
20 graph represents time in milliseconds (ms). Thus, the graph illustrates a

measure of chamber pressure over time.

[0044] In particular, a first portion 71 of the graph 70 between about O
ms and about 65000 ms represents the inflation of a chamber from about
0 psi to about 0.6 psi. A second portion 72 of the graph 70 between about
25 65000 ms and about 135000 ms represents the pressure in the chamber
being maintained at about 0.6 psi. Finally, a third portion 73 of the graph
70 between about 135000 ms and about 200000 ms represents deflation

of the chamber from about 0.6 psi to about O psi.

[0045] With further reference to the graph in FIG. 4, the solid line 76
30 represents the actual pressure within the chamber throughout the inflation
and deflation cycles, while broken line 78 represents the sensed pump
manifold pressure throughout the inflation and deflation cycles. As
illustrated in FIG. 4, in the first portion 71 of the graph 70 representing
inflation of the chamber, lines 76 and 78 are generally linear and offset
35 from one another by a substantially constant additive offset factor 80. In

-10-
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5 this exemplary graph, the additive inflate offset factor is about 0.0505.
Thus, the pressure within the chamber may be approximated during an
inflation cycle by subtracting from the sensed manifold pressure an inflate
offset factor of about 0.0505. Lines 76 and 78 generally converge in the
second portion 72 of the graph 70 when the chamber is being neither

10 inflated nor deflated. Finally, in the third portion 73 of the graph 74
representing deflation of the chamber, lines 76 and 78 are both non-linear
and offset from one another by a substantially constant multiplicative factor
82. In this exemplary graph, the multiplicative deflate factor is about 2.25.
Thus, the pressure within the chamber may be approximated during a

15 deflation cycle by multiplying the sensed manifold pressure by a deflate
factor of about 2.25.

[0046] Now that a brief description of an air bed system and the
relationship between chamber and pump manifold pressures have been
provided, one embodiment of an improved pressure adjustment method
20 according to the present invention will be described in detail. For
purposes of discussion only, the pressure adjustment method in
accordance with the present invention will be described in reference to first
chamber 14A. However, those skilled in the art will appreciate that the
pressure adjustment method applies in a similar manner to other

25 chambers, such as second chamber 14B of bed 12.

[0047] In particular, FIG. 5 illustrates a flowchart of a sample control
logic sequence of a pressure setpoint monitoring method 100 according to
the present invention. The sequence begins at step 102 upon the
occurrence of a “power-on” event. A power-on event may be, for example,
30  coupling power supply 34 of control box 24 to an external power source.
The sequence continues at step 104 where microprocessor 36 obtains one
or more default adjustment constants stored in, for example, memory 37.
In one exemplary embodiment, these default adjustments correspond with
the additive inflate factor and the multiplicative deflate factor previously
35 described. Thus, for instance, the default additive inflate factor may be
about 0.0505, while the default multiplicative deflate factor may be about
2.25. Workers skilled in the art will appreciate that these default values
-11-
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S are approximate and were determined for the particular air bed system
modeled in FIGS. 1-3 above with an average sized user, and that these
values may change as modifications are made to the air bed system.
These default adjustment constants will be used by the improved pressure
adjustment method of the present invention until they are later updated

10  after a first pressure adjustment iteration as will be discussed in further

detail to follow.

[0048] The sequence continues at step 106 where microprocessor 36
detects whether a new pressure setpoint has been selected by the user to
either increase or decrease the pressure in first chamber 14A. The new
15  pressure setpoint may be a pressure that is either higher or lower than the
current pressure in first chamber 14A, as desired by the user. As will be
appreciated by those skilled in the art, the range of possible chamber
pressures is not important to the operation of the present invention. Thus,
numerous pressure ranges are contemplated. The new pressure setpoint
20 may be selected by, for example, manipulating pressure increase button
29 or pressure decrease button 30 on manual remote control 22.
Alternatively, the pressure increase and decrease buttons may be

provided on another component of system 10, such as pump 20.

[0049] If microprocessor 36 does not detect that a new pressure
25 setpoint has been selected, the sequence then continues at step 108
where microprocessor 36 determines whether or not there has been an
interfering event, such as a loss in power. If microprocessor 36
determines that a loss in power has occurred, the adjustment factors are
then discarded in step 110 and the sequence loops back to step 102 to
30 monitor for the occurrence of another power-on event. However, if
microprocessor 36 determines that a loss in power has not occurred, the
sequence enters monitoring loop 112 where microprocessor 36 continually
monitors whether a new pressure setpoint is selected in step 106 or

whether a loss in power has occurred in step 108.

35 [0050] Alternatively, if microprocessor 36 detects that a new pressure

setpoint has been selected in step 106, then the sequence continues to

-12-



WO 2009/123641

10

15

20
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35

pressure adjustment method 150 as will be described in detail in reference
to FIG. 6. Thus, the selection of a new pressure setpoint by the user

triggers a pressure adjustment.

[0051] As will be appreciated by those skilled in the art, air bed system
10 may include a back-up power source such that if the power to power
supply 34 is interrupted, the pressure adjustment factors remain stored
within memory 37. As a result, it may be possible to avoid the discarding

step previously described.

[0052] FIG. 6 illustrates a flowchart of a sample control logic sequence
of an exemplary pressure adjustment method 150 according to the present
invention. The sequence begins at step 152 when pressure transducer 46
samples the pressure within pump manifold 43. Because motor 42 of
pump 20 is not running at this point, air is neither flowing into or out of first
chamber 14A. Therefore, the manifold pressure sampled in step 152 is
substantially stable and a fairly accurate approximation of the actual
pressure within first chamber 14A. After the manifold pressure has been
sampled in step 152, the method continues at step 154 where
microprocessor 36 compares the sampled manifold pressure to the
desired pressure previously selected by the user (in step 106) to
determine if an adjustment is required. In one embodiment,
microprocessor 36 calculates the difference between the sampled
manifold pressure and the desired pressure setpoint selected by the user,
and compares the difference to a predetermined, acceptable “error.” The
acceptable error may be any value greater than or equal to zero. If the
absolute value of the difference between the sampled manifold pressure
and the desired pressure setpoint selected by the user is less than or
equal to the acceptable error, then no adjustment is required, and the
pressure adjustment method ends at step 156 where microprocessor 36
determines that the pressure adjustment process is complete. However, if
the difference between the sampled manifold pressure and the desired
pressure setpoint selected by the user is not within the acceptable error
range, then an adjustment is required, and the pressure adjustment
method continues at step 158.
-13-
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5 [0053] In step 158, microprocessor 36 determines if inflation or
deflation of first chamber 14A is required. If it is determined in step 158
that deflation of first chamber 14A is required, the method continues at
step 160 where microprocessor 36 calculates a deflate pressure target,
which corresponds to the sensed manifold pressure that will yield the

10  desired pressure setpoint during a deflation cycle. In particular, the deflate
pressure target may be calculated through use of Equation 4 above.
Based upon the relationship between chamber pressure and manifold
pressure during a deflation cycle recited in Equation 4, the deflate

pressure target may calculate as follows:

15 [0054] Deflate Manifold Pressure Target = (Desired Pressure Setpoint)
/ (Deflate Factor)

[0055] The first time the user selects a new pressure setpoint that
requires deflation of first chamber 14A, the deflate factor will be set to the
default value of 2.25 discussed above in step 104. However, as will be
20 discussed in further detail to follow, this deflate factor will be modified at a
later step in order to more accurately reflect the mathematical relationship
between the chamber pressure and the sensed manifold pressure for that

particular user.

[0056] Once the deflate pressure target is calculated in step 160,
25  microprocessor 36 instructs pump 20 to begin the deflate operation in step
162.

[0057] Alternatively, if it is determined in step 158 that inflation of first
chamber 14A is required, the method continues at step 164 where
microprocessor 36 calculates an inflate pressure target. The inflate
30 pressure target corresponds to the sensed manifold pressure that will yield
the desired pressure setpoint during an inflation cycle. In particular, the
inflate pressure target may be calculated through use of Equation 2 above.
Based upon the relationship between chamber pressure and manifold
pressure during an inflation cycle recited in Equation 2, the inflate pressure

35 target may calculate as follows:

-14-
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5 [0058] Inflate Manifold Pressure Target = (Desired Pressure Setpoint)
+ (Inflate Offset Factor)

[0059] The first time the user selects a new pressure setpoint that
requires inflation of first chamber 14A, the inflate factor will be set to the
default value of 0.0505 discussed above in step 104. However, as will be
10  discussed in further detail to follow, this inflate factor will be modified at a
later step in order to more accurately reflect the mathematical relationship
between the chamber pressure and the sensed manifold pressure for that

particular user.

[0060] Once the inflate pressure target is calculated in step 164,
15 microprocessor 36 instructs pump 20 to begin the inflate operation in step
166.

[0061] After performing the pressure deflate operation in step 162 or
the pressure inflate operation in step 166 as required, the manifold
pressure within pump manifold 43 is once again sampled in step 168.
20 Because either motor 42 of pump 20 has been running in order to inflate
first chamber 14A, or relief valve 44 has been open in order to deflate first
chamber 14A, the manifold pressure sampled in step 168 is now instable
and by itself does not provide an accurate representation of the actual
pressure within first chamber 14A. However, because of the known
25  relationship between manifold pressure and chamber pressure discussed
previously, the present invention is able to accurately approximate the
actual chamber pressure based upon a sensed manifold pressure.
Therefore, after the manifold pressure has once again been sampled, the
method continues at step 170 where microprocessor 36 compares the
30 sampled manifold pressure to the manifold pressure target calculated in
either step 160 or step 164 to determine if the manifold pressure target

has been achieved.

[0062] Similar to the process utilized in step 154, microprocessor 36
calculates the difference between the sampled manifold pressure and the
35 manifold pressure target and compares the difference to a predetermined,

pressure target error. The pressure target error may be any value greater
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5 than or equal to zero. If the absolute value of the difference between the
sampled manifold pressure and the manifold pressure target is greater
than the acceptable pressure target error, then further inflation or deflation
is required. As a result, pressure adjustment method 150 returns along
path 172 to either deflate operation 162 or inflate operation 166,

10 depending upon whether the manifold pressure sampled in step 168 was
less than or greater than the manifold pressure target. On the other hand,
if the difference between the sampled manifold pressure and the manifold
pressure target is within the pressure target error limit, then no further
inflation or deflation is necessary, and the pressure adjustment method

15 continues at step 174 where the inflate or deflate operation is ended.

[Q063] Next, pressure transducer 46 once again samples the pressure
within pump manifold 43 at step 176. Because all inflate or deflate
operations have ceased, air is neither flowing into nor out of first chamber
14A, and the manifold pressure sampled in step 176 is substantially stable
20 and a fairly accurate approximation of the actual pressure within first
chamber 14A. After the manifold pressure has been sampled again in
step 176, the sequence continues at step 178 where microprocessor 36
compares the “actual” manifold pressure sampled in step 176 with the
‘expected” user setpoint pressure previously selected by the user (in step
25 106) to determine if the desired setpoint pressure has been achieved. If
the actual manifold pressure sampled in step 176 is not substantially equal
to the expected setpoint pressure selected by the user, then an adjustment
must be made to the pressure adjustment factor. An updated adjustment
factor is therefore determined based upon a comparison between the
30 sensed pressure and the desired setpoint pressure, and the pressure

adjustment factor is thereafter modified in step 180.

[0064] With regard to the deflate pressure adjustment factor, an

updated factor may be calculated in the following manner:

[0065] Updated Deflate Adjustment Factor = (Pressure Selpoint from
35  Step 106) / (Manifold Pressure from Step 168)

-16-
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5 [0066] With regard to the inflate pressure adjustment factor, an

updated factor may be calculated in the following manner:

[0067] Updated Inflate Adjustment Factor = (Manifold Pressure from
Step 168) — (Pressure Setpoint from Step 106)

[0068] Next, the method loops back to step 152 where pressure
10  transducer 46 samples the pressure within pump manifold 43. Once the
manifold pressure has again been sampled in step 152 after a first
“iteration” of adjustments, the method continues at step 154 where
microprocessor 36 compares the sampled manifold pressure to the
desired pressure selected by the user (in step 106) to determine if a
15 further adjustment is required. For instance, if the pressure adjustment
factor had to be modified in step 180 of the previous pressure adjustment
iteration, then a further adjustment will most likely be required because the
fact that the pressure adjustment factor had to be modified indicates that
the actual pressure in chamber 14A is not equal to the desired pressure
20 setpoint selected by the user. In this case, at least one more pressure
adjustment iteration will be required before the actual chamber pressure is
substantially equal to the desired pressure setpoint. However, if it is
determined in step 154 that the absolute value of the difference between
the sampled manifold pressure and the desired pressure setpoint is less
25 than or equal to the acceptable error, then no adjustment is required, and
the pressure adjustment method ends at step 156 where microprocessor

36 determines that the pressure adjustment process is complete.

[0069] After completing the pressure adjustment method 180,
microprocessor 36 return back to pressure setpoint monitoring method 100
30 illustrated in FIG. 5 and replaces the default deflate or inflate pressure
adjustment factor in step 114 with a “customized” pressure adjustment
factor specifically tailored to that user. The customized pressure
adjustment factor may then be stored in memory 37 for future use in

pressure adjustments.

35  [0070] As those skilled in the art will appreciate, the default pressure

adjustment factors corresponding to both the deflate and inflate operations
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5 must be replaced after the detection of a power-on event because these
default factors are only temporary and based upon the size of an average
user. Therefore, when microprocessor 36 detects an increase in the
desired pressure setpoint for the first time at step 106, then execution of
pressure adjustment method 150 will result in a customized inflate

10 pressure adjustment constant being determined that replaces the
temporary default constant. Similarly, when microprocessor 36 detects a
decrease in the desired pressure setpoint for the first time at step 106,
then execution of pressure adjustment method 150 will result in a
customized default pressure adjustment constant being determined that

15 replaces the temporary default constant. Furthermore, when
microprocessor 36 detects subsequent increases or decreases in the
desired pressure setpoint after the default constants have been replaced,
the customized default constants may continue to be updated and
replaced in step 114 to maintain the highest degree of accuracy when

20  performing pressure adjustments and to take into account changes in the
user such as, for example, an increase or decrease in the weight of the
user. Thus, while it is not necessary to “update” the customized
adjustment constants after initially replacing the temporary default
adjustment constants after a power-on event, performing such updates

25 may increase the accuracy of future pressure adjustments.

[0071] FIG. 7 illustrates a flowchart of a sample control logic sequence
of a second pressure adjustment method 150A according of the present
invention. Pressure adjustment method 150A is similar to pressure
adjustment method 150 previously described, but includes several

30 additional steps to further optimize operation of the pressure adjustment
method.

[0072] In addition to the steps previously described above in reference
to FIG. 8, pressure adjustment method 150A further includes steps 151,
182, and 173. In particular, steps 151 and 182 involve maintaining a count
35 of the number of pressure adjustment attempts remaining during a
pressure adjustment operation, while step 173 involves tracking elapsed
time during an inflation or deflation cycle.
-18-
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5 [0073] With regard to steps 151 and 182, the number of pressure
adjustment “attempts” may be tracked to limit the number of pressure
adjustment iterations that pressure adjustment method 150A may perform
after a new pressure setpoint has been selected. In particular, prior to
sensing manifold pressure in step 152, microprocessor 36 determines if

10 the number of remaining attempts is greater than zero. If the number of
attempts remaining is greater than zero, then the method continues at step
154 where microprocessor 36 determines if a pressure adjustment is
required. However, if the number of attempts remaining is not greater than
zero, then the method instead continues at step 156 where the pressure

15 adjustment is presumed to be complete. Thus, pressure adjustment
method 150A may allow for a predetermined number of iterations before
the pressure adjustment method “times out” In one exemplary
embodiment, the default number of attempts may be set to four. However,
any number of attempts are possible and within the intended scope of the

20  present invention.

[0074] If the pressure adjustment factor (either inflate or deflate) is
modified in step 180, then the number of remaining attempts is
decremented by one attempt in step 182. Therefore, if the desired
pressure setpoint is not reached within four attempts, no further pressure
25 adjustment is attempted and the pressure adjustment factor corresponding
to the final iteration will be used to update the temporary default

adjustment constant as previously discussed.

[0075] With regard to step 173, the amount of time elapsed during a
pressure adjustment operation may also be also be tracked. As discussed
30 above, if it is determined in step 170 that the pressure target has not been
achieved, pressure adjustment method 150A returns along path 172 to
either deflate operation 162 or inflate operation 166, depending upon
whether the manifold pressure sampled in step 168 was less than or
greater than the manifold pressure target. However, prior to reaching
35 either deflate operation step 162 or inflate operation step 166, the method
first enters step 173 where microprocessor 36 monitors the time that has
elapsed since the initial determination was made in step 170 regarding
-19-
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5 whether or not the manifold pressure target has been achieved. Thus, if
the amount of elapsed time is less than a maximum, predetermined time
period, the sequence continues within loop 172 to inflate or deflate first
chamber 14A as necessary in an attempt to achieve the manifold pressure
target. However, if the desired pressure target has not been reached

10  when microprocessor 36 determines that the maximum time period has
expired, then the method exits loop 172 and advances directly to step 156,

where no further adjustment will be attempted.

[0076] The maximum, predetermined time period may be any value
greater than zero. However, in one exemplary embodiment of pressure

15 adjustment method 150A, the maximum time period may be about 30
minutes. Generally speaking, the maximum time period may be selected
such that the manifold pressure target is not achieved prior to the
expiration of the maximum time period only if air bed system 10 is not
functioning properly. For example, if first tube 48A becomes disconnected

20 from first chamber 14A, it will most likely not be possible to attain the
manifold pressure target in step 170. Under these circumstances, and
without the addition of the time tracking step 173, pump 20 may continue
to run until the user disconnects power from the pump or notices that first
tube 48A has been disconnected from first chamber 14A.

25  [0077] Workers skilled in the art will appreciate that although the
features added in steps 151, 173, and 182 are not necessary components
of the present invention, their presence helps to optimize the operation of
the pressure adjustment method by preventing the method from being
trapped in a “continuous loop” of attempting to reach the desired pressure

30 setpoint. Furthermore, it will be obvious to those skilled in the art that the
order and number of steps described in reference to FIGS. 5-7 may be
modified without departing from the intended scope of the present

invention.

[0078] Referring now to FIG. 8, in yet another alternate embodiment in
35 accordance with the present invention, microprocessor 36 may be

integrated within network 200 for remote accessing and use of a pressure

-20-
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5 adjustment method according to the present invention for improving the
accuracy and minimizing the time of pressure adjustments. This allows for
centralized data storage and archival of air bed system information (such
as customized pressure adjustment factors) by, for example, the customer
service department of the air bed system manufacturer. Additionally,

10 networking may provide for information input and retrieval, as well as

remote access of control box 24 to operate the air bed system.

[0079] Network 200 may be integrated either locally or accessible via a
public network protocol such as the Internet 202 and optionally through an
Internet service provider 204. Connection to network 200 may be wired or
15 wireless, and may incorporate control from a detached device (e.g.,
handheld, laptop, tablet, or other mobile device). In addition,
microprocessor 36 may be accessible remotely by a third party user 206

via Internet 202 and/or Internet service provider 204.

[0080] Network 200 may be configured to enable remote pressure
20  adjustment of an air bed system by a third party user 206, such as by a
customer service representative at a remote location. In particular, the
customer service representative may be able to remotely connect to
Internet 202 and assist the user in performing a pressure adjustment set-
up, such as pressure adjustment method 150 previously described, in
25 order to optimize the accuracy and operation of the pressure adjustment
method. Network 200 may also be configured to allow the customer
service representative to access and store the customized pressure
adjustment factors in, for example, a central storage system in case of a
power loss or similar event. Numerous other advantages of network 200

30  will be appreciated by those having ordinary skill in the art.

[0081] Although the present invention has been described with
reference to preferred embodiments, workers skilled in the art will
recognize that changes may be made in form and detail without departing

from the spirit and scope of the invention.
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5  We Claim:
1. A method for adjusting pressure within an air bed comprising:

providing an air bed, the air bed including an air chamber and a

pump having a pump housing;
selecting a desired pressure setpoint for the air chamber,

10 calculating a pressure target, wherein the pressure target is
calculated based upon the desired pressure setpoint and a

pressure adjustment factor;

adjusting pressure within the air chamber until a pressure within the

pump housing is substantially equal to the pressure target;
15 determining an actual chamber pressure within the air chamber;

comparing the actual chamber pressure to the desired pressure

setpoint to determine an adjustment factor error; and

modifying the pressure adjustment factor based upon the
adjustment factor error.

20 2. The method of claim 1, wherein the step of adjusting pressure
within the air chamber further comprises simultaneously sensing pressure
within the pump housing.

3. The method of claim 1, wherein pressure is sensed with a pressure
transducer.
25 4. The method of claim 1, wherein the pressure target is a deflate

pressure target.

5. The method of claim 4, wherein the pressure adjustment factor is a

multiplicative pressure adjustment factor.
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5 6. The method of claim 5, wherein the deflate pressure target is
calculated by dividing the desired pressure setpoint by the multiplicative

pressure adjustment factor.

7. The method of claim 1, wherein the pressure target is an inflate

pressure target.

10 8. The method of claim 7, wherein the pressure adjustment factor is

an additive pressure adjustment factor.

9. The method of claim 7, wherein the inflate pressure target is
calculated by determining the sum of the desired pressure setpoint and the

additive pressure adjustment factor.
15 10. A method for adjusting pressure within an air bed comprising:

providing an air bed having an air chamber, a pump, a pump
manifold, and a tube extending between the chamber and

the pump;
selecting a desired pressure setpoint for the air chamber;

20 calculating a manifold pressure target, wherein the manifold
pressure target is calculated based upon the desired

pressure setpoint and a pressure adjustment factor;
sensing pressure within the pump manifold,;

adjusting pressure within the air chamber until the sensed manifold
25 pressure is within an acceptable pressure target error range

of the manifold pressure target;
determining an actual chamber pressure within the air chamber;

comparing the actual chamber pressure to the desired pressure

setpoint to determine an adjustment factor error;

30 modifying the pressure adjustment factor based upon the

adjustment factor error; and

-23-



WO 2009/123641 PCT/US2008/059409

5 storing the modified pressure adjustment factor in memory.

11. The method of claim 10, wherein pressure is sensed with a

pressure transducer.

12. The method of claim 10, wherein the pressure target is a deflate

pressure target.

10 13. The method of claim 12, wherein the deflate pressure target is
calculated by dividing the desired pressure setpoint by a deflate pressure

adjustment factor.

14.  The method of claim 10, wherein the pressure target is an inflate

pressure target.

15 15. The method of claim 14, wherein the inflate pressure target is
calculated by determining the sum of the desired pressure setpoint and an

inflate pressure adjustment factor.
16. A method for adjusting pressure within an air bed comprising:

(a) providing an air bed, the air bed including an air chamber and a

20 pump having a pump housing;
(b) selecting a desired pressure setpoint for the air chamber;

(c) calculating a pressure target, wherein the pressure target is
calculated based upon the desired pressure setpoint and a

pressure adjustment factor,

25 (d) adjusting pressure within the air chamber until a pressure within
the pump housing is substantially equal to the pressure
target;

(e) determining an actual chamber pressure within the air chamber;
(H comparing the actual chamber pressure to the desired pressure

30 setpoint to determine an adjustment factor error;
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5 (g) calculating an updated pressure adjustment factor based upon

the adjustment factor error; and

(h) repeating steps (b)-(g) with the updated pressure adjustment

factor.
17. A pressure adjustment system for an air bed comprising:
10 an air chamber;

a pump in fluid communication with the air chamber, the pump

including a pump manifold and at least one valve;

an input device adapted to receive a desired pressure setpoint

selected by a user,

15 a pressure sensing means adapted to monitor pressure within the

pump manifold; and

a control device operably connected to the input device and to the
pressure sensing means, the control device having control
logic that is capable of calculating a manifold pressure target

20 based upon the desired pressure setpoint and a pressure
adjustment factor, monitoring pressure within the pump
manifold, adjusting pressure within the air chamber until the
sensed manifold pressure is within an acceptable pressure
target error range of the manifold pressure target, comparing

25 an actual chamber pressure to the desired pressure setpoint
to quantify an adjustment factor error, and calculating an
updated pressure adjustment factor based upon the

adjustment factor error.

18.  The pressure adjustment system of claim 17, wherein the pressure

30 sensing means is a pressure transducer.

19.  The pressure adjustment system of claim 17, wherein the input

device is a remote control having pressure selecting means.
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5 20. The pressure adjustment system of claim 19, wherein the remote

control is a wireless remote control.
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