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MOTOR CONTROL SYSTEMS, FOLDABLE PARTITIONS EMPLOYING
MOTOR CONTROL SYSTEMS, METHODS OF MONITORING THE
OPERATION OF ELECTRIC MOTORS AND FOLDABLE PARTITIONS
PRIORITY CLAIM
This application claims the benefit of the filing date of United States Patent
Application Serial No. 12/501,255, filed July 10, 2009, for “MOTOR CONTROL
SYSTEMS, FOLDABLE PARTITIONS EMPLOYING MOTOR CONTROL
SYSTEMS, METHODS OF MONITORING THE OPERATION OF ELECTRIC
MOTORS AND FOLDABLE PARTITIONS.”

TECHNICAL FIELD
Embodiments of the present disclosure relate generally to motor control
systems. In particular, various embodiments of the present disclosure relate to motor
control systems for detecting current requirements of an electrical load and to foldable

partitions employing such motor control systems.

BACKGROUND

Control circuits and systems for controlling an electrical load, such as an
electric motor, and a movable device driven thereby are numerous and varied in their
operation. Some such systems may control the operation of the electric motor and/or
the movable device, others may provide over current protection for deactivating the
motor based on excess current to the electric motor, while others may provide various
combinations of features.

One example of such a motor and movable device employing control circuits
includes conventional automatic doors. Such doors are implemented in various
configurations such as, for example, sliding doors, rotating panel doors, folding doors,
and revolving doors. Automatic doors are often relied on for security and fire safety
purposes. These automatic door systems often include various sensors and switches to
assist in the control of the doors. For example, a conventional automatic door, when
used as a fire door, may include a switch or actuator in a lead post for detecting an
obstruction of the door while the door is closing, which may indicate a person trying to
pass by the door when it is closing. Actuation of this switch typically temporarily stops

the door from closing and allows access through the barrier formed by the door(s) for a
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predetermined amount of time. Unfortunately, positioning this switch in the lead post
makes it difficult or impossible to functionally include other features in the lead post

area.

DISCLOSURE

Various embodiments of the present disclosure comprise control systems, doors
and related methods for controlling an electrical load, such as a motor, to detect
anomalous operational activities. Such anomalous activities may include detecting an
obstruction to the electrical load.

One or more embodiment of the disclosure includes motor control systems. In
one or more embodiments, the motor control system may comprise a motor control
circuit operably coupled to an electrical load. A processing circuit may be operably
coupled to the motor control circuit and to a current sensor. The current sensor may be
configured to sense a current delivered to the motor control circuit and to convey a
signal to the processing circuitry proportional to the amount of current sensed. The
processing circuitry may be configured to sample the signal to obtain a plurality of
current values, to store the plurality of current values and to generate an operation
profile from the plurality of current values.

Other embodiments comprise methods of monitoring the operation of an
electric motor. One or more embodiments of such methods may comprise generating
an operation profile comprising a plurality of current values corresponding to at least
one of a time of operation and position of a movable device. A threshold profile may
be generated from the operation profile, and at least one subsequent current value may
be compared to the threshold profile. The at least one subsequent current value may
correspond to at least one of the time of operation and the position of the movable
device to the threshold profile.

In yet additional embodiments, the present disclosure includes folding
partitions. In various embodiments, a folding partition may comprise a plurality of
panels. Each panel of the plurality of panels may be hingedly coupled with an adjacent
panel of the plurality. A lead post may be attached to at least one panel of the plurality
of panels. A drive may comprise a transmission member coupled to the trolley and a
motor configured to drive the transmission member. A motor control circuit may be

operably coupled to the motor and a processing circuit may be operably coupled to the
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motor control circuit. A current sensor may be operably coupled to the processing
circuitry and configured to sense a current delivered to the motor control circuit from a
power source. The current sensor may convey a signal to the processing circuitry
proportional to the amount of current sensed and the processing circuitry may be
configured to sample the signal to obtain a plurality of current values and to generate
an operation profile from the plurality of current values.

Still other embodiments comprise methods of monitoring for an obstruction of
a folding partition. One or more embodiments of such methods may comprise
obtaining a plurality of current values. Each current value may correspond to one of a
plurality of positions of a folding partition. A threshold profile may be generated from
the plurality of current values. At least one subsequent current value corresponding to
a position of the folding partition may be obtained and the at least one subsequent
current value may be compared to the threshold profile to determine if the at least one

subsequent current value is greater than the threshold profile.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a motor control system in accordance
with at least one embodiment of the present disclosure.

FIG. 2A illustrates an operation profile of the sampled current values of a load
through one full operational cycle according to at least one embodiment.

FIG. 2B illustrates the operation profile of FIG. 2A with the corresponding
threshold profile.

FIG. 2C illustrates an operation profile of a subsequent operational cycle in
relation to the threshold profile of FIG. 2B.

FIG. 3 illustrates a movable device comprising a foldable partition according to
at least one embodiment comprising a motor control system of the present disclosure.

FIG. 4 is a flow chart of at least one embodiment of such a method of

monitoring for an obstruction of a foldable partition.

MODE(S) FOR CARRYING OUT THE INVENTION
The illustrations presented herein are, in some instances, not actual views of

any particular foldable partition or motor control system, but are merely idealized
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representations which are employed to describe the present invention. Additionally,
elements common between figures may retain the same numerical designation.

In the following detailed description, circuits and functions may be shown in
block diagram form in order not to obscure the present invention in unnecessary detail.
Additionally, block definitions and partitioning of logic between various blocks as
depicted is non-limiting, and comprise examples of only specific embodiments. It will
be readily apparent to one of ordinary skill in the art that the present invention may be
practiced in a variety of embodiments implementing numerous other partitioning
solutions.

Also, it is noted that the embodiments may be described in terms of a process
that is depicted as a flowchart, a flow diagram, a structure diagram, or a block diagram.
Although a flowchart may describe operational acts as a sequential process, many of
these acts can be performed in another sequence, in parallel, or substantially
concurrently. In addition, the order of the acts may be re-arranged. A process is
terminated when its acts are completed. A process may correspond to a method, a
function, a procedure, a subroutine, a subprogram, etc. Furthermore, the methods
disclosed herein may be implemented in hardware, software, or both.

In the following description, certain terminology is used to describe certain
features of one or more embodiments of the invention. For instance, the term “bus”
refers to a plurality of signals or conductors, which may be used to transfer one or more
various types of information, such as data, addresses, control, or status. Additionally, a
bus or a collection of signals may be referred to in the singular as a signal. Some
drawings may illustrate signals as a single signal for clarity of presentation and
description. It will be understood by a person of ordinary skill in the art that the signal
may represent a bus of signals, wherein the bus may have a variety of bit widths and
the present invention may be implemented on any number of data signals including a
single data signal

Various embodiments of the present invention comprise motor control systems
for controlling one or more motors in association with a variety of applications. FIG. 1
illustrates a motor control system 100 in accordance with at least one embodiment of
the present disclosure. The motor control system 100 may be configured to monitor an

operational cycle of a load and dynamically adjust a threshold current value of the
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motor control system 100 in accordance with the operational cycle of the load.
Moreover, control system 100 may be configured to stop the operation of the load in
the event a current supplied to the load exceeds the threshold current value. The
control system 100 may comprise a current sensor 110 operably coupled to a motor
control circuit 120, both of which are operably coupled to processing circuitry 130, and
storage media 140 accessible by the processing circuitry 130.

The current sensor 110 is coupled to a power source 150 configured to provide
power to the motor control circuit 120. The current sensor 110 may comprise any
current sensor suitable for generating an analog or digital signal, wherein the signal is
proportional to the amount of current flowing through current sensor 110. A current
sensor 110 that is configured to generate an analog signal may be coupled to an
analog-to-digital convertor to sample the input and convert it to a digital value suitable
for use by the processing circuitry 130. The analog-to-digital convertor may comprise
a stand-alone analog-to-digital converter coupled between the current sensor 110 and
the processing circuitry 130 or an analog-to-digital converter included in the processing
circuitry 130. A current sensor that is configured to generate a digital signal may
directly interface to the processing circuitry 130 to present a digital value suitable for
use by the processing circuitry 130. By way of example only, and not by way of
limitation, the current sensor 110 may comprise a conventional Hall Effect current
sensor, as will be understood by a person having ordinary skill in the art.

The processing circuitry 130 is arranged to obtain, process data, send data,
control data access and storage, issue commands, and control other desired operations.
Processing circuitry 130 may comprise circuitry configured to implement desired
programming provided by appropriate media in at least one embodiment. For example,
the processing circuitry 130 may be implemented as one or more of a processor, a
controller, a plurality of processors and/or other structure configured to execute
executable instructions including, for example, software and/or firmware instructions,
and/or hardware circuitry. Embodiments of processing circuitry 130 may include a
general purpose processor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic component, discrete gate or transistor logic, discrete hardware

components, or any combination thereof désigned to perform the functions described



WO 2011/005678 PCT/US2010/040888

10

15

20

25

30

-6-

herein. A general purpose processor may be a microprocessor but, in the alternative,
the processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
components, €.g., a combination of a DSP and a microprocessor, a number of
microprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration. These examples of processing circuitry 130 are for
illustration and other suitable configurations within the scope of the invention are also
contemplated.

The methods or algorithms described in connection with the examples
disclosed herein may be embodied directly in hardware, in firmware, in a software
module executable by the processing circuitry 130, or in a combination thereof, in the
form of processing unit, programming instructions, or other directions, and may be
contained in a single device or distributed across multiple devices. The storage
media 140 is configured to store programming such as executable code or instructions
(e.g., software and/or firmware), electronic data, databases, or other digital information
and may include processor-usable media. A storage medium may be any available
media that can be accessed by a general purpose or special purpose computer. By way
of example and not limitation, a storage medium may comprise one or more devices
for storing data, including read-only memory (ROM), random access memory (RAM),
magnetic disk storage mediums, optical storage mediums, flash memory devices,
and/or other computer-readable mediums for storing information. For example, a
software module may reside in RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or
any other form of storage medium 140 known in the art. The storage media 140 may
be coupled to the processing circuitry 130 such that the processing circuitry 130 can
read information from, and write information to, the storage media 140. In the
alternative, the storage media 140 may be integral to the processing circuitry
comprising a conventional processor.

Processor-usable media may be embodied in any computer program product(s)
or article of manufacture(s) which can contain, store, or maintain programming, data
and/or digital information for use by or in connection with an instruction execution

system including the processing circuitry 130. For example, suitable processor-usable
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media may include any one of physical media such as electronic, magnetic, optical,
electromagnetic, infrared or semiconductor media. Some more specific examples of
processor-usable media include, but are not limited to, a portable magnetic computer
diskette, such as a floppy diskette, zip disk, hard drive, random access memory, read
only memory, flash memory, cache memory, and/or other configurations capable of
storing programming, data, or other digital information.

The motor control circuit 120 is operably coupled to a load 160, which in turn
may be coupled to a movable device 170. For explanation purposes only, load 160 will
be referred to herein as a motor 160. Motor 160 may be operably coupled to an output
of the motor control circuit 120. By way of example and not limitation, the motor 160
may comprise a reversible DC motor. The motor control circuit 120 may comprise
conventional circuitry configured to control a rotational direction of the motor 160 in
accordance with one or more received control signals. In one or more embodiments,
the motor control circuit 120 may comprise a motor control arrangement in an
H-bridge configuration to control the rotational direction of a motor, such as either of
the arrangements described in U.S. Patent No. 7,190,132 and U.S. Patent Application
Serial No. 12/256,687.

The motor control system 100 may also include a main controller 180 operably
coupled to the processing circuitry 130 via a bus 190. The main controller 180 may be
any suitable controller and may be configured to, for example only, monitor the state of
motor 160 or the movable device 170 driven by motor 160, monitor other aspects
related to the control of the movable device 170, and thereby operate the movable
device 170 under a defined set of parameters or rules. As illustrated, the main
controller 180 may be communicatively coupled to the motor 160 and the movable
device 170. The main controller 180 may be further configured to transmit and receive
one or more status signals via bus 190 to the processing circuitry 130 related to an
operational state or status of the motor 160, the movable device 170, or a combination
thereof. For example only, a status signal related to an operational state of the movable
device 170 may comprise an “alarm” or “fault” status signal, a “service” status signal,
or a “moving” status signal. Furthermore, for example only, a status signal related to
an operational state of the motor 160 may comprise a “start up” status signal, a “steady

state” status signal, or an “off” status signal.
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In operation, a signal may be communicated to the motor control circuit 120
causing the motor control circuit 120 to energize the motor and provide a current from
the power source 150 to the motor 160. The provided current is sensed with the current
sensor 110 and a signal proportional to the amount of current sensed with the current
sensor 110 is communicated to the processing circuitry 130. The processing
circuitry 130 is configured to sample the signal at discrete positions (e.g, positions of
the motor or positions of the movable device) or times to obtain a plurality of current
values. The processing circuitry 130 is configured to analyze the current values
obtained, as well as to compare the values to any previously acquired values and/or to
store the values as needed, as will be discussed in further detail hereafter.

In many applications, a load may require varying amounts of current during an
operational cycle of the load. In other words, the current provided to the load may vary
over the course of a single operational cycle. For example, the motor 160 may require
a higher current during a “start up” mode than what is required during a “steady state”
mode. Furthermore, the motor 160, the movable device 170 or both may encounter
several irregularities or other anomalies during an operational cycle causing the current
requirements to fluctuate even during the “steady state” mode. In some applications,
certain fluctuations in the current requirements may signify a problem of some sort.
For example, when a movable device 170 is stopped or substantially restrained from
motion during an operational cycle, the motor 160 may require a substantially higher
current as compared to a normal operation of the movable device 170. However,
certain fluctuations may also be considered part of a normal operational cycle.

Various embodiments of the current disclosure relate to methods of monitoring
an electrical load, such as motor 160. First, an operation profile of the required current
values over the course of a single operational cycle of the motor 160 may be generated.
The operation profile may be employed to generate a threshold profile. Finally, one or
more subsequent required current values may be compared to the threshold profile to
determine whether any errors or anomalies exist.

At least some embodiments of the motor control system of the present
disclosure may be employed to perform embodiments of the methods of monitoring an
electric load. The motor control system of the present disclosure is configured to

monitor the current requirements of a normal operational cycle of a load and to identify
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normal fluctuations as well as deviations from the normal operational cycle that may
occur in subsequent operational cycles. The processing circuitry 130 is configured to
generate and store an operation profile of the required current values over the course of
a single operational cycle. The operation profile may comprise a plurality of current
values for an operational cycle corresponding to a time of operation, a position, or both,
of the movable device 170, the motor 160, or a combination thereof. By way of
example and not limitation, current values may be obtained by sampling the signal
from the current sensor 110 every 5 milliseconds of operation through a full
operational cycle, or 1000 times over the distance of displacement of the movable
device through a full operational cycle (e.g., every 0.12 inches (about 3.05 mm) for a
distance of displacement of 10 feet (about 3.05 m), or some combination thereof. Each
current value may further be stored by the processing circuitry 130.

FIG. 2A illustrates an operation profile 210 of the sampled current values for a
motor 160 through one full operational cycle according to at least one embodiment. As
shown, the current requirements may be greater during a “start up” mode as indicated
on the right-most portion of the graph and may decrease as the motor 160 continues
into a “steady state” mode in which the operation is continuous. As also illustrated in
FIG. 2A, the current values through the “steady state” mode may fluctuate, as indicated
by the portion of the graph left of the “start up” through the end of the operational cycle
at the left-most side of the graph.

With a full operational cycle completed and the current values obtained and
stored, the processing circuitry 130 is configured to generate a threshold profile. The
threshold profile comprises a profile of current values which may be employed by the
motor control system 100 to determine if current values obtained during a subsequent
operational cycle indicate a problem. The threshold profile may be generated using the
stored current values comprising the operation profile, and by offsetting the operation
profile by a selected threshold offset. In addition to offsetting the operation profile by
the threshold offset, the operation profile curve may be smoothed out by averaging
discrete groups of consecutive values to generate the threshold profile. FIG. 2B
illustrates the operation profile 210 of FIG. 2A with the corresponding threshold
profile 220 generated therefrom. By way of example and not limitation, an operation

profile may be offset by a selected number, such as 35 units, and may be averaged
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using a rolling average of groups of 8 consecutive current values to smooth out the
curve. In addition, the threshold offset may be a value that varies with time, position,
or a combination thereof. As a non-limiting example, the threshold offset may be
greater in areas of peak current in the operational profile and lesser in areas of
substantially constant current in the operation profile.

Over time, many motors 160 and movable devices 170 change due to aging of
materials and components. Therefore, at least some embodiments of the motor control
system 100 of the present disclosure are configured to update the threshold profile 220.
In at least some embodiments, the processing circuitry 130 is configured to utilize
current values obtained during each subsequent operational cycle to update and refine
the threshold profile 220. For example, after a first fully completed operational cycle,
the threshold profile 220 may be generated. Upon each subsequent operational cycle
that is fully completed, a subsequent threshold profile may be generated and the
subsequent threshold profile may be combined with the previous threshold profile to
generate an updated threshold profile. The subsequent threshold profile and the
previous threshold profile may be combined by averaging the two threshold profiles
together in at least some embodiments. In such a manner, the threshold profile
comprises a dynamic threshold profile since the threshold profile is dynamically
updated to adapt to changing materials or other conditions. Generally, a threshold
profile as well as a subsequent threshold profile will not be generated if an operational
cycle is not fully completed or an anomalous event occurs during the operational cycle.
In other words, if the motor 160 and/or the movable device 170 are stopped or inhibited
from completing a full operational cycle, the data obtained during the partial cycle may
not be employed for generating a threshold profile.

With the threshold profile 220, current values from subsequent operational
cycles may be compared to the threshold profile 220 to identify a substantial variance
in the normal operational cycle. FIG. 2C illustrates an operation profile 230 of a
subsequent operational cycle in relation to the threshold profile 220. As shown, during
the subsequent operational cycle, the current values remain below the threshold
profile 220 at the beginning of the operational cycle toward the right side of the profile,
indicating normal operation. About midway through the operational cycle, the current

spikes to a level above the threshold profile 220. The processing circuitry 130 is
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configured to compare the current values required for the motor 160 during the
subsequent operational cycle in at least substantially real time. The processing
circuitry 130 may stop operation of the motor 160, typically by means of the motor
control circuit 120, upon an indication of a substantial variance from normal operating
current values, since such a variance may indicate a problem with the motor 160 or the
movable device 170. As illustrated in FIG. 2C, the current values drop to about zero
after the current went above the current values of the threshold profile 220, indicating
that operation of the motor 160 and the movable device 170 was ceased.

Numerous and varying applications employing an electrically controlled motor
may employ a motor control system 100 of the present disclosure, as will be
appreciated by those of ordinary skill in the art. In at least some embodiments of the
present disclosure and by way of a non-limiting example, the movable device 170 may
comprise a movable door or a movable folding partition, such as is described in U.S.
Patent No. 6,662,848 entitled AUTOMATIC DOOR AND METHOD OF
OPERATING SAME. FIG. 3 illustrates a movable device comprising a foldable
partition, such as an accordion-type door 300 having an embodiment of a motor control
system 100 of the present disclosure. The door 300 comprises a plurality of panels 310
with adjacent panels 310 connected to one another with hinges 320 or other hinge-like
members. The hinged connection of the individual panels 310 enables the panels 310
to fold relative to each other in an accordion or a plicated manner such that the
door 300 may be compactly stored in a pocket 330 formed in a wall 340 of a building
when in a retracted or folded state.

When it is desired to deploy the door 300 to an extended position, for example,
to secure an area such as an elevator lobby or other area during a fire, the door 300 is
displaced along a track 350 across the space to provide an appropriate barrier. When in
a deployed or an extended state, a leading edge of the door 300, shown as a male lead
post 360, complementarily or matingly engages with a jamb or door post (not shown)
that may be formed in a wall of a building or another door.

A drive, which may include, for example, a motor 160 (FIG. 1) and a
conventional transmission member such as a drive belt or chain (not shown), may be
configured to open and close the door 300 upon actuation thereof, as is known to those

of ordinary skill in the art. A trolley 370 is coupled to a portion of the chain and
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configured to ride or slide along the track 350. The trolley 370 may be coupled to, for
example, the lead post 360 such that displacement of the trolley 370 results in
corresponding displacement of the lead post 360 and the panels 310 attached thereto.
The door 300 may further comprise a motor control system 100 (FIG. 1) as described
above for controlling the operation of the motor 160.

The motor 160 may require a variable amount of current during operation
depending on a number of differing factors. By way of example and not limitation, the
required current for the motor 160 may vary depending on whether the motor 160 is
initially starting, the number of panels 310 of the door 300 that the motor 160 is
displacing at a given time, any irregularities or resistance in the track 350 on which the
foldable partition travels, whether the travel of the foldable partition is obstructed, etc.

It has been discovered that when a foldable partition, such as door 300,
encounters an obstruction, the current supplied to the motor 160 rises to a level
substantially higher than normal operating levels. Furthermore, it is typically desirable
to configure a foldable partition to stop if the foldable partition encounters an
obstruction while closing since such an obstruction may represent a person attempting
to escape an area that is on fire or filled with smoke. Therefore, the processing
circuitry 130 of the motor control system 100 may be configured to monitor the current
requirements for the motor 160 while the door 300 is closing, and to stop the door if the
current requirements are above a threshold.

As described above, the processing circuitry 130 of the motor control
system 100 may be configured to generate a dynamic threshold profile for comparing
current requirements of operational cycles of the door 300. For the door 300, an
operational cycle may comprise displacing the door 300 from a fully open position to a
fully closed position. As the door 300 is being closed, the current sensor 110 senses
the current being supplied to the motor control circuit 120 and communicates a signal
comprising a value of the supplied current to the processing circuitry 130. As
described above, the processing circuitry 130 is configured to generate and store an
operation profile comprising the current values at a plurality of door positions between
the fully open and fully closed positions. The processing circuitry 130 is further
configured to generate a threshold profile from the initial operation profile for the

door 300.
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Once the threshold profile is generated and stored, the threshold profile may be
updated and refined each time the door 300 is operated through a full cycle (i.e., from
fully open to fully closed). Furthermore, the current provided to the motor control
circuit 120 may be monitored each time the door 300 operates to determine in
substantially real time whether the door 300 has encountered an obstruction by
determining whether the current supplied to the motor control circuit 120 exceeds the
threshold current for each position of the threshold profile. If the supplied current
exceeds the threshold current at some position of the operational cycle, the motor
control system 100 may be configured to stop the door 300 from advancing further.

Various embodiments of the present disclosure are directed to a method of
monitoring for an obstruction of a foldable partition, such as door 300. FIG. 4 is a flow
chart of at least one embodiment of such a method which is described herein with
reference to FIGS. 1-4. Initially, a plurality of current values may be obtained and
stored at operation 410. The plurality of current values comprise a current value for a
plurality of positions of the door 300 between a fully open position and a fully closed
position. The plurality of positions may relate to a distance the door 300 has traveled,
an amount of time the door 300 has traveled, as well as one of a plurality of positions
(i.e., the entire distance may be broken up into 300 equal positions). The current values
may be generated by the current sensor 110 and a related signal may be obtained and
stored by the processing circuitry 130.

A threshold profile is generated using the plurality of current values at
operation 420. In at least one embodiment, the threshold profile may be generated by
adding a threshold offset to each of the current values of the plurality. Furthermore,
some embodiments may also include reducing the total number of current values by
averaging small groups of the current values together. The threshold profile may
therefore comprise a threshold current value for each sampled position of the door 300
between fully open and fully closed.

With a threshold profile generated, each subsequent operation of the door 300
may be monitored for obstructions. In particular, the subsequent current value for each
sampled position of the door 300 may be obtained at operation 430. As used herein,
the subsequent current value refers to current values generated and obtained during

operation of the door 300 subsequent to generation of the threshold profile. The
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subsequent current values may be compared to the threshold profile at operation 440.
In other words, the subsequent current value for each sampled position of the door 300
may be compared to the threshold current value for that same sampled position of the
door 300 as defined by the threshold profile. The processing circuitry 130 may be
configured to determine whether the subsequent current value is greater than the
threshold current value for each particular sampled position of the door 300 at
operation 450. If the subsequent current value exceeds the threshold current value as
defined by the threshold profile, the door 300 may be stopped at operation 460. In at
least some embodiments, the processing circuitry 130 may communicate an obstruction
notice or status to the main controller to indicate that an obstruction of door 300 has
been identified.

If none of the subsequent current values exceed the threshold current value as
defined by the threshold profile, the door 300 may continue to close until the door 300
reaches the fully closed position at operation 470. After the door 300 has successfully
completed the operational cycle by reaching the fully closed position without being
stopped, the subsequent current values may be employed to generate a subsequent
threshold profile at operation 480. The subsequent threshold profile may be generated
in a manner similar to generating the threshold profile. For example, the subsequent
threshold profile may be generated by adding a constant to each of the subsequent
current values of the plurality. Furthermore, some embodiments may also include
reducing the total number of subsequent current values by averaging small groups of
the subsequent current values together. The subsequent threshold profile is then
combined with the threshold profile to generate an updated threshold profile at
operation 490. The updated threshold profile replaces the threshold profile for use in
future monitoring for an obstruction of the door 300.

While certain embodiments have been described and shown in the
accompanying drawings, such embodiments are merely illustrative and not restrictive
of the scope of the invention, and this invention is not limited to the specific
constructions and arrangements shown and described, since various other additions and
modifications to, and deletions from, the described embodiments will be apparent to
one of ordinary skill in the art. Thus, the scope of the invention is only limited by the

literal language, and legal equivalents, of the claims which follow.
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CLAIMS
What is claimed is:
1. A motor control system, comprising:

a motor control circuit operably coupled to an electrical load;

processing circuitry operably coupled to the motor control circuit; and

a current sensor operably coupled to the processing circuitry and configured to sense a
current delivered to the motor control circuit and to convey a signal to the
processing circuitry proportional to an amount of current sensed,;

wherein the processing circuitry is configured to sample the signal to obtain a plurality
of current values over time, to store the plurality of current values, and to

generate an operation profile from the plurality of current values.

2. The motor control system of claim 1, further comprising:
a folding partition comprising:
a plurality of panels, each panel of the plurality of panels hingedly coupled with
an adjacent panel of the plurality;
a lead post attached to at least one panel of the plurality of panels; and
a trolley coupled to the lead post; and
a drive comprising a transmission member coupled to the trolley and an electric motor
configured as the electrical load and configured to drive the transmission

member.

3. The motor control system of claim 1 or 2, wherein the motor control

circuit is configured as an H-bridge motor control circuit.

4. The motor control system of claim 1 or 2, wherein the current sensor

comprises a Hall Effect current sensor.

5. The motor control system of claim 1 or 2, wherein the processing

circuitry is further configured to generate a threshold profile from the operation profile,



WO 2011/005678 PCT/US2010/040888

10

15

20

25

30

-16-

the threshold profile comprising a threshold offset added to the plurality of current

values.

6. The motor control system of claim 5, wherein the processing circuitry is
further configured to stop operation of the electrical load upon detection of a current

value greater than the threshold profile.

7. The motor control system of claim 5, wherein the threshold profile
further comprises discrete groups of current values of the plurality of current values

averaged together.

8. The motor control system of claim 5, wherein the processing circuitry is

further configured to:

obtain a plurality of subsequent current values;

generate at least one subsequent operation profile from the plurality of subsequent
current values;

generate at least one subsequent threshold profile from the at least one subsequent
operation profile; and

combine the at least one subsequent threshold profile with the threshold profile to

generate at least one updated threshold profile.

9. A method of monitoring the operation of an electric motor, comprising:
generating an operation profile of an electric motor, the operation profile comprising a
plurality of current values corresponding to at least one of a time of operation
and a position of a movable device operably coupled to the electric motor;
generating a threshold profile from the operation profile; and
comparing at least one subsequent current value to the threshold profile, the at least one
subsequent current value corresponding to at least one of the time of operation

and the position of the movable device to the threshold profile.
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10.  The method of claim 9, wherein generating the operation profile further
comprises obtaining the plurality of current values as corresponding to a plurality of

positions of a folding partition operably coupled to the movable device.

11.  The method of claim 9 or 10, wherein generating the operation profile
further comprises:
sampling a signal from a current sensor over time to obtain the plurality of current
values; and
associating the plurality of current values to the corresponding time of operation, the

corresponding position of the movable device, or a combination thereof.

12.  The method of claim 9 or 10, further comprising:

generating at least one subsequent operation profile comprising a plurality of
subsequent current values corresponding to at least one of the time of operation
and the position of the movable device;

generating a subsequent threshold profile from the at least one subsequent operation
profile; and

combining the subsequent threshold profile with the threshold profile to generate an

updated threshold profile.

13.  The method of claim 9 or 10, further comprising stopping operation of
the electric motor if the at least one subsequent current value is greater than the

threshold profile.

14.  The method of claim 9 or 10, wherein generating the threshold profile
from the operation profile comprises adding a threshold offset to each current value of

the plurality of current values.

15.  The method of claim 14, further comprising averaging small groups of
current values of the plurality of current values together, wherein the total number of

current values is reduced.
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