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(54) METHODS AND SYSTEMS FOR CALIBRATION OF A MOTOR

(57) A method for calibrating a motor, the motor com-
prising a permanent magnet synchronous motor, is pro-
vided. The method generates a rotating magnetic field
using a voltage vector, the rotating magnetic field con-
figured to rotate at a constant angular velocity independ-
ent of an actual rotor position, and the rotating magnetic
field rotating in a first direction; identifies, by a processor,
timing data associated with a plurality of digital Hall effect

sensors; computes, by the processor, accurate positions
for each of the plurality of digital Hall effect sensors, using
the timing data and the constant angular velocity; creates
a reference table in system memory, by the processor,
the reference table comprising the accurate positions;
and during operation of the motor, calculates accurate
angular velocity values for the motor, using the reference
table.
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Description

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims the benefit of United
States provisional patent application serial number
62/442,814, filed January 5, 2017.

TECHNICAL FIELD

[0002] Embodiments of the subject matter described
herein relate generally to calibrating a motor, and more
particularly, to using digital Hall effect sensor positions
to calibrate a motor.

BACKGROUND

[0003] Angular position sensors used for commutation
and position control in motor drives have errors associ-
ated with mechanical sensor placement during construc-
tion. Systems requiring high position accuracy typically
use calibration data to adjust the feedback values in the
controller during operation. Calibration data is generally
collected during system manufacturing tests or during
field commissioning, and is specific to a certain part or
installation. This causes the calibration data to be specific
to a particular motor, and increases the cost to deploy a
motor.
[0004] Accordingly, it is desirable to provide additional
methods and systems for calibration of a motor. Further-
more, other desirable features and characteristics will
become apparent from the subsequent detailed descrip-
tion and the appended claims, taken in conjunction with
the accompanying drawings and the foregoing technical
field and background.

BRIEF SUMMARY

[0005] Some embodiments of the present disclosure
provide a method for calibrating a motor, the motor com-
prising a permanent magnet synchronous motor. The
method generates a rotating magnetic field using a volt-
age vector, the rotating magnetic field configured to ro-
tate at a constant angular velocity independent of an ac-
tual rotor position, and the rotating magnetic field rotating
in a first direction; identifies, by a processor, timing data
associated with a plurality of digital Hall effect sensors;
computes, by the processor, accurate positions for each
of the plurality of digital Hall effect sensors, using the
timing data and the constant angular velocity; creates a
reference table in system memory, by the processor, the
reference table comprising the accurate positions; and
during operation of the motor, calculates accurate angu-
lar velocity values for the motor, using the reference table.
[0006] Some embodiments of the present disclosure
provide a system for calibrating a motor, the motor com-
prising a permanent magnet synchronous motor. The
system includes a system memory element; a plurality

of digital Hall effect sensors, configured to detect polarity
changes of rotor magnets relative to the plurality of digital
Hall effect sensors during rotation of the motor; and at
least one processor, communicatively coupled to the sys-
tem memory element and the plurality of Hall effect sen-
sors, the at least one processor configured to: generate
a rotating magnetic field using a voltage vector, the ro-
tating magnetic field configured to rotate at a constant
angular velocity independent of an actual rotor position,
and the rotating magnetic field rotating in a first direction;
identify timing data associated with the detected polarity
changes of the plurality of digital Hall effect sensors; com-
pute accurate positions for each of the plurality of digital
Hall effect sensors, using the timing data and the constant
angular velocity; create a reference table in system mem-
ory the reference table comprising the accurate positions;
and during operation of the motor, calculate accurate an-
gular velocity values for the motor, using the reference
table.
[0007] Some embodiments of the present disclosure
provide a non-transitory, computer-readable medium
containing instructions thereon, which, when executed
by a processor, perform a method. The method initiates
a calibration mode of a motor, the motor comprising a
permanent magnet synchronous motor; generates a ro-
tating magnetic field using a voltage vector, the rotating
magnetic field configured to rotate at a constant angular
velocity independent of an actual rotor position, and the
rotating magnetic field rotating in a first direction; detects
polarity changes of rotor magnets relative to the plurality
of digital Hall effect sensors during rotation of the motor;
identifies, by a processor, timing data associated with
the polarity changes of the plurality of digital Hall effect
sensors; computes, by the processor, accurate positions
for each of the plurality of digital Hall effect sensors, using
the timing data and the constant angular velocity wherein
the accurate positions comprise calculated distances be-
tween the digital Hall effect sensors; creates a reference
table in system memory, by the processor, the reference
table comprising the accurate positions; exits the calibra-
tion mode of the motor; and during operation of the motor,
calculates accurate angular velocity values for the motor,
using the reference table, wherein the accurate angular
velocity values are calculated using the calculated dis-
tances stored in the reference table.
[0008] This summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the detailed description. This summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used as an aid in determining the scope of the claimed
subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A more complete understanding of the subject
matter may be derived by referring to the detailed de-
scription and claims when considered in conjunction with
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the following figures, wherein like reference numbers re-
fer to similar elements throughout the figures.

FIG. 1 is a functional block diagram of a motor cali-
bration system, in accordance with the disclosed em-
bodiments;

FIG. 2 is a diagram of a permanent magnet synchro-
nous motor and digital Hall effect sensors, in accord-
ance with the disclosed embodiments;

FIG. 3 is a plot illustrating events occurring during
one electrical revolution of the permanent magnet
synchronous motor;

FIG. 4 is a flow chart that illustrates an embodiment
of a process for calibrating a permanent magnet syn-
chronous motor; and

FIG. 5 is a flow chart that illustrates an embodiment
of a process for obtaining timing data for use in com-
puting accurate positions of digital Hall effect sen-
sors.

DETAILED DESCRIPTION

[0010] The following detailed description is merely il-
lustrative in nature and is not intended to limit the em-
bodiments of the subject matter or the application and
uses of such embodiments. As used herein, the word
"exemplary" means "serving as an example, instance, or
illustration." Any implementation described herein as ex-
emplary is not necessarily to be construed as preferred
or advantageous over other implementations. Further-
more, there is no intention to be bound by any expressed
or implied theory presented in the preceding technical
field, background, brief summary or the following detailed
description.
[0011] The subject matter presented herein relates to
apparatus and methods for calibrating a permanent mag-
net synchronous motor using digital Hall Effect sensors.
In embodiments of the present disclosure, digital Hall Ef-
fect sensors are used for commutation of six-step, brush-
less, direct current (DC) motors. Here, Hall Effect sensor
transition events (i.e., "Hall events") are also used for
speed determination. Hall Effect sensors detect polarity
changes of rotor magnets relative to the Hall Effect sen-
sors for each motor phase as the motor rotates. Speed
is determined by measuring the time between Hall
events. However, Hall events are not periodic. The speed
feedback update rate is dependent on the speed of the
motor, but the feedback is often used by a periodic digital
controller. At low motor speeds, the update rate of the
derived speed measurement eventually becomes lower
than the controller’s sample rate. At high speeds, there
are abundant updates relative to the sample rate, but
sensor noise becomes an issue due to manufacturing
variances in the motor magnet placement.

[0012] Contemplated herein are systems and methods
to determine motor speed feedback over a large opera-
tional range useful for digital speed control, using a mul-
timode speed calculation that provides feedback signals
appropriate for each speed range. Exemplary embodi-
ments of the present disclosure provide a large number
of updates per motor revolution at low speeds while pro-
viding less noise in the speed estimate at high speeds.
The present disclosure provides a method to calibrate
digital Hall Effect position sensors used in operational
Field Oriented Control (FOC) or sinusoidal drives, and
allows the drive Hall Effect sensor positions to be cali-
brated on-demand, during operation.
[0013] Certain terminologies are used with regard to
the various embodiments of the present disclosure. A
six-step, brushless, direct current (DC) motor is a Per-
manent Magnet Synchronous Motor (PMSM) or a Per-
manent Magnet AC (PMAC) motor, for example, and
functions to rotate at a constant angular velocity. A digital
Hall Effect sensor is a transducer that varies its output
voltage in response to a magnetic field. A polarity change,
detected by a digital Hall Effect sensor, occurs when the
detected polarity of the plurality of rotor magnets of the
motor alternates. The rotor magnets are positioned ac-
cording to alternating polarity, and the detected pole al-
ternates as multiple rotor magnets with alternating polar-
ity pass in front of the Hall Effect sensor.
[0014] Turning now to the figures, FIG. 1 is a functional
block diagram of a motor calibration system 100, in ac-
cordance with the disclosed embodiments. The motor
calibration system 100 is generally used create a refer-
ence table of accurate positions for the digital Hall effect
sensors, which may be used during future operation of
the motor for more accurate calculations of angular ve-
locity values for the motor.
[0015] The motor calibration system 100 generally in-
cludes, without limitation, at least one processor 102;
some form of system memory 104; a plurality of digital
Hall Effect sensors 106; a permanent magnet synchro-
nous motor 108; a timing module 110; a computing mod-
ule 112; and a reference table creation module 114.
These elements and features of motor calibration system
100 may be operatively associated with one another,
coupled to one another, or otherwise configured to co-
operate with one another as needed to support the de-
sired functionality - in particular, calibrating a permanent
magnet synchronous motor, as described herein. For
ease of illustration and clarity, the various physical, elec-
trical, and logical couplings and interconnections for
these elements and features are not depicted in FIG. 1.
Moreover, it should be appreciated that embodiments of
the motor calibration system 100 will include other ele-
ments, modules, and features that cooperate to support
the desired functionality. For simplicity, FIG. 1 only de-
picts certain elements that relate to the motor calibration
techniques described in more detail below.
[0016] The at least one processor 102 may be imple-
mented or performed with one or more general purpose

3 4 



EP 3 346 602 A1

4

5

10

15

20

25

30

35

40

45

50

55

processors, a content addressable memory, a digital sig-
nal processor, an application specific integrated circuit,
a field programmable gate array, any suitable program-
mable logic device, discrete gate or transistor logic, dis-
crete hardware components, or any combination de-
signed to perform the functions described here. In par-
ticular, the at least one processor 102 may be realized
as one or more microprocessors, controllers, microcon-
trollers, or state machines. Moreover, the at least one
processor 102 may be implemented as a combination of
computing devices, e.g., a combination of digital signal
processors and microprocessors, a plurality of micro-
processors, one or more microprocessors in conjunction
with a digital signal processor core, or any other such
configuration.
[0017] The at least one processor 102 communicates
with system memory 104. System memory 104 may be
realized using any number of devices, components, or
modules, as appropriate to the embodiment. Moreover,
the motor calibration system 100 could include system
memory 104 integrated therein and/or system memory
104 operatively coupled thereto, as appropriate to the
particular embodiment. In practice, the system memory
104 could be realized as RAM memory, flash memory,
EPROM memory, EEPROM memory, registers, a hard
disk, a removable disk, or any other form of storage me-
dium known in the art. In certain embodiments, the sys-
tem memory 104 includes a hard disk, which may also
be used to support functions of the motor calibration sys-
tem 100. The system memory 104 can be coupled to the
at least one processor 102 such that the at least one
processor 102 can read information from, and write in-
formation to, the system memory 104. In the alternative,
the system memory 104 may be integral to the at least
one processor 102. As an example, the at least one proc-
essor 102 and the system memory 104 may reside in a
suitably designed application-specific integrated circuit
(ASIC).
[0018] The plurality of digital Hall Effect sensors 106
are positioned within a defined proximity of the perma-
nent magnet synchronous motor 108, and are configured
to provide an output voltage (as shown in FIG. 2) asso-
ciated with magnet polarity. The output voltage of the
plurality of digital Hall Effect sensors 106 is "high" or "low"
based on detected polarity changes of the permanent
magnet synchronous motor 108. Each change of the out-
put voltage from high to low, or low to high, may be re-
ferred to as a "Hall event". During rotation of the perma-
nent magnet synchronous motor 108, timing of the Hall
events may be obtained by the timing module 110 and
used by the computing module 112 to calculate accurate
positions of each of the plurality of digital Hall Effect sen-
sors 106.
[0019] The permanent magnet synchronous motor 108
may be implemented using a Permanent Magnet Syn-
chronous Motor (PMSM) or a Permanent Magnet AC
(PMAC) motor, which is often controlled using a Field
Oriented Control (FOC) scheme. The permanent magnet

synchronous motor 108 is operable to rotate at a constant
angular velocity such that the timing module 110, the
computing module 112, and the reference table creation
module 114 function to detect the timing of particular Hall
events (the Hall events generated by the plurality of digital
Hall Effect sensors 106), calculate positioning of the Hall
Effect sensors 106 based on the timing, and create a
reference table that stores the Hall Effect sensor 106
positions.
[0020] The timing module 110 is suitably configured to
obtain timing data associated with polarity changes that
occur during rotation of the permanent magnet synchro-
nous motor 108. Such timing data may include a time-
stamp or another timing value or event that occurs at a
polarity change, time difference values, and/or average
time distance values.
[0021] The computing module 112 is configured to cal-
culate accurate positions of the digital Hall Effect sensors
106, using the timing data obtained by the timing module
110. Generally, positions of the digital Hall Effect sensors
106 are known values. However, these known values
may be inaccurate, and calculations may be performed
to determine an accurate position for each of the digital
Hall effect sensors
[0022] The reference table creation module 114 cata-
logs the accurate positions provided by the computing
module 112, by storing these accurate, calculated posi-
tions in a reference table or other data structure in system
memory 104.
[0023] In practice, the timing module 110, the comput-
ing module 112, and/or the reference table creation mod-
ule 114 may be implemented with (or cooperate with) the
at least one processor 102 to perform at least some of
the functions and operations described in more detail
herein. In this regard, the timing module 110, the com-
puting module 112, and/or the reference table creation
module 114 may be realized as suitably written process-
ing logic, application program code, or the like.
[0024] FIG. 2 is a diagram of a structure 200 that in-
cludes a permanent magnet synchronous motor 202 and
a plurality of digital Hall Effect sensors 204, in accordance
with the disclosed embodiments. It should be appreciated
that FIG. 2 depicts a simplified embodiment of the struc-
ture 200, and that some implementations of the structure
200 may include additional elements or components, as
desired for the particular application. For example, addi-
tional components such as computing devices, displays,
and/or user input components may be employed without
departing from the scope of the present disclosure.
[0025] As shown, the permanent magnet synchronous
motor 202 includes a plurality of magnets positioned
around the circumference of the motor 202, and the mag-
nets are positioned such that each magnet presents an
opposite polarity of the magnet immediately to the left
and right of the first magnet. Thus, the magnets alternate
in polarity around the circumference of the motor 202.
Polarity change 206 illustrates the transition, at Hall Ef-
fect sensor "Hall C", from a detected "south" polarity to
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a "north" polarity, when the motor 202 rotates in a clock-
wise direction. The plurality of digital Hall Effect sensors
204 are positioned outside of the permanent magnet syn-
chronous motor 202.
[0026] During operation, the permanent magnet syn-
chronous motor 202 rotates, and each of the magnets,
with alternating polarity, pass within proximity of the Hall
Effect sensors 204 during this rotation. The technique is
to generate a rotating magnetic field using a fixed mag-
nitude stator current, rotating at a constant speed inde-
pendent of actual rotor position. Digital Hall effect tran-
sition event time-stamps are collected while the rotor is
forced to rotate in both positive and negative motor di-
rections. The collected event time-stamps and the known
constant angular rate are used to determine accurate
positions for all Hall sensors using simple mathematical
operations. These accurate Hall sensor positions are
treated as calibration data to be stored in operational
memory. The calibration data is used to determine fine
offsets to each operational Hall Effect sensor edge event
to improve position sensing accuracy during motor op-
eration.
[0027] FIG. 3 is a plot 300 illustrating events occurring
during one electrical revolution 312 of the permanent
magnet synchronous motor. The plot 300 shows the out-
put voltage 302 of three Hall Effect sensors versus time
304, in the form of output voltage signals 306, 308, 310.
As shown, for output voltage signal 310, there is one
rising edge per electrical revolution (see reference 316).
There are six (6) Hall state changes 314 per electrical
revolution 312. Each of the Hall state changes 314 is a
rising or falling edge of the output voltage signals 306,
308, 310, indicating that a Hall state change (i.e., a hall
Event 314) is an abrupt shift from a 5 volt (V) output signal
to a 0V output signal, or from a 0V output signal to a 5V
output signal.
[0028] In certain embodiments, timing data associated
with each Hall Effect sensor includes a time-stamp for
each Hall event 314. In other words, a time-stamp is ob-
tained at each rising edge and each falling edge of the
output voltage signal 306, 308, 310 for each digital Hall
Effect sensor. Time-stamps associated with each of the
Hall events 314 are used to determine average time dif-
ference values, which are then used to calculate accurate
positions for the digital Hall Effect sensors.
[0029] FIG. 4 is a flow chart that illustrates an embod-
iment of a process 400 for calibrating a permanent mag-
net synchronous motor. For ease of description and clar-
ity it is assumed that the process 400 begins by gener-
ating a rotating magnetic field configured to rotate at a
constant angular velocity independent of actual rotor po-
sition feedback, and the rotating magnetic field rotating
in a first direction (402). Embodiments of the process 400
may generate the rotating magnetic field using a voltage
vector or a current vector.
[0030] Next, the process 400 identifies, by a processor,
timing data associated with a plurality of digital Hall Effect
sensors (step 404). Timing data may include any indica-

tion of a time-value, such as a time-stamp acquired from
a motor controller executing the process 400, wherein
the motor controller is in communication with the digital
Hall Effect sensors. Here, the process 400 obtains timing
data associated with one or more defined "Hall Events".
In some embodiments, the process 400 performs adjust-
ments to, or calculations using, the time-stamps in order
to determine timing data suitable for use in the calcula-
tions of step 406. One exemplary embodiment for iden-
tifying timing data associated with a plurality of digital
Hall Effect sensors is described below with respect to
FIG. 5, including additional detail.
[0031] The process 400 then computes, by the proc-
essor, accurate positions for each of the plurality of digital
Hall Effect sensors, using the timing data and the con-
stant angular velocity (step 406). Each digital Hall Effect
sensor has a position (θ), and each distance value be-
tween two Hall Effect sensors is defined as Δθ. The motor
is rotating at a constant angular velocity (ω), as described
in step 402, and the constant angular velocity (ω) may
also be referred to as the motor speed. The speed (ω)
and time values (based on timing information obtained
in step 404) are known to the process 400.
[0032] The following equation may be used by the
process 400 to calculate accurate distance values (Δθ)
between each of the Hall Effect sensors: ω = (Δθ)/Δt,
where Δt is the timing data associated with Hall Events.
For a particular Hall Effect sensor, timing data associated
with Hall Events may be collected, and using the timing
data and speed (ω), the process 400 calculates the po-
sition (θ) of the particular Hall Effect sensor. Once posi-
tions (θ) for each of the Hall Effect sensors are calculated,
the process 400 calculates accurate distance values (Δθ)
between each of the Hall Effect sensors.
[0033] Next, the process 400 creates a reference table
in system memory, by the processor, the reference table
comprising the accurate positions (step 408) for each of
the digital Hall Effect sensors. The accurate positions
include the calculated distance values (Δθ) between each
of the digital Hall Effect sensors, and are used in calibra-
tion of the motor.
[0034] Then, during operation of the motor, the process
400 calculates accurate angular velocity values for the
motor, using the reference table (step 410). Here, the
accurate positions of the digital Hall Effect sensors are
the calculated distances (Δθ) between the digital Hall Ef-
fect sensors, and the accurate angular velocity values
are calculated using the calculated distances (Δθ) stored
in the reference table. The accurate Hall Effect sensor
positions are stored in operational memory and treated
as calibration data for the motor. The calibration data is
used to determine positioning for each operational Hall
Effect sensor edge event to improve position sensing ac-
curacy during motor operation.
[0035] The process 400 operates as a part of a motor
driver which uses a digital processing element (e.g., a
central processing unit (CPU), microcontroller unit
(MCU), digital signal processor (DSP), field programma-
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ble gate array (FPGA), application specific integrated cir-
cuit (ASIC), or the like). The process 400 is implemented
as part of the control system as a mode of operation using
software or digital logic techniques that are known in the
art.
[0036] Process 400 functions to calibrate a motor and,
in certain embodiments, prior to generating the rotating
magnetic field, the process 400 initiates a calibration
mode of the motor. After creating the reference table
(step 408), the process 400 exits the calibration mode of
the motor. Here, the operation of the motor occurs after
calibration is performed, wherein the calibration is com-
pleted during the calibration mode.
[0037] FIG. 5 is a flow chart that illustrates an embod-
iment of a process 500 for obtaining timing data for use
in computing accurate positions of digital Hall Effect sen-
sors. Process 500 is one exemplary embodiment of step
404 of FIG. 4, described previously, including additional
detail. First, the process 500 detects polarity changes of
rotor magnets relative to the plurality of digital Hall effect
sensors during rotation of the motor (step 502).
[0038] Next, the process 500 identifies a plurality of
time-stamps during rotation of the magnetic field, each
of the plurality of time-stamps associated with a respec-
tive one of the polarity changes (step 504). In certain
embodiments, the process 500 is executed by a proces-
sor or controller, and the time-stamps are obtained from
the clock of the processor or controller at the point in time
that each Hall Event (e.g., change in polarity detected by
the Hall Effect sensors) takes place.
[0039] The process 500 then reverses the rotating
magnetic field to rotate in a second direction, wherein
the second direction opposes the first direction (step
506). Next, the process 500 identifies a second plurality
of time-stamps, each of the second plurality of time-
stamps associated with a respective one of the polarity
changes occurring during rotation of the magnetic field
in the second direction (step 508). Here, the process 500
reverses the rotating magnetic field and collects the sec-
ond group of time-stamps to account for error in the cal-
culations of the average time difference values of step
512.
[0040] After identifying the first plurality of time-stamps
(step 504) and the second plurality of time-stamps (step
508), the process 500 calculates (1) a plurality of time
difference values associated with the plurality of time-
stamps, and (2) a second plurality of time difference val-
ues associated with the second plurality of time-stamps
(step 510). The time difference values are the change in
time from a first time-stamp to a second time-stamp.
[0041] Once the process 500 has calculated the plu-
rality of time difference values and the second plurality
of time difference values (step 510), then the process
500 calculates average time difference values using the
plurality of time difference values and the second plurality
of time difference values, wherein computing the accu-
rate positions for each of the plurality of digital Hall effect
sensors (see step 406, FIG. 4) is performed using the

average time difference values and the angular velocity
(step 512).
[0042] Here, the process 500 averages each of the
time differences between Hall events associated with the
same Hall Effect sensors. For example, Hall Effect sen-
sor A and Hall Effect sensor B may be positioned outside
of a permanent magnet synchronous motor. As the ro-
tating magnetic field rotates in a first direction, a first po-
larity change occurs between Hall Effect sensor A and
Hall Effect sensor B. The process 500 identifies time-
stamps associated with the magnets producing the first
polarity change, and determines a first time difference
value between Hall Effect sensor A and Hall Effect sensor
B. The process 500 then reverses the rotating magnetic
field, to rotate in a second direction, and a second polarity
change occurs between Hall Effect sensor B and Hall
Effect sensor A. The process 500 identifies a second set
of time-stamps associated with the magnets producing
the second polarity change, and determines a second
time difference value between Hall Effect sensor B and
Hall Effect sensor A. The process 500 then averages the
first time difference value (between Hall Effect sensor A
and Hall Effect sensor B during rotation in the first direc-
tion) and the second time difference value (between Hall
Effect sensor B and Hall Effect sensor A during rotation
in the second direction), to determine an average time
difference value between Hall Effect sensor A and Hall
Effect sensor B. Accurate positions for Hall Effect sensor
A and Hall Effect sensor B are then computed using the
average time difference value.
[0043] The various tasks performed in connection with
processes 400-500 may be performed by software, hard-
ware, firmware, or any combination thereof. For illustra-
tive purposes, the preceding descriptions of processes
400-500 may refer to elements mentioned above in con-
nection with FIGS. 1-3. In practice, portions of processes
400-500 may be performed by different elements of the
described system. It should be appreciated that process-
es 400-500 may include any number of additional or al-
ternative tasks, the tasks shown in FIGS. 4-5 need not
be performed in the illustrated order, and processes
400-500 may be incorporated into a more comprehensive
procedure or process having additional functionality not
described in detail herein. Moreover, one or more of the
tasks shown in FIGS. 4-5 could be omitted from embod-
iments of the processes 400-500 as long as the intended
overall functionality remains intact.
[0044] Techniques and technologies may be de-
scribed herein in terms of functional and/or logical block
components, and with reference to symbolic represen-
tations of operations, processing tasks, and functions
that may be performed by various computing compo-
nents or devices. Such operations, tasks, and functions
are sometimes referred to as being computer-executed,
computerized, software-implemented, or computer-im-
plemented. In practice, one or more processor devices
can carry out the described operations, tasks, and func-
tions by manipulating electrical signals representing data
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bits at memory locations in the system memory, as well
as other processing of signals. The memory locations
where data bits are maintained are physical locations
that have particular electrical, magnetic, optical, or or-
ganic properties corresponding to the data bits. It should
be appreciated that the various block components shown
in the figures may be realized by any number of hardware,
software, and/or firmware components configured to per-
form the specified functions. For example, an embodi-
ment of a system or a component may employ various
integrated circuit components, e.g., memory elements,
digital signal processing elements, logic elements, look-
up tables, or the like, which may carry out a variety of
functions under the control of one or more microproces-
sors or other control devices.
[0045] When implemented in software or firmware,
various elements of the systems described herein are
essentially the code segments or instructions that per-
form the various tasks. The program or code segments
can be stored in a processor-readable medium or trans-
mitted by a computer data signal embodied in a carrier
wave over a transmission medium or communication
path. The "computer-readable medium", "processor-
readable medium", or "machine-readable medium" may
include any medium that can store or transfer informa-
tion. Examples of the processor-readable medium in-
clude an electronic circuit, a semiconductor memory de-
vice, a ROM, a flash memory, an erasable ROM (EROM),
a floppy diskette, a CD-ROM, an optical disk, a hard disk,
a fiber optic medium, a radio frequency (RF) link, or the
like. The computer data signal may include any signal
that can propagate over a transmission medium such as
electronic network channels, optical fibers, air, electro-
magnetic paths, or RF links. The code segments may be
downloaded via computer networks such as the Internet,
an intranet, a LAN, or the like.
[0046] The following description refers to elements or
nodes or features being "connected" or "coupled" togeth-
er. As used herein, unless expressly stated otherwise,
"coupled" means that one element/node/feature is direct-
ly or indirectly joined to (or directly or indirectly commu-
nicates with) another element/node/feature, and not nec-
essarily mechanically. Likewise, unless expressly stated
otherwise, "connected" means that one ele-
ment/node/feature is directly joined to (or directly com-
municates with) another element/node/feature, and not
necessarily mechanically. Thus, although the schematic
shown in FIG. X depicts one exemplary arrangement of
elements, additional intervening elements, devices, fea-
tures, or components may be present in an embodiment
of the depicted subject matter.
[0047] For the sake of brevity, conventional techniques
related to signal processing, data transmission, signal-
ing, network control, and other functional aspects of the
systems (and the individual operating components of the
systems) may not be described in detail herein. Further-
more, the connecting lines shown in the various figures
contained herein are intended to represent exemplary

functional relationships and/or physical couplings be-
tween the various elements. It should be noted that many
alternative or additional functional relationships or phys-
ical connections may be present in an embodiment of
the subject matter.
[0048] Some of the functional units described in this
specification have been referred to as "modules" in order
to more particularly emphasize their implementation in-
dependence. For example, functionality referred to here-
in as a module may be implemented wholly, or partially,
as a hardware circuit comprising custom VLSI circuits or
gate arrays, off-the-shelf semiconductors such as logic
chips, transistors, or other discrete components. A mod-
ule may also be implemented in programmable hardware
devices such as field programmable gate arrays, pro-
grammable array logic, programmable logic devices, or
the like. Modules may also be implemented in software
for execution by various types of processors. An identi-
fied module of executable code may, for instance, com-
prise one or more physical or logical modules of computer
instructions that may, for instance, be organized as an
object, procedure, or function. Nevertheless, the execut-
ables of an identified module need not be physically lo-
cated together, but may comprise disparate instructions
stored in different locations that, when joined logically
together, comprise the module and achieve the stated
purpose for the module. Indeed, a module of executable
code may be a single instruction, or many instructions,
and may even be distributed over several different code
segments, among different programs, and across sever-
al memory devices. Similarly, operational data may be
embodied in any suitable form and organized within any
suitable type of data structure. The operational data may
be collected as a single data set, or may be distributed
over different locations including over different storage
devices, and may exist, at least partially, merely as elec-
tronic signals on a system or network.
[0049] While at least one exemplary embodiment has
been presented in the foregoing detailed description, it
should be appreciated that a vast number of variations
exist. It should also be appreciated that the exemplary
embodiment or embodiments described herein are not
intended to limit the scope, applicability, or configuration
of the claimed subject matter in any way. Rather, the
foregoing detailed description will provide those skilled
in the art with a convenient road map for implementing
the described embodiment or embodiments. It should be
understood that various changes can be made in the
function and arrangement of elements without departing
from the scope defined by the claims, which includes
known equivalents and foreseeable equivalents at the
time of filing this patent application.

Claims

1. A method for calibrating a motor, the motor compris-
ing a permanent magnet synchronous motor, the
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method comprising:

generating a rotating magnetic field using a volt-
age vector, the rotating magnetic field config-
ured to rotate at a constant angular velocity in-
dependent of an actual rotor position, and the
rotating magnetic field rotating in a first direction;
identifying, by a processor, timing data associ-
ated with a plurality of digital Hall effect sensors;
computing, by the processor, accurate positions
for each of the plurality of digital Hall effect sen-
sors, using the timing data and the constant an-
gular velocity;
creating a reference table in system memory,
by the processor, the reference table comprising
the accurate positions; and
during operation of the motor, calculating accu-
rate angular velocity values for the motor, using
the reference table.

2. The method of Claim 1, further comprising:

detecting polarity changes of rotor magnets rel-
ative to the plurality of digital Hall effect sensors
during rotation of the motor;
wherein the timing data is associated with the
polarity changes.

3. The method of Claim 1, wherein identifying the timing
data further comprises:

identifying a plurality of time-stamps, each of the
plurality of time-stamps associated with a re-
spective one of the polarity changes, during ro-
tation of the magnetic field; and
calculating a plurality of time difference values
associated with the plurality of time-stamps,
wherein the timing data comprises at least the
plurality of time difference values.

4. The method of Claim 3, further comprising:

calculating average time difference values using
the plurality of time difference values;
wherein computing the accurate positions for
each of the plurality of digital Hall effect sensors
is performed using the average time difference
values and the constant angular velocity.

5. The method of Claim 3, further comprising:

reversing the rotating magnetic field to rotate in
a second direction, wherein the second direction
opposes the first direction;
identifying a second plurality of time-stamps,
each of the second plurality of time-stamps as-
sociated with a respective one of the polarity
changes, during rotation of the magnetic field in

the second direction; and
calculating a second plurality of time difference
values associated with the second plurality of
time-stamps, wherein the timing data comprises
at least the plurality of time difference values
and the second plurality of time difference val-
ues.

6. The method of Claim 5, further comprising:

calculating the average time difference values
using the plurality of time difference values and
the second plurality of time difference values;
wherein computing the accurate positions for
each of the plurality of digital Hall effect sensors
is performed using the average time difference
values and the constant angular velocity.

7. The method of Claim 1, further comprising:

initiating a calibration mode of the motor, by the
processor, prior to generating the rotating mag-
netic field; and
after creating the reference table, exiting the cal-
ibration mode of the motor;
wherein the operation of the motor occurs after
calibration is performed during the calibration
mode.

8. The method of Claim 1, wherein the accurate posi-
tions comprise calculated distances between the
digital Hall effect sensors; and
wherein the accurate angular velocity values are cal-
culated using the calculated distances stored in the
reference table.

9. A system for calibrating a motor, the motor compris-
ing a permanent magnet synchronous motor, the
system comprising:

a system memory element;
a plurality of digital Hall effect sensors, config-
ured to detect polarity changes of rotor magnets
relative to the plurality of digital Hall effect sen-
sors during rotation of the motor; and
at least one processor, communicatively cou-
pled to the system memory element and the plu-
rality of Hall effect sensors, the at least one proc-
essor configured to:

generate a rotating magnetic field using a
voltage vector, the rotating magnetic field
configured to rotate at a constant angular
velocity independent of an actual rotor po-
sition, and the rotating magnetic field rotat-
ing in a first direction;
identify timing data associated with the de-
tected polarity changes of the plurality of
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digital Hall effect sensors;
compute accurate positions for each of the
plurality of digital Hall effect sensors, using
the timing data and the constant angular ve-
locity;
create a reference table in system memory
the reference table comprising the accurate
positions; and
during operation of the motor, calculate ac-
curate angular velocity values for the motor,
using the reference table.

10. The system of Claim 9, wherein the at least one proc-
essor is further configured to:

identify a plurality of time-stamps, each of the
plurality of time-stamps associated with a re-
spective one of the polarity changes, during ro-
tation of the magnetic field; and
calculate a plurality of time difference values as-
sociated with the plurality of time-stamps,
wherein the timing data comprises at least the
plurality of time difference values.

11. The system of Claim 10, wherein the at least one
processor is further configured to:

calculate average time difference values using
the plurality of time difference values;
wherein computing the accurate positions for
each of the plurality of digital Hall effect sensors
is performed using the average time difference
values and the constant angular velocity.

12. The system of Claim 10, wherein the at least one
processor is further configured to:

reverse the rotating magnetic field to rotate in a
second direction, wherein the second direction
opposes the first direction;
identify a second plurality of time-stamps, each
of the second plurality of time-stamps associat-
ed with a respective one of the polarity changes,
during rotation of the magnetic field in the sec-
ond direction; and
calculate a second plurality of time difference
values associated with the second plurality of
time-stamps, wherein the timing data comprises
at least the plurality of time difference values
and the second plurality of time difference val-
ues.

13. The system of Claim 12, wherein the at least one
processor is further configured to:

calculate the average time difference values us-
ing the plurality of time difference values and the
second plurality of time difference values;

wherein computing the accurate positions for
each of the plurality of digital Hall effect sensors
is performed using the average time difference
values and the constant angular velocity.

14. The system of Claim 9, wherein the at least one proc-
essor is further configured to:

initiate a calibration mode of the motor, by the
processor, prior to generating the rotating mag-
netic field; and
after creating the reference table, exit the cali-
bration mode of the motor;
wherein the operation of the motor occurs after
calibration is performed during the calibration
mode.

15. The system of Claim 9, wherein the accurate posi-
tions comprise calculated distances between the
digital Hall effect sensors; and
wherein the accurate angular velocity values are cal-
culated using the calculated distances stored in the
reference table.
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