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Description

TECHNICAL FIELD

[0001] The subject invention relates generally to radio-
frequency identification (RFID), and more particularly to
managing the duty cycle of an RFID reader module to
prevent RFID reader module overheating and protective
shutdown.

BACKGROUND

[0002] RFID technology has become prevalent in to-
day’s society as a means of identifying objects in transit.
The objects can be anything from vehicles passing
through a toll plaza on a highway and lost pets to mer-
chandise leaving a store and parts traveling along on a
manufacturing line. In each of the previously described
examples, the mechanism is similar, an RFID tag, acti-
vated by an RFID reader, transmits its identity information
to the RFID reader for further processing.
[0003] Typically, a vendor provides an RFID reader
module to parties interested in developing an RFID sys-
tem by incorporating the RFID reader module in a host
device. The host device is responsible for powering the
RFID reader module and providing an adequate heat sink
to dissipate any heat buildup from the operation of the
RFID reader module. In some cases, the host design is
not sufficient to provide the heat sink necessary to pre-
vent the reader module from overheating.
[0004] In today’s RFID reader technology, the circuits
powering the RFID reader module are power inefficient
and lead to the buildup of heat in the RFID reader module.
The RFID reader module provides overheating protec-
tion for itself by including a temperature-measuring com-
ponent and control logic sufficient to shut down the RFID
reader module if the RFID reader module approaches a
temperature that would damage the RFID reader module.
Although this system satisfies the need of protecting the
RFID reader module, it is unacceptable to the host device
for the reader module to become inoperative at just the
time when the host is reading the greatest amount of
RFID data.
[0005] In another shortcoming of the existing RFID sys-
tems, different host devices have different designs and
requirements so it is unacceptable to design the reader
module to include the heat dissipation capabilities nec-
essary to prevent the RFID reader module from over-
heating in all circumstances. Market pressure is building
to provide an RFID reader module that is more intelligent
in its ability to regulate its operation and prevent itself
from entering a thermal shutdown if the host device is
not capable of dissipating heat at a rate sufficient to allow
continued operation.
[0006] Accordingly, inefficiencies in existing RFID
reader modules, variations in host device implementa-
tions and expectations for uninterrupted operation have
created market demand for an RFID reader module that

can automatically determine whether it is overheating
and take steps to moderate its operation so it can con-
tinue to function without entering a thermal shutdown.
WO-A1-2009/026059 provides a thermal management
system to control the temperature in an RFID reader.
Variable periods of inactivity are inserted before or after
each read cycle. The inactivity period is proportional to
the instantaneous temperature.

SUMMARY

[0007] In accordance with a first aspect of the inven-
tion, a system having the features of appended claim 1
is provided. In accordance with a second aspect of the
invention, a method having the steps of appended claim
9 is provided. The dependent claims provide further de-
tails of preferred embodiments. The following presents
a simplified summary, in order to provide a basic under-
standing of some of the aspects described herein. This
summary neither is an extensive overview nor intended
to identify key or critical elements or to delineate the
scope of the various aspects described herein. The sole
purpose of the summary is to present some concepts in
a simplified form as a prelude to the more detailed de-
scription presented later.
[0008] The disclosure describes systems and methods
for monitoring the temperature of an RFID reader module
and adjusting the duty cycle of the RFID reader module
to prevent the RFID reader module from overheating and
entering a thermal shutdown mode. The method modifies
the existing control logic of an RFID reader module to
analyze the temperature trend of the RFID reader mod-
ule, and inserts a programmable delay mechanism into
the duty cycle operation to reduce the duty cycle read
rate and accordingly lower the amount of heat generated
by the RFID reader module. The method is adaptive
based on the heat dissipation characteristics and envi-
ronmental conditions associated with the particular im-
plementation and use of the RFID reader module.
[0009] The system can collect temperature trend data
and duty cycle data from the RFID reader module for
analysis and use in designing future generations of host
devices. For example, a subsequent analysis of temper-
ature trend data can determine if the heat sink is sufficient
for intended operation by reviewing the reduction in duty
cycle required to maintain operation of the RFID reader
module.
[0010] To the accomplishment of the foregoing and re-
lated ends, certain illustrative aspects are described
herein in connection with the following description and
the annexed drawings. These aspects are indicative of
various ways to practice the invention, all of which are
intended to be covered herein. Other advantages and
novel features may become apparent from the following
detailed description when considered in conjunction with
the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 illustrates an embodiment of a system for con-
trolling the duty cycle of an RFID reader module to
prevent a thermal shutdown.
FIG. 2 illustrates the associated communication,
measurement, analysis, control and storage compo-
nents of an RFID reader module.
FIG. 3 illustrates the associated internal and external
environment temperature measuring components of
an RFID reader temperature measurement compo-
nent.
FIG. 4 illustrates the associated control loop and duty
cycle delay components of an RFID reader control
component.
FIG. 5 illustrates an embodiment of a method of an
RFID reader component collecting, archiving and
distributing data on the operational temperature
trends of the RFID reader component.
FIG. 6 illustrates an embodiment of a method of an
RFID reader component sampling control data and
adjusting the duty cycle of an RFID reader module
to prevent thermal shutdown.
FIG. 7 illustrates a block diagram of an exemplary,
non-limiting operating environment in which various
aspects described herein can function.

DETAILED DESCRIPTION

[0012] Various embodiments are now described with
reference to the drawings. In the following description,
for purposes of explanation, numerous specific details
are set forth in order to provide a thorough understanding
of one or more embodiments. It may be evident, however,
that the various embodiments can be practiced without
these specific details. In other instances, well-known
structures and devices are shown in block diagram form
in order to facilitate describing these embodiments.
[0013] As used in this application, the terms "compo-
nent", "module", "system", and the like are intended to
refer to a computer-related entity, either hardware, a
combination of hardware and software, software, or soft-
ware in execution. For example, a component may be,
but is not limited to being, a process running on a proc-
essor, a processor, an object, an executable, a thread of
execution, a program, and/or a computer. By way of il-
lustration, both an application running on a server and
the server can be a component. One or more components
can reside within a process and/or thread of execution
and a component can be localized on one computer
and/or distributed between two or more computers.
[0014] Furthermore, the one or more embodiments
can be implemented as a method, apparatus, or article
of manufacture using standard programming and/or en-
gineering techniques to produce software, firmware,
hardware, or any combination thereof to control a com-

puter to implement the disclosed embodiments. The term
"article of manufacture" (or alternatively, "computer pro-
gram product") as used herein is intended to encompass
a computer program accessible from any computer-read-
able device or media. For example, computer readable
media can include but are not limited to magnetic storage
devices (e.g., hard disk, floppy disk, magnetic strips...),
optical disks (e.g., compact disk (CD), digital video disk
(DVD)...), smart cards, and flash memory devices (e.g.,
card, stick). Additionally it should be appreciated that
computer communication media includes a carrier wave
that can be employed to carry computer-readable elec-
tronic data such as those used in transmitting and receiv-
ing electronic mail or in accessing a network such as the
Internet or a local area network (LAN). Of course, those
skilled in the art will recognize many modifications can
be made to this configuration without departing from the
scope of the disclosed embodiments.
[0015] Various embodiments are presented in terms
of systems that can include a number of components,
modules, and the like. It is to be understood and appre-
ciated that the various systems can include additional
components, modules, etc. and/or cannot include all of
the components, modules, etc. discussed in connection
with the figures. A combination of these approaches may
also be used.
[0016] FIG. 1 is a block diagram overview of the ther-
mally controlled duty cycle regulated system 100. The
thermally controlled duty cycle regulated system 100
comprises an RFID reader host component 102, an RFID
reader component 104 and an RFID tag component 106.
It should be noted that the RFID reader host component
102 is separate from the RFID reader component 104
and therefore does not necessarily meet all of operational
requirements of the RFID reader component 104. The
RFID reader host component 102 incorporates the RFID
reader component 104 and provides power to the RFID
reader component and communications connectivity.
The RFID reader host component 102 is expected to pro-
vide a heat sink for the RFID reader component 104 so
excess heat can be removed from the RFID reader com-
ponent. It should be noted that not all RFID reader host
components are designed to provide a sufficient heat sink
under all operating conditions of the RFID reader com-
ponent 104.
[0017] RFID reader component 104 provides the ability
for interaction with the RFID reader host component 102
and the RFID tag component 106. The RFID reader com-
ponent 104 provides a communicative connection to the
RFID reader host component 102 allowing the RFID
reader host component 102 to send control commands
such as a read command to the RFID reader component
104 and allowing the RFID reader component 104 to re-
turn temperature trend data to the RFID reader host com-
ponent 102.
[0018] The RFID reader component 104 provides the
ability to measure the temperature of the RFID reader
component 104 and optionally the surrounding environ-
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ment. The temperature measurements obtained by the
RFID reader component 104 are used as they are taken
for analysis of the trend in heat generation, for controlling
the heat generation through RFID tag component 106
read duty cycle control and for archiving for providing
temperature trend data to the RFID reader host compo-
nent 102.
[0019] Further, the RFID reader component 104 pro-
vides the ability to analyze the temperature data with re-
gard to the rate of read requests from the RFID reader
host and the ambient temperature and provide predictive
control for preventing thermal shutdown of the RFID
reader component 104. Additionally, the RFID reader
component 104 provides the ability to insert a proportion-
al delay in the duty cycle of the RFID reader component
based on the temperature of the hardware implementing
the RFID reader component 104. The proportional delay
allows the RFID reader component to continue function-
ing at a lower rate of reading under conditions that oth-
erwise would require a thermal shutdown of the RFID
reader component 104.
[0020] The reader component 104 provides the ability
to store data associated with the RFID reader compo-
nent. The stored data comprises data collected from the
temperature measuring instrumentation, data based on
the current configuration of the RFID reader component
and system data required for the RFID reader component
operation.
[0021] Further, the RFID reader component 104 can
operate in a trigger mode. When the triggered mode is
initiated by the RFID reader host component 102, the
RFID reader component 104 sets the duty-cycle to a peak
read rate. The RFID reader component 104 maintains
this peak read rate for the duration of the triggered cycle
and only reduces the duty cycle to prevent thermal shut-
down.
[0022] RFID tag component 106 provides a data
source for the RFID reader component 104. The RFID
tag component 106 can remain stationary allowing the
RFID reader component to pass by while reading. For
example, the user can install the RFID reader component
104 in a handheld inventory control RFID reader host
102 device. A technician can then walk through the ware-
house taking the inventory for later analysis. The RFID
tag component 106 can be in motion with the RFID reader
component 104 mounted in a stationary fashion. For ex-
ample, the user can install the RFID reader component
104 in a RFID reader host 102 device mounted at a toll-
booth with the RFID tag 106 component attached to a
vehicle passing through the tollbooth.
[0023] FIG. 2 depicts an RFID reader component 104
comprising the host interface component 202, the tem-
perature measurement component 204, the duty cycle
analysis component 206, the control component 208 and
the storage component 210. The host interface compo-
nent 202 provides the ability to establish communications
with the RFID reader host component 102. In one aspect,
the RFID reader host component 102 uses this interface

to send commands to the RFID reader component 104.
For example, the RFID reader host component 102 de-
vice can send an RFID read tag command to the RFID
reader component 104 causing the RFID reader compo-
nent 104 to begin a read cycle.
[0024] The RFID reader component 104 can use the
host interface component 202 to send archived data from
the storage component 210 to the host for further analysis
and distribution. For example, a user can manually in-
struct the RFID reader component 104 to upload its da-
tabase of archived temperature data so the user can de-
termine the efficiency of operation of a newly designed
RFID reader host component 102 device.
[0025] The temperature measurement component
204, in one aspect, provides the ability to measure the
temperature of the electrical hardware included in the
implementation of the RFID reader component 104. The
hardware has an upper thermal limit of operation and is
shutdown if the temperature of the hardware components
reaches this limit. For example, in one non-limiting im-
plementation, the design includes a thermocouple at-
tached to the processor providing the computational pow-
er for the RFID reader component 104. The temperature
measurement component 204 reads temperature data
from the thermocouple and provides the data to the anal-
ysis component 206 and the control component 208 for
further action to protect the RFID reader component 104
from thermal shutdown.
[0026] The temperature measurement component 204
can provide the ability to measure the ambient temper-
ature. For example, a non-limiting implementation can
include a thermocouple thermally isolated from any heat
generating hardware components and directed to read-
ing the temperature of the environment surrounding the
RFID reader component 104 and the RFID reader host
component 102. The temperature measurement compo-
nent 204 can read temperature data from this thermo-
couple and provide the data to the analysis component
206 and the control component 208 for further action to
protect the RFID reader component 104 from thermal
shutdown.
[0027] The duty cycle analysis component 206 pro-
vides the ability to receive newly sampled data from the
temperature measurement component 204 and archived
data from the storage component 210. The duty cycle
analysis component 206 can then perform calculations
allowing the prediction of the temperature trend of RFID
reader component 104 with respect to the future rate at
which the RFID reader component 104 can sample data
from RFID tags 106 without reaching a temperature re-
quiring a shutdown of the hardware components for ther-
mal protection.
[0028] In one non-limiting example, the duty cycle anal-
ysis component 206 can extrapolate a linear prediction
of the proportional delay for the duty cycle that allows the
RFID reader component to operate at the maximum read
rate without incurring a thermal shutdown. In another
non-limiting example, the duty cycle analysis component
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206 can implement an artificial intelligence component
to perform an analysis on the real-time and historical tem-
perature trend data and again determine the minimum
allowable duty cycle delay to prevent the thermal shut-
down of the RFID reader component 104.
[0029] In another aspect, the duty cycle analysis com-
ponent 206 can monitor configured trigger points includ-
ing but not limited to clock times and temperature events
to upload temperature profile data to the RFID reader
host device. In one non-limiting example, the duty cycle
analysis component 206 can monitor the temperature of
the RFID reader component 104 for a temperature that
exceeds at preconfigured value. When the RFID reader
component 104 temperature exceeds the preconfigured
value, the duty cycle analysis component 206 can upload
the archived data from the storage component 210 to the
RFID reader host component 102 for further analysis or
for distribution to other locations. In another non-limiting
example, the duty cycle analysis component 206 can de-
termine that the duty cycle delay is at an unexpectedly
high value for the rate of RFID tag 106 reading and am-
bient temperature. The duty cycle analysis component
206 can then notify the RFID reader host device 102 of
an alarm indicating possible hardware failure.
[0030] Further, the duty cycle analysis component can
generate reports providing information on the efficiency
of operation of the RFID reader with respect to the ther-
mal capabilities of the RFID reader host. For example,
an efficiency report can illustrate that for a particular RFID
reader, the RFID reader host requires a better heat sink
for optimal operation in the current environmental setting.
The duty cycle analysis component can also distribute
the generated reports to other devices and locations for
shared analysis.
[0031] The control component 208, in one aspect, pro-
vides the ability to insert a delay element and the logic
to set and update the delay value in the duty cycle loop
of an RFID reader component 104. The control compo-
nent 208 receives information from the duty cycle anal-
ysis component 206 regarding the predicted behavior of
the temperature trend for the RFID reader component
104. Further, the control component 208 receives real-
time temperature data from the temperature measure-
ment component 204. The control component adjusts
the duty cycle delay value based on the real-time tem-
perature data with a bias based on the predicted future
temperature information.
[0032] In one non-limiting example, the control com-
ponent can receive real-time temperature data from the
temperature measuring component 204 requiring a
greater proportional delay value for the control loop but
also receives information from the duty cycle analysis
component indicating a projected decline in ambient tem-
perature. The scenario describes a worker transitioning
from a heated office complex to an unheated warehouse
in the winter months in a northern climate. The control
component 208 can bias the change to the delay value
based on the information that the ambient heat sink is

becoming much more effective at dissipating heat and
allowing the RFID reader component 104 to continue op-
erating at a greater read rate than would normally be the
case for the real-time temperature readings.
[0033] The storage component 210, in one aspect, pro-
vides the ability to archive temperature data for analysis
and uploading to the RFID reader host component 102
device. The storage component 210 maintains archived
temperature data for as long as storage is available with
the oldest data flushed as required. In another aspect,
the storage component 210 maintains configuration data
related to the operation of the RFID reader. For example,
the storage component 210 maintains the value for the
duty cycle delay and other parameters of the control loop
to prevent their loss during loss of power situations. In
another aspect, the storage component 210 provides the
ability to maintain configured action events and clock
times to allow the duty cycle analysis component to up-
load the temperature trend data based on the occurrence
of one of the configured events or the passage of a con-
figured clock time.
[0034] FIG. 3 depicts a temperature measurement
component comprising an internal temperature meas-
urement component 302 and a local environment tem-
perature measurement component 304. The internal
temperature measurement component 302 provides the
ability for the temperature measurement component 204
of the RFID reader component 104 to measure the tem-
perature of the hardware components implementing the
RFID reader component 104. In one non-limiting exam-
ple of the subject innovation, the internal temperature
measurement component 302 is a thermocouple at-
tached to the face of a processor performing the logic
and calculations of the RFID reader component 104. In
another non-limiting example, the internal temperature
measurement component 302 is a thermistor circuit in-
tended for the temperature range of operation of the RFID
reader component 104 hardware.
[0035] The local environment temperature measure-
ment component 304 provides the ability to measure the
ambient temperature surrounding the RFID reader com-
ponent 104 and the RFID reader host component 102.
The environment temperature measurement component
304 is mounted in a location insulated from heat gener-
ated by the RFID reader component 104 and the RFID
reader host component 102. As described above for the
internal temperature measurement component 302, ex-
ample non-limiting implementations of environment tem-
perature measurement components 304 include thermo-
couples and thermistor circuits.
[0036] FIG. 4 depicts a control component 208 com-
prising a control loop component 402, and a duty cycle
delay component 404. The control loop component 402
provides the ability to monitor the temperature inputs
from the temperature measurement component 204 and
execute a thermal shutdown of the RFID reader compo-
nent 104 should the temperature reach a value known
to harm the RFID reader component 104 hardware. In
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one non-limiting example, the control loop is a propor-
tional-integral-derivative (PID) control loop tuned to the
characteristics of the RFID reader component 104 hard-
ware.
[0037] The duty cycle delay component 404 integrates
into the control loop component 402 and provides a
mechanism for proportionally delaying the duty cycle of
the RFID reader component 104. In one non-limiting ex-
ample, the duty cycle delay component is a location for
storing a delay value that the control loop component 402
must count through on each pass of the control loop.
[0038] Referring now to FIG. 5, illustrated is a method
for collecting, archiving and reporting temperature profile
and duty cycle delay value data. Beginning at step 502,
a temperature measurement component 204 reads a
temperature value from an internal temperature meas-
urement component 302 and/or the local environment
temperature measurement component 304. The temper-
ature measurement component 204 can time and date
stamp the temperature data to preserve the chronology
of the temperature data collection.
[0039] Next at step 504, the collected and possibly time
and date stamped temperature data is communicated to
the storage component 210 for archiving. In addition to
the temperature data, the duty cycle delay component
404 of the control component 208 can provide the duty
cycle delay value for archiving. Similar to the temperature
data, the duty cycle delay component can provide a time
and date stamp of when the duty cycle delay component
404 changed the duty cycle delay value.
[0040] Next at step 506, the provided data is archived
on the storage component 210. The storage component
maintains the data in the order provided and on command
will upload the data to the RFID reader host component
102. The RFID reader host component 102 can trigger
the upload manually or automatically, based on a previ-
ously defined event or time. After uploading, based on
the user specified storage component 210 configuration,
the storage component can delete the uploaded data
from the storage component 210 to provide space for
newly collected data.
[0041] Looking to figure FIG. 6, illustrated is a method
600 of managing the duty cycle of an RFID reader module
to prevent the RFID reader module from overheating and
thermal shutdown. Beginning at step 602, the RFID read-
er component 104 receives an RFID read tag command
from the RFID reader host component 102. It should be
noted that the RFID reader can receive and act on other
commands received from the RFID reader host compo-
nent 102. For example, the RFID reader host component
102 can send a command instructing the RFID reader to
upload archived data from the storage component 210
based configured events. Configured events include but
are not limited to uploading data when the storage com-
ponent nears full capacity, uploading data when a par-
ticular measured temperature is detected and uploading
data when a particular clock time is reached.
[0042] At step 604, the RFID reader component 104

sets the number of inventory rounds to perform. The user
can select the number of inventory rounds from a default
value maintained by the RFID reader component or sup-
plied by the RFID reader component host 102 in the RFID
read tag command sent to the RFID reader component
104.
[0043] Next, at step 606, the RFID reader component
104 sets the number of antenna cycles. The RFID reader
component can contain more than a single antenna sys-
tem and the RFID reader component 104 provides the
ability to interrogate RFID tags enabled by the different
antenna systems. At step 608, the temperature meas-
urement component 204 retrieves the module tempera-
ture of the hardware implementing the RFID reader com-
ponent 104.
[0044] Next, at step 610, the RFID reader component
104 determines if the module temperature is greater than
the predetermined high temperature value. If the module
temperature is greater than the predetermined high tem-
perature value, then the method 600 proceeds to step
612 and the control component 208 proportionally de-
creases the duty cycle rate by increasing the duty cycle
delay. After decreasing the duty cycle rate, the method
600 continues to step 618 where the RFID reader com-
ponent performs the read of the RFID tag 106. If the mod-
ule temperature is not greater than the predetermined
high temperature value, then the method 600 proceeds
to step 614 and the RFID reader component determines
if the module temperature is lower than the predeter-
mined low temperature value. If the module temperature
is lower than the predetermined low temperature value,
then the method 600 proceeds to step 616 and the control
component 208 proportionally increases the duty cycle
rate by decreasing the duty cycle delay. After increasing
the duty cycle rate, the method 600 continues to step 618
where the RFID reader component performs the read of
the RFID tag 106.
[0045] Proceeding at step 620, the method 600 inserts
a delay in the duty cycle to slow the reading rate of the
RFID reader component 104. One non-limiting method
of delay is by counting down from a predefined delay
count to zero. Once the count reaches zero then the duty
cycle loop can proceed to step 622. In another non-lim-
iting method, delay component 404 programs a timer with
the predefined delay value and the timer notifies the delay
component 404 when the delay time has expired. After
receiving the notification, the duty cycle loop proceeds
to step 622.
[0046] Next, at step 622, the method 600 determines
if the number of inventory cycles is complete. If the
number of inventory cycles is not complete then the meth-
od 600 returns to step 608 and continues with another
iteration of retrieving the module temperature. If the
number of inventory cycles is complete, then the method
600 continues to step 624. Next, at step 624, the method
600 switches antennas to inspect another frequency
and/or antenna polarization and/or range and continues
to step 628. At step 628, the method determines if the
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number of antenna cycles is complete. If the number of
antenna cycles is not complete, then the method 600
returns to step 608 and continues with another iteration
of retrieving the module temperature. If the number of
antenna cycles is complete, then the method 600 pro-
ceeds to step 628 and an inventory is complete.
[0047] FIG. 7 illustrates an example of a suitable com-
puting system environment 700 implementing the
claimed subject matter. Although as made clear above,
the computing system environment 700 is only one ex-
ample of a suitable computing environment for a mobile
device and is not intended to suggest any limitation as
to the scope of use or functionality of the claimed subject
matter. Further, the computing environment 700 is not
intended to suggest any dependency or requirement re-
lating to the claimed subject matter and any one or com-
bination of components illustrated in the example com-
puting environment 700.
[0048] With reference to FIG. 7, an example of a re-
mote device for implementing various aspects described
herein includes a general purpose computing device in
the form of a computer 710. Components of computer
710 can include, but are not limited to, a processing unit
720, a system memory 730, and a system bus 721 that
couples various system components including the sys-
tem memory 730 to the processing unit 720. The system
bus 721 can be any of several types of bus structures
including a memory bus or memory controller, a periph-
eral bus, and a local bus using any of a variety of bus
architectures.
[0049] Computer 710 can include a variety of computer
readable media. Computer readable media can be any
available media accessible by computer 710. By way of
example, and not limitation, computer readable media
can comprise computer storage media. Computer stor-
age media includes volatile and nonvolatile as well as
removable and non-removable media implemented in
any method or technology for storage of information such
as computer readable instructions, data structures, pro-
gram modules or other data.
[0050] Computer storage media includes, but is not
limited to, RAM, ROM, EEPROM, flash memory or other
memory technology, CDROM, digital video disks (DVD)
or other optical disk storage, magnetic cassettes, mag-
netic tape, magnetic disk storage or other magnetic stor-
age devices, or any other medium useable to store the
desired information and which can be accessed by com-
puter 710.
[0051] Communication media can embody computer
readable instructions, data structures, program modules
or other data in a modulated data signal such as a carrier
wave or other transport mechanism and can include any
suitable information delivery media.
[0052] The system memory 730 can include computer
storage media in the form of volatile and/or nonvolatile
memory such as read only memory (ROM) and/or ran-
dom access memory (RAM). A basic input/output system
(BIOS), containing basic routines that help to transfer

information between elements within computer 710, such
as during start-up, can be stored in memory 730. Memory
730 can also contain data and/or program modules that
are immediately accessible to and/or presently operated
on by processing unit 720. By way of non-limiting exam-
ple, memory 730 can also include an operating system,
application programs, other program modules, and pro-
gram data.
[0053] The computer 710 can also include other re-
movable/non-removable, volatile/nonvolatile computer
storage media. For example, computer 710 can include
a hard disk drive that reads from or writes to non-remov-
able, nonvolatile magnetic media, a magnetic disk drive
that reads from or writes to a removable, nonvolatile mag-
netic disk, and/or an optical disk drive that reads from or
writes to a removable, nonvolatile optical disk, such as
a CD-ROM or other optical media. Other removable/non-
removable, volatile/nonvolatile computer storage media
useable in the exemplary operating environment include,
but are not limited to, magnetic tape cassettes, flash
memory cards, digital versatile disks, digital video tape,
solid state RAM, solid state ROM and the like. In a non-
limiting example, the computer 710 can include a hard
disk drive connected to the system bus 721 through a
non-removable memory interface. In another non-limiting
example, the computer 710 can include a magnetic disk
drive or optical disk drive connected to the system bus
721 by a removable memory interface.
[0054] A user can enter commands and information
into the computer 710 through input devices such as a
keyboard or a pointing device such as a mouse, trackball,
touch pad, and/or other pointing device. Other input de-
vices can include a microphone, joystick, game pad, sat-
ellite dish, scanner, or the like. These and/or other input
devices can be connected to the processing unit 720
through user input 740 and associated interface(s) that
are coupled to the system bus 721, but can be connected
by other interface and bus structures, such as a parallel
port, game port or a universal serial bus (USB). A graph-
ics subsystem can also be connected to the system bus
721. In addition, a monitor or other type of display device
can be connected to the system bus 721 via an interface,
such as output interface 750, which can in turn commu-
nicate with video memory. In addition to a monitor, com-
puters can also include other peripheral output devices,
such as speakers and/or a printer, which can also be
connected through output interface 750.
[0055] The computer 710 can operate in a networked
or distributed environment using logical connections to
one or more other remote computers, such as remote
server 770, which can in turn have media capabilities
different from device 710. The remote server 770 can be
a personal computer, a server, a router, a network PC,
a peer device or other common network node, and/or
any other remote media consumption or transmission de-
vice, and can include any or all of the elements described
above relative to the computer 710. The logical connec-
tions depicted in FIG. 7 include a network 771, such local
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area network (LAN) or a wide area network (WAN), but
can also include other networks/buses. Such networking
environments are commonplace in homes, offices, en-
terprise-wide computer networks, intranets and the In-
ternet.
[0056] The computer 710 includes a receiver/transmit-
ter 780 for activating the RFID tag and receiving the in-
formation transmitted by the RFID tag after transmitter
energizes the RFID tag. The receiver/transmitter 780 can
contain a plurality of antennas suitable for different fre-
quencies of operation or different ranges, and/or polari-
zations to communicate with the RFID tag.
[0057] When used in a LAN networking environment,
the computer 710 connects to the LAN 771 through a
network interface or adapter. When used in a WAN net-
working environment, the computer 710 can include a
communications component, such as a modem, or other
means for establishing communications over the WAN,
such as the Internet. A communications component, such
as a modem, which can be internal or external, connects
to the system bus 721 via the user input interface at input
740 and/or other appropriate mechanism. In a networked
environment, program modules depicted relative to the
computer 710, or portions thereof, can be stored in a
remote memory storage device. It should be appreciated
that the network connections shown and described are
exemplary and other means of establishing a communi-
cations link between the computers can be used.
[0058] The word "exemplary" is used herein to mean
serving as an example, instance, or illustration. For the
avoidance of doubt, the subject matter disclosed herein
is not limited by such examples. In addition, any aspect
or design described herein as "exemplary" is not neces-
sarily to be construed as preferred or advantageous over
other aspects or designs, nor is it meant to preclude
equivalent exemplary structures and techniques known
to those of ordinary skill in the art. Furthermore, to the
extent that the terms "includes," "has," "contains," and
other similar words are used in either the detailed de-
scription or the claims, for the avoidance of doubt, such
terms are intended to be inclusive in a manner similar to
the term "comprising" as an open transition word without
precluding any additional or other elements.
[0059] The aforementioned systems have been de-
scribed with respect to interaction between several com-
ponents. It can be appreciated that such systems and
components can include those components or specified
sub-components, some of the specified components or
sub-components, and/or additional components, and ac-
cording to various permutations and combinations of the
foregoing. Sub-components can also be implemented as
components communicatively coupled to other compo-
nents rather than included within parent components (hi-
erarchical). Additionally, it should be noted that one or
more components can be combined into a single com-
ponent providing aggregate functionality or divided into
several separate sub-components, and that any one or
more middle layers, such as a management layer, can

be provided to communicatively couple to such sub-com-
ponents in order to provide integrated functionality. Any
components described herein may also interact with one
or more other components not specifically described
herein but generally known by those of skill in the art.
[0060] In view of the exemplary systems described su-
pra, methodologies that can be implemented in accord-
ance with the described subject matter will be better ap-
preciated with reference to the flowcharts of the various
figures. While for purposes of simplicity of explanation,
the methodologies are shown and described as a series
of blocks, it is to be understood and appreciated that the
claimed subject matter is not limited by the order of the
blocks, as some blocks may occur in different orders
and/or concurrently with other blocks from what is de-
picted and described herein. Where non-sequential, or
branched, flow is illustrated via flowchart, it can be ap-
preciated that various other branches, flow paths, and
orders of the blocks, can be implemented which achieve
the same or a similar result. Moreover, not all illustrated
blocks are required to implement the methodologies de-
scribed hereinafter. In addition to the various embodi-
ments described herein, it is to be understood that other
similar embodiments can be used or modifications and
additions can be made to the described embodiment(s)
for performing the same or equivalent function of the cor-
responding embodiment(s) without deviating therefrom.
Still further, multiple processing chips or multiple devices
can share the performance of one or more functions de-
scribed herein, and similarly, storage can be effected
across a plurality of devices. Accordingly, no single em-
bodiment shall be considered limiting, but rather the var-
ious embodiments should be construed consistently in
accordance with the appended claims.

Claims

1. A system (100) for preventing thermal shutdown of
a radio frequency identification, RFID, reader (104)
by automatically adjusting the duty cycle of the RFID
reader, the system (100) comprising:

a temperature measurement component (204)
for measuring (502) the temperature of the RFID
reader (104);
a control component (208) for calculating a value
for a delay to slow a reading rate of the RFID
reader based on the measured temperature,
and delaying RFID readings based on the cal-
culated delay value,

characterized by:

the control component comprising a delay loop
integrated into a proportional-integral-deriva-
tive, PID, loop, the measured temperature to be
input to the PID which then provides the delay
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value output for delaying the RFID reader read-
ings in proportion to the measured temperature;
a storage component (210) for archiving (504)
the measured temperature to form archived
temperature data; and
an analysis component (206) for predicting a
new delay value based on the archived temper-
ature data such that thermal shutdown of the
RFID reader (104) is prevented.

2. The system (100) of claim 1, further comprising the
analysis component (206) being operable to notify a
host device of the RFID reader (104) with an alarm
indicating possible RFID reader failure in response
to the measured temperature and a rate of RFID tag
reading.

3. The system (100) of claim 1 or claim 2, wherein the
PID loop is tuned to characteristics of the RFID read-
er (104).

4. The system (100) of any of claims 1-3, wherein the
system further comprises a second temperature
measurement (304) component for determining an
ambient temperature.

5. The system (100) of claim 4, the analysis component
(206) being further arranged for calculating an ad-
justment to the calculated delay value based on a
change in the ambient temperature and a predicted
effect the change in ambient temperature will have
on the RFID reader temperature, so as to provide
predictive control of the RFID reader temperature.

6. The system (100) of any previous claim, the analysis
component (206) being further arranged for analyz-
ing the measured temperature with regard to a rate
of read requests from a host of the RFID reader and
the ambient temperature, and provide predictive
control for preventing thermal shutdown of the RFID
reader.

7. The system (100) of any previous claim, wherein the
RFID reader (104) sets a number of inventory rounds
to perform.

8. The system (100) of any previous claim, wherein the
delay loop comprises programming a timer with a
delay value time and waiting for notification of timer
completion before continuing the RFID reader read-
ings.

9. A method (600) for preventing thermal shutdown of
a radio frequency identification, RFID, reader com-
ponent, the method comprising employing a proces-
sor (720) including a delay loop integrated into a pro-
portional-integral-derivative "PID" loop, the proces-
sor operable for:

receiving (602) a read RFID tag command from
a host device (102);
measuring (502) the temperature of the RFID
reader, the measured temperature to be input
to the PID loop;
calculating (612, 616) a value for a delay to slow
a reading rate of the RFID reader (104) based
on the measured temperature, the delay value
being in proportion to the measured temperature
and being output from the PID loop; reading
(618) data from an RFID tag;
delaying (620) the RFID readings based on the
calculated delay value from the PID loop;
archiving (504) the measured temperature to
form archived temperature data; and
predicting a new delay value, based on the ar-
chived temperature data, such that thermal
shutdown of the RFID reader (104) is prevented.

10. The method of claim 9, further comprising measuring
the ambient temperature and predicting adjustments
to the calculated delay value based on a change in
ambient temperature and a predicted effect that the
change in ambient temperature will have on the RFID
reader temperature so as to provide predictive con-
trol of the RFID reader temperature.

Patentansprüche

1. System (100) zur Verhinderung einer thermischen
Abschaltung eines RFID-Lesers (RFID = Funkfre-
quenzidentifikation) (104) durch automatische Jus-
tierung der Einschaltdauer des RFID-Lesers, wobei
das System (100) umfasst:

eine Temperaturmessungskomponente (204)
zur Messung (502) der Temperatur des RFID-
Lesers (104);
eine Steuerkomponente (208) zur Berechnung
eines Wertes für eine Verzögerung, um eine Le-
serate des RFID-Lesers basierend auf der ge-
messenen Temperatur zu verlangsamen, und
zur Verzögerung von RFID-Lesungen, basie-
rend auf dem berechneten Verzögerungswert,

dadurch gekennzeichnet:

dass die Steuerkomponente eine Verzöge-
rungsschleife umfasst, die in einer PID-Schleife
(PID = Proportional-Integral-Differenzial) inte-
griert ist, und die gemessene Temperatur in die
PID einzugeben ist, die dann die Verzögerungs-
wertausgabe zur Verzögerung der RFID-Leser-
Lesungen in Proportion zu der gemessenen
Temperatur zur Verfügung stellt;
eine Speicherkomponente (210) zur Archivie-
rung (504) der gemessenen Temperatur, um ar-
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chivierte Temperaturdaten zu bilden; und
eine Analysekomponente (206) zur Vorhersage
eines neuen Verzögerungswertes, basierend
auf den archivierten Temperaturwerten, so dass
eine thermische Abschaltung des RFID-Lesers
(104) verhindert wird.

2. System (100) gemäß Anspruch 1, das weiterhin um-
fasst, dass die Analysekomponente (206) geeignet
ist, einer Hostvorrichtung des RFID-Lesers (104) ei-
nen Alarm zu melden, der einen möglichen RFID-
Leserfehler in Reaktion auf die gemessene Tempe-
ratur anzeigt, und eine RFID-Tag-Leserate zu mel-
den.

3. System (100) gemäß Anspruch 1 oder Anspruch 2,
wobei die PID-Schleife auf Merkmale des RFID-Le-
sers (104) eingestellt wird.

4. System (100) gemäß einem der Ansprüche 1 - 3,
wobei das System weiterhin eine zweite Tempera-
turmessungs (304)-Komponente zur Bestimmung
einer Umgebungstemperatur umfasst.

5. System (100) gemäß Anspruch 4, wobei die Analy-
sekomponente (206) weiterhin geeignet ist, eine
Justierung auf den berechneten Verzögerungswert,
basierend auf eine Änderung der Umgebungstem-
peratur, und einen vorhergesagten Effekt, den die
Änderung der Umgebungstemperatur auf die Tem-
peratur des RFID-Lesers haben wird, zu berechnen,
um so eine prädiktive Steuerung der Temperatur des
RFID-Lesers zur Verfügung zu stellen.

6. System (100) gemäß einem der vorangehenden An-
sprüche, wobei die Analysekomponente (206) wei-
terhin geeignet ist, die gemessene Temperatur be-
züglich einer Rate von Leseanforderungen von ei-
nem Host des RFID-Lesers und der Umgebungs-
temperatur zu analysieren und eine prädiktive Steu-
erung zur Verhinderung einer thermalen Abschal-
tung des RFID-Lesers zur Verfügung zu stellen.

7. System (100) gemäß einem der vorangehenden An-
sprüche, wobei der RFID-Leser (104) eine Zahl von
durchzuführenden Inventurdurchgängen einstellt.

8. System (100) gemäß einem der vorangehenden An-
sprüche, wobei die Verzögerungsschleife umfasst:
Programmierung eines Timers mit einem Verzöge-
rungszeitwert und Warten auf eine Benachrichtigung
über eine Beendigung des Timers vor einer Fortset-
zung der RFID-Leser-Lesungen.

9. Verfahren (600) zur Verhinderung einer thermischen
Abschaltung einer RFID-Leser (RFID = Funkfre-
quenzidentifikation)-Komponente, wobei das Ver-
fahren die Verwendung eines Prozessors (720) um-

fasst, der eine Verzögerungsschleife umfasst, die in
eine "PID"-Schleife (PID = Proportional-Integral-Dif-
ferenzial) integriert ist, wobei der Prozessor geeignet
ist:

einen RFID-Tag-Lesebefehl von einer Hostvor-
richtung (102) zu empfangen (602);
die Temperatur des RFID-Lesers zu messen
(502), wobei die gemessene Temperatur in die
PID-Schleife einzugeben ist;
einen Wert für eine Verzögerung zu berechnen
(612, 616), um eine Leserate des RFID-Lesers
(104) basierend auf der gemessenen Tempera-
tur zu verlangsamen, wobei die Verzögerung im
Verhältnis zu der gemessenen Temperatur
steht und von der PID-Schleife ausgegeben
wird;
Daten aus einen RFID-Tag zu lesen (618);
die RFID-Lesungen, basierend auf dem berech-
neten Verzögerungswert, von der PID-Schleife
zu verzögern (620);
die gemessene Temperatur zu archivieren
(504), um archivierte Temperaturdaten zu bil-
den; und
einen neuen Verzögerungswert, basierend auf
den archivierten Temperaturdaten, vorherzusa-
gen, so dass eine thermische Abschaltung des
RFID-Lesers (104) verhindert wird.

10. Verfahren gemäß Anspruch 9, das weiterhin um-
fasst: Messung der Umgebungstemperatur und Vor-
hersage von Justierungen des berechneten Verzö-
gerungswertes, basierend auf einer Änderung der
Umgebungstemperatur und eines vorhergesagten
Effektes, den die Änderung der Umgebungstempe-
ratur auf die Temperatur des RFID-Lesers haben
wird, um so eine prädiktive Steuerung der Tempe-
ratur des RFID-Lesers zur Verfügung zu stellen.

Revendications

1. Système (100) pour empêcher l’arrêt thermique d’un
lecteur d’identification par radiofréquence, RFID,
(104) en ajustant automatiquement le cycle de ser-
vice du lecteur RFID, le système (100) comprenant :

un composant de mesure de température (204)
pour mesurer (502) la température du lecteur
RFID (104) ;
un composant de commande (208) pour calcu-
ler une valeur pour un retard pour ralentir un
taux de lecture du lecteur RFID sur la base de
la température mesurée, et retarder des lectures
RFID sur la base de la valeur de retard calculée ;
caractérisé par :

le composant de commande comprenant
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une boucle à retard intégrée dans une bou-
cle proportionnelle-intégrale-dérivée, PID,
la température mesurée devant être entrée
dans la PID qui fournit ensuite la valeur de
retard sortie pour retarder les lectures du
lecteur RFID proportionnellement à la tem-
pérature mesurée ;
un composant de stockage (210) pour ar-
chiver (504) la température mesurée afin de
former des données de température
archivées ; et
un composant d’analyse (206) pour prédire
une nouvelle valeur de retard sur la base
des données de température archivées de
sorte que l’arrêt thermique du lecteur RFID
(104) soit empêché.

2. Système (100) selon la revendication 1, comprenant
en outre le composant d’analyse (206) qui est ex-
ploitable pour notifier à un dispositif hôte du lecteur
RFID (104) avec une alarme indiquant une défaillan-
ce de lecteur RFID possible en réponse à la tempé-
rature mesurée et à un taux de lecture d’étiquette
RFID.

3. Système (100) selon la revendication 1 ou la reven-
dication 2, dans lequel la boucle PID est accordée
sur des caractéristiques du lecteur RFID (104).

4. Système (100) selon l’une quelconque des revendi-
cations 1 à 3, dans lequel le système comprend en
outre un second composant de mesure de tempé-
rature (304) pour déterminer une température am-
biante.

5. Système (100) selon la revendication 4, le compo-
sant d’analyse (206) étant en outre agencé pour cal-
culer un ajustement pour la valeur de retard calculée
sur la base d’un changement de la température am-
biante et d’un effet prédit que le changement de tem-
pérature ambiante aura sur la température du lecteur
RFID, afin de fournir une commande prédictive de
la température du lecteur RFID.

6. Système (100) selon l’une quelconque des revendi-
cations précédentes, le composant d’analyse (206)
étant en outre agencé pour analyser la température
mesurée en ce qui concerne un taux de demandes
de lecture en provenance d’un hôte du lecteur RFID
et la température ambiante, et fournir une comman-
de prédictive pour empêcher l’arrêt thermique du lec-
teur RFID.

7. Système (100) selon l’une quelconque des revendi-
cations précédentes, dans lequel le lecteur RFID
(104) établit un nombre de rotations des stocks à
effectuer.

8. Système (100) selon l’une quelconque des revendi-
cations précédentes, dans lequel la boucle à retard
comprend la programmation d’un temporisateur
avec un temps de valeur de retard et l’attente de
notification d’achèvement de temporisateur avant de
continuer les lectures du lecteur RFID.

9. Procédé (600) pour empêcher l’arrêt thermique d’un
composant de lecteur d’identification par radiofré-
quence, RFID, le procédé comprenant l’emploi d’un
processeur (720) incluant une boucle à retard inté-
grée dans une boucle proportionnelle-intégrale-dé-
rivée « PID », le processeur exploitable pour :

recevoir (602) une commande d’étiquette RFID
de lecture en provenance d’un dispositif hôte
(102) ;
mesurer (502) la température du lecteur RFID,
la température mesurée devant être entrée dans
la boucle PID ;
calculer (612, 616) une valeur pour un retard
pour ralentir un taux de lecture du lecteur RFID
(104) sur la base de la température mesurée, la
valeur de retard étant proportionnelle à la tem-
pérature mesurée et étant sortie de la boucle
PID ;
lire (618) des données à partir d’une étiquette
RFID ;
retarder (620) les lectures RFID sur la base de
la valeur de retard calculée à partir de la boucle
PID ;
archiver (504) la température mesurée afin de
former des données de température archivées ;
et
prédire une nouvelle valeur de retard, sur la ba-
se des données de température archivées, de
sorte que l’arrêt thermique du lecteur RFID (104)
soit empêché.

10. Procédé selon la revendication 9, comprenant en
outre la mesure de la température ambiante et la
prédiction d’ajustements pour la valeur de retard cal-
culée sur la base d’un changement de température
ambiante et d’un effet prédit que le changement de
température ambiante aura sur la température du
lecteur RFID afin de fournir une commande prédic-
tive de la température du lecteur RFID.
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