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METHOD AND SYSTEM FOR
AUTOMATICALLY MONITORING THE
READ QUALITY OF AN RFID SYSTEM

INTRODUCTION AND BACKGROUND

[0001] This invention relates to radio frequency identifi-
cation (RFID) systems and more particularly to a system and
method of automatically monitoring the read quality of the
system.

[0002] RFID systems wherein passive transponders are
continuously moved through an energizing signal beam of a
reader, are well known. For example, the transponders may
be attached to host articles and the articles may be moved
through the beam on a conveyor belt. The reader is config-
ured to read the transponders in known manner. The read
quality of a system of this kind may be influenced negatively
by factors such as changes in the beam pattern or profile,
transponders that are suspect or faulty and system configu-
ration changes as a result of which the transponders are not
or no longer in suitable positions relative to the beam. In
time critical systems, it is desirous to detect the aforemen-
tioned problems as soon as possible, and to take timeous
remedial action, for example to call out technical staff to
attend to the problem.

[0003] In some applications, an unknown number of tran-
sponders may be clumped or clustered together and sub-
jected to a reader to be read. In such applications it is
difficult to determine for how long the clump must be
subjected to the beam until all or a satisfactory number of
transponders are read.

OBIJECT OF THE INVENTION

[0004] Accordingly, it is an object of the present invention
to provide a method and system with which the applicant
believes the aforementioned problems may at least be alle-
viated.

SUMMARY OF THE INVENTION

[0005] According to the invention there is provided a
method of monitoring the reading quality of a radio fre-
quency identification system comprising a reader associated,
in use, with a transmitted beam of radio frequency energy
and a plurality of transponders to be energized by the energy
and each of which intermittently retransmits a response
signal to be read by the reader, the method comprising the
steps of:

[0006] causing the transponders and beam to move

relative to one another;

[0007] defining a sequence of groups of transponders in
the beam;
[0008] for each transponder in a group, receiving the

response signals transmitted and recording a read count
which is equal to the number of times the response
signals was received and read by the reader while the
transponder is in the beam;

[0009] computing a statistical distribution of number of
transponders against read count for the group of tran-
sponders;

[0010] processing data associated with the distribution
and comparing the data to stored historical data relating
to a previously computed distribution for a previous
group in the sequence; and

Sep. 13, 2007

[0011] if in the comparison, a predetermined deviation
is established, causing a first indication to be provided.

[0012] The distribution may be computed intermittently,
typically periodically, in respect of a changing transponder
population defined by a sliding window based on time,
alternatively total number of transponders.
[0013] The data associated with the distribution may be
data relating to key values of the distribution, such as
average value, standard deviation etc.
[0014] The method may also include the step of, for each
transponder in the group, comparing the read count to a first
threshold value and if the read count is less than the
threshold limit value, to cause a second indication to be
provided. The first threshold value preferably is a user
selectable value and may represent a lower acceptable limit
value for the read count of any transponder.
[0015] According to another aspect of the invention these
is provided a system for monitoring the read quality of a
radio frequency identification system comprising a reader
associated in use with a transmitted beam of radio frequency
energy and a plurality of transponders to be energized by the
energy and each of which transponders intermittently
retransmits a response signal to be read by the reader, the
system comprising:

[0016] a controller connected to the reader and for
receiving from the reader, read data relating to each
transponder in the beam;

[0017] a computing device connected to the controller
for determining and recording from the read data and
for each transponder, a read count which is equal to the
number of times that a response signal from the tran-
sponder was received and read by the reader while the
transponder is in the beam;

[0018] the computing device being configured to com-
pute a statistical distribution of number of transponders
against read count;

[0019] the computing device further being configured to
process data associated with the distribution;

[0020] a comparator for comparing the data associated
with the distribution to historical data stored in a
memory arrangement and associated with a previously
computed distribution; and

[0021] an indicator operable by the controller to provide
a first indication if in the comparison, a predetermined
deviation is established.

[0022] Further included within the scope of the invention
is a method of reading a predetermined proportion of a
clump of an unknown number of transponders of a radio
frequency identification system, the method comprising the
steps of:

[0023] maintaining the clump and an energizing signal
beam of a reader of the system substantially stationary
relative to one another;

[0024] during each of a plurality of time periods, taking
sample data relating to a total number of transponders
in the clump read for a first time;

[0025] utilizing the sample data to compute an expected
total time to read the predetermined proportion; and

[0026] causing the reader to read for the expected total
time.
[0027] Also included within the scope of the present

invention is a reading system for automatically reading a
predetermined proportion of a clump of an unknown number
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of transponders of a radio frequency identification system,
the reading system comprising:

[0028] a reader which in use is held stationary relative
to the clump;

[0029] a controller connected to the reader and config-
ured to determine during a plurality of time periods,
respective sample data relating to a total number of
transponders in the clump read for a first time;

[0030] a computing device for computing from the
sample data a total time period to read the predeter-
mined proportion of the transponders; and

[0031] the controller being configured to cause the
reader to read transponders for the total time period.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DIAGRAMS

[0032] The invention will now further be described, by
way of example only, with reference to the accompanying
diagrams wherein

[0033] FIG. 1 is a basic block diagram of a known radio
frequency identification (RFID) system;

[0034] FIG. 2 is a diagram illustrating a plurality of
transponders of the system being transported through a beam
of a reader of the system on a conveyor belt;

[0035] FIG. 3 is a table of “read count” against “number
of transponders with that read count” while in the beam, and
a graphical representation of number of transponders against
read count;

[0036] FIG. 4 is a basic block diagram of part of the
system according to the invention for monitoring the read
quality of the RFID system;

[0037] FIG. 5 is a flow diagram of the method according
to the invention of monitoring the read quality of the RFID
system,

[0038] FIG. 6 a graphic representation of samples of new
transponders in a clump of transponders read per time period
in an application wherein a beam and the clump in the beam
are stationary relative to one another; and

[0039] FIG. 7 is a flow diagram of a method of determin-
ing when an acceptable number of the transponders in the
clump have been read.

DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

[0040] A known radio frequency identification system is
generally designated by the reference numeral 10 in FIG. 1.
[0041] The system 10 comprises a reader 12, which, in
use, broadcasts an energizing signal 14 in a beam 16 (shown
in FIG. 2) having a pattern and/or profile 18. Transponders
20.1 to 20.n of the system derive energy from the signal and
automatically respond according to a suitable collision
avoidance protocol with respective response signals 21.1 to
21.n comprising response data, which is typically back-
scatter modulated on the energizing signal. The reader 12
receives the response signal, reads the data and then counts
or identifies the transponders 20.1 to 20.n by the response
data. One suitable protocol is a tag-talk-only (TTO) protocol
wherein the reader 12 does not modulate the energizing
signal. Such a protocol is described in more detail in U.S.
Pat. No. 6,154,136 to Van Eeden entitled “Free running RF
identification system with increasing average inter transmis-
sion intervals”. In this protocol, each transponder automati-
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cally and intermittently retransmits the response signal with
the response data with increasing average inter-transmission
intervals.

[0042] As is well known in the art, the transponders may
be attached or adhered in the form of tags to host articles (not
shown) and the system hence facilitates automatic electronic
counting an/or identification of the host articles.

[0043] Referring to FIG. 2, in some practical applications
of RFID systems, for example in manufacturing plants for
the host articles, the host articles with respective transpon-
ders TR#1 to TR#n attached thereto as aforesaid, are caused
to move relative to the beam 16, to enable the reader 12 to
read the transponders. The articles may be moved as afore-
said on a conveyor 22 in direction A. The read quality of the
system may be influenced negatively by factors such as
changes in the beam pattern (which is determined by fea-
tures such as nulls 24 in the beam due to multi-pathing, etc)
or beam profile 18, transponders that are suspect or faulty
and conveyor system configuration changes, as a result of
which the transponders are not or no longer in suitable
positions relative to the beam. In time critical systems, it is
desirous to detect the aforementioned problems as soon as
possible, and to take timeous remedial action, for example to
call out technical staff to attend to the problem.

[0044] Referring to FIG. 3, it has been found that in a
properly working system 10 wherein there is relative move-
ment between the beam 16 and the transponders TR#1 to
TR#n, either as aforesaid or in that the beam is scanned or
swept over a plurality of transponders, and for a group of the
transponders defined by a sliding window on a FIFO basis,
either based on time or total number of transponders read,
the statistical distribution of “number of transponders” 33
against “read count” 31 for those transponders is typically a
normal distribution. A table with exemplary data 31 and 33
is also shown in FIG. 3. By way of example, according to the
representation and data in FIG. 3, 254 transponders were
read 11 times each while in the beam; 145 transponders were
read 10 times each while in the beam; and 160 transponders
were read 12 times each while in the beam. These figures are
purely illustrative, since every set-up will look different.
[0045] With the distribution shown in FIG. 3, it is likely
that all transponders passing through the beam 16 would be
read more than once. However, it has been found that as the
read environment is changing over time, the bell shape 30 of
the distribution moves. A deteriorating reader 12 will result
in a slow movement in direction B, whilst changes in the
beam profile 18 and/or pattern 20 may result in more abrupt
movement. Movement of any part of the bell shape beyond
a threshold value should hence result in an indication being
provided, for example by triggering or setting a flag.
[0046] Movement or changes in the bell shape 30 may be
determined in well-known manner by computing key values
of the distribution such as average value, standard deviation
etc and comparing data relating to these values with stored
historical data relating to corresponding values associated
with a previously computed distribution derived from the
sliding window. More particularly, by defining a sequence of
successive groups of transponders in the beam utilizing the
sliding window, the statistical distribution as aforesaid and
key values for each group of transponders are computed and
compared with that of a preceding group in the sequence of
groups.

[0047] In a practical application of the system and method
according to the invention, a user may select a minimum
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number or first threshold value of read counts that are
required to provide a large enough safety margin to ensure
that all transponders passing through the beam are in fact
read. If the bell shape distribution derived by the method and
system according to the invention in practice includes this
first threshold value, there is a likelihood that with deterio-
ration of the system, some transponders may in use not be
read. In FIG. 3, a first threshold value of 7 is selected as an
example. It is clear from the figure that at least some
transponders will be read less than seven times and, in some
applications, this may result in unacceptable reading results
if the reader environment deteriorates. If the bell shape 30
remains in the original position, the fact that some transpon-
ders are read less than the first threshold value, is indicative
of faulty or suspect transponders in the system 10. Similarly,
transponders that are read more times than represented by an
upper edge 32 of the bell shape, indicate that some tran-
sponders probably spent too much time in the beam 16,
which may be indicative of another problem that requires
remedial action.

[0048] Referring to FIG. 4, the system according to the
invention comprises a processing station 40 comprising a
controller 41 connected to an output of the reader 12. The
processing station is configured to receive from a user at
least two set-up parameters namely the aforementioned first
threshold value 42 and data 44 relating to the sliding
window. The processing station further comprises a first
comparator 46, computing means 48 for intermittently,
preferably periodically, computing the statistical distribution
of transponders in a group of a sequence of groups as
aforesaid and key values associated with the distribution, a
second comparator 50 and a memory arrangement 52 for
storing data, including historical data relating to said key
values of previously computed distributions. As will here-
inafter be described, the controller is configured to generate
a “faulty or suspect transponder” flag 54, “not 100% read”
flag 56 and a “faulty reader” flag 58.

[0049] Referring now to FIG. 5, the processing station 40
is provided at 60 with set-up data comprising at least the first
threshold value and data relating to a suitable sliding win-
dow. The station then determines at 62 for each transponder
in a group, transponder read count (RC) data, that is data
relating to the number of times the reader 12 has read the
transponder while in the beam 16. At 64, the comparator 46
compares the RC data to the first threshold value data. If the
RC data is less than the first threshold value data, the
controller causes at 66 the “faulty or suspect transponder”
flag 54 to be set. The aforementioned RC data is then added
at 68 on a first-in-first-out (FIFO) basis to a sliding window
data set. Utilizing the current sliding window data set and at
70, the station computes the statistical distribution of the
sliding window data set as well as data relating to the
aforementioned key values associated with the distribution.
The computed data is compared at 72 by comparator 50 and
if a predetermined deviation from the corresponding histori-
cal data stored in memory arrangement 52 is detected, the
station causes “faulty reader” flag 58 and/or “not 100%
count” flag 56 to be set at 74. The aforementioned computed
data is stored in memory arrangement 52 for future similar
comparisons.

[0050] The invention also extends to a method and system
for automatically determining an expected total read time
(TE) to read a predetermined proportion or percentage of a
clump of transponders comprising an unknown total number
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of transponders and which clump is stationary relative to a
beam 16 of a reader 12. It has been found that the rate at
which new transponders are read, or, in other words, the rate
at which transponders are read for the first time, exhibit the
characteristic shown at 80 in FIG. 6.

[0051] The method of automatically determining the
expected total read time is illustrated in FIGS. 6 and 7. In a
first step at 90, samples 82.1 to 82.3 of number of new
transponders read per time period (TP1 to TP3) are taken by
a controller connected to the reader. At 94, the sample data
is used by a computing device to compute with the aid of the
characteristic or model of the characteristic an expected total
number (TN) of transponders in the clump. At 96 and
utilizing the sample data, read rate data and the expected
total number of transponder data, an expected total time
period of length TE to read a predetermined percentage of
the expected total number of transponders (% of TN) is
computed. The reader 12 of the system 10 is then caused by
the controller at 98 to continue reading transponders for a
time period=TE, thereby to read the predetermined propor-
tion.

[0052] A typical application of this method may be in a
reading portal (not shown) where a plurality of readers 12
may be housed. The host articles with transponders TR#1 to
TR#n to be read may be located on a fork-lift, for example.
If the transponders are exposed for TE to the reader, the
predetermined percentage of an unknown number of tran-
sponders is expected to be read successfully.

1. A method of monitoring the reading quality of a radio
frequency identification system comprising a reader associ-
ated, in use, with a transmitted beam of radio frequency
energy and a plurality of transponders to be energized by the
energy and each of which intermittently retransmits a
response signal to be read by the reader, the method com-
prising the steps of:

causing the transponders and beam to move relative to

one another;

defining a sequence of groups of transponders in the

beam;

for each transponder in a group, receiving the response

signals transmitted and recording a read count which is
equal to the number of times the response signals was
received and read by the reader while the transponder
is in the beam;

computing a statistical distribution of number of tran-

sponders against read count for the group of transpon-
ders;

processing data associated with the distribution and com-

paring the data to stored historical data relating to a
previously computed distribution for a previous group
in the sequence; and

if in the comparison, a predetermined deviation is estab-

lished, causing a first indication to be provided.

2. A method as claimed in claim 1 wherein the groups are
defined by a sliding window based on time, alternatively
total number of transponders in the group.

3. A method as claimed in claim 1 wherein the data
associated with the distribution comprises data relating to at
least one key value of the distribution selected from the
group comprising average value and standard deviation.

4. A method as claimed in claim 1 comprising the step of,
for each transponder in the group, comparing the read count
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to a first threshold value and if the read count is less than the
first threshold value, to cause a second indication to be
provided.

5. A method as claimed in claim 4 wherein the first
threshold value is a user selectable value and represents a
lower acceptable limit value for the read count of any
transponder.

6. A system for monitoring the read quality of a radio
frequency identification system comprising a reader associ-
ated in use with a transmitted beam of radio frequency
energy and a plurality of transponders to be energized by the
energy and each of which transponders intermittently
retransmits a response signal to be read by the reader, the
system comprising:

a controller connected to the reader and for receiving from
the reader, read data relating to each transponder in the
beam;

a computing device connected to the controller for deter-
mining and recording from the read data and for each
transponder, a read count which is equal to the number
of times that a response signal from the transponder
was received and read by the reader while the tran-
sponder is in the beam;

the computing device being configured to compute a
statistical distribution of number of transponders
against read count;

the computing device further being configured to process
data associated with the distribution;

a comparator for comparing the data associated with the
distribution to historical data stored in a memory
arrangement and associated with a previously com-
puted distribution; and
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an indicator operable by the controller to provide a first
indication if in the comparison, a predetermined devia-
tion is established.

7. A method of reading a predetermined proportion of a
clump of an unknown number of transponders of a radio
frequency identification system, the method comprising the
steps of:

maintaining the clump and an energizing signal beam of
a reader of the system substantially stationary relative
to one another;

during each of a plurality of time periods, taking sample
data relating to a total number of transponders in the
clump read for a first time;

utilizing the sample data to compute an expected total
time to read the predetermined proportion; and

causing the reader to read for the expected total time.

8. A reading system for automatically reading a predeter-
mined proportion of a clump of an unknown number of
transponders of a radio frequency identification system, the
reading system comprising:

a reader which in use is held stationary relative to the

clump;

a controller connected to the reader and configured to
determine during a plurality of time periods, respective
sample data relating to a total number of transponders
in the clump read for a first time;

a computing device for computing from the sample data
atotal time period to read the predetermined proportion
of the transponders; and

the controller being configured to cause the reader to read
transponders for the total time period.

#* #* #* #* #*
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