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(87) Abstract

Multiple previously successful frequencies (33) for a
single electronic shelf label (ESL) are stored (35), and then
this stored information in used to help select each frequency
that may be attempted for communication with that ESL (10).
Thus, the invention increases the probability of success for
the second, third, fourth, etc. frequencies (34) that might
be selected when attempting to communicate with an ESL
(10). The host computer (1) is disposed to save multiple
previously successful frequencies only for ESLs that have been
difficult to communicate with (45). This optimization avoids
unnecessarily storing multiple data items about previously
successful frequencies (43) for ESLs with which it is easy to
communicate.
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TARGETED FREQUENCY SELECTION FOR TWO-WAY WIRELESS
COMMUNICATION SYSTEM
This application claims priority from US application number 60/125,001, filed March

18, 1999, which application is hereby incorporated herein by reference.
BACKGROUND

The invention relates generally to store price display systems controlled by a host
computer that communicates pricing information to individually addressable price display
devices through a low-power, wireless, two-way communication system, and relates more
particularly to reducing communications problems by varying the frequency of signals used to
communicate with ESLs.

An electronic shelf label (ESL) system comprises many individual, addressable ESLs
in a store, typically 15,000 or more. ESLs might be located almost anywhere in a store,
including, but not limited to, shelf edges, peghook displays, produce areas, free-standing
display tables, display cases, wire bins, and other merchandising displays and fixtures.

A wireless ESL system typically comprises one or more ceiling mounted antennas
(Cell Antennas) connected to transceivers that permit two-way communication between the
host computer and the ESLs. Prior art systems for accomplishing this include, but are not
limited to, those disclosed in World Intellectual Property Organization International
Publication Number WO 96/27957, for International Application No. PCT/US96/03065 (the
*’957 Publication™), entitled “LOW POWER TWO-WAY WIRELESS COMMUNICATION
SYSTEM FOR ELECTRONIC SHELF LABELS”, which is hereby incorporated herein by
reference.

The propagation of wireless signals inside a store using a wireless ESL system can be
affected by factors that can change over time, including, but not limited to the relative
positions of Cell Antennas and ESLs; the type, quantity and location of merchandise in the
store; the types and locations of merchandising displays and fixtures; the numbers and
locations of customers; and the presence and locations of carts, baskets and other mobile
objects.

The communications frequencies used in a wireless ESL system can strongly
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influence the propagation of wireless signals inside a store.

In a first case, at a first time, it might be difficult to communicate with a particular
ESL using a first communications frequency but easy to communicate with the same ESL
using a second communications frequency. For example, and not by way of limitation,
destructive interference arisihg from multipath propagation might interfere with transmissions
to or from the ESL at the first frequency but not at the second frequency.

In a second case, a communications frequency that permits reliable communication
with a particular ESL at one time might not permit reliable communication with the same
ESL at a different time. For example, and not by way of limitation, moving objects in the
store might create or destroy reflected propagation paths.

Prior art systems deal with multipath and other propagation problems in various
different ways. A first general approach is to decrease cell size so that each ESL is reachable
by more than one Cell Antenna. When a label is unresponsive in such a system (which may
be due to multipath or other causes), the system then tries a different cell antenna. The
assumption is that the physical objects giving rise to the multipath (or other) effect will be
unlikely to give rise to a multipath node (or to have the same effect) for the different antenna.
A second general approach, the “frequency agile” approach, is to establish several different
frequencies to be used for the downlink and/or uplink and to change communications
frequencies when problems are encountered. For example. the ‘957 Publication suggests two
different methods for selecting a communications frequency

Method 1. a store's central computer could always try a particular frequency first
for all ESLs. and then shift to a second frequency for any labels that failed to respond to the
first frequency. and so on (See ‘957 Publication at page 30 lines 9-12): or

Method 2. a store's central computer could keep note. for each ESL, of the
frequency that worked the last time that ESL was communicated with and each subsequent
attempt to reach that ESL could start with the stored frequency (See ‘957 Publication at page
29 lines 11-18).

Unfortunately. these prior art examples of the frequency agile approach can result in
various inefficiencies.

Method 1, always trying the same frequency first, can waste time (thereby reducing

the effective bandwidth of the wireless system) if an ESL rarely or never is able to
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communicate using that first frequency (or perhaps even the first several frequencies tried for
each message). Method 2 improves upon Method 1, because Method 2 avoids repeatedly
starting with a frequency that rarely or never works for a particular ESL. However, with
Method 2, if the first frequency tried for a message does not work, then the second and
subsequent attempts are no rhore likely to be successful than would be the second and
subsequent attempts of Method 1. That is, Method 2 offers no suggestion of what frequency
to try next if the first attempt fails. Consequently, while Method 2 improves the probability
that the first frequency selected will be successful, it does not improve the probability that the

second or subsequent frequency will be successful.
SUMMARY OF THE INVENTION

The invention improves upon the prior art Method 2 for the frequency agile approach
by storing multiple previously successful frequencies for a single ESL and then using this
stored information to help select each frequency that may be attempted for communication
with that ESL. Thus, the invention increases the probability of success for the second, third,
fourth, etc. frequencies that might be selected when attempting to communicate with an ESL.

The invention also improves upon the prior art by requiring the host computer to save
multiple previously successful frequencies only for ESLs that have been difficult to
communicate with. This optimization avoids unnecessarily storing multiple data items about

previously successful frequencies for ESLs with which it is easy to communicate.
BRIEF DESCRIPTION OF THE DRAWING

The invention will be described with respect to a drawing in several figures, of which

Fig. I shows in block diagram form exemplary components of the store electronic
shelf label system:;

Fig. 2 shows in perspective view an exemplary electronic shelf label:

Fig. 3 shows a flowchart for frequency-agile communication with an electronic shelf
label in accordance with the invention; and

Fig. 4 shows a flowchart for selecting a next frequency in accordance with the
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ivention.

Where possible, like elements have been denoted with like reference numerals.
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Fig. 1 provides context for the invention by showing a general overview of a typical
store electronic shelf label system. In the embodiment shown in Fig. 1, a multiplicity of
electronic shelf labels 10, 10’ etc. are dispersed throughout the store. The ESLs are controlled
by a store central computer 1. The central computer 1 contains records indicative of the
information (e.g. price) that is to be displayed by each ESL. The central computer 1 is
communicatively coupled with the multicell controller 3 by a bidirectional link 2. The
multicell controller 3 is connected via multiple bidirectional data lines 4 to multiple cable
interfaces 5. Each cable interface 5 is connected to a cell controller 7 by a bidirectional cable
6. Each cell controller controls a transmitting antenna 8 and a receiving antenna 12. The
multiple pairs of antennas 8, 12 effectively divide the store into “cells”. Each cell is served
by one pair of antennas 8, 12. Transmitting antenna 8 sends wireless signals 9 to ESLs 10,
10", etc. Dotted lines 9 denote RF energy coupled through the air between the store transmit
antenna 8 and an antenna within the ESLs 10, 10". ESLs 10, 10, etc. receive wireless signals
9, process them, and transmit wireless signals 11 to receiving antenna 12. Dotted lines 11
denote RF energy coupled through the air between ESLs 10, 10" and store receiving antenna
12. Each cell controller 7. each antenna 8. 12, and each ESL 10, 10'. etc.. is capable of
communicating using multiple different carrier frequencies. In a preferred embodiment, such
communication is performed using a spread spectrum signal based upon a carrier frequency
selected by central computer 1.

For purposes of this Application, the phrase “carrier frequency” in the context of a
spread spectrum signal, means the frequency of the RF oscillator whose output is being
spread. For example, and not by way of limitation, the phrase “carrier frequency” as used in
this Application would mean the frequency of oscillator 10 in Fig. I of the ‘957 Publication.

Fig. 2 shows an electronic shelf label 10 with a liquid crystal display 21 suitable for
displaying the price of an item offered for sale in a store. Each ESL 10 may be mounted next

to a relatively unpredictable variety of metal and plastic store shelves, and may be attached
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directly to a metal or plastic rail on the shelf edge. Each ESL 10 also contains a processor, a
battery, an antenna, and analog circuitry relating to sending and receiving information via an
antenna.

Fig. 3 shows a flowchart for frequency-agile communication with an ESL in
accordance with the inventién. In an exemplary embodiment, store central computer 1 selects
31 a first frequency. This selection could be done in any way, including, but not limited to,
always selecting the same first frequency for all attempted communications or always
selecting the last frequency that was successful in communicating between the applicable cell
controller 7 and ESL 10.

Next, cell controller 7 attempts to communicate with ESL 10 by transmitting a
message addressed to ESL 10 using the first frequency and then listening for a response from
ESL 10.

If cell controller 7 receives a response from ESL 10. then central computer ]
determines 33 that the communication was successful and stores 35 information which
indicates that cell controller 7 successfully communicated with ESL 10 using that frequency.
(Note that different frequencies might work differently for different cell controllers even
when communicating with the same ESL.) This information could be stored in any way that
will later allow central computer 1 to recall what frequencies have been successful for
communicating between cell controller 7 and ESL 10. For example, and not by way of
limitation, this information could be stored as (i) a list, where each element of the list
identifies at least a cell controller, an ESL and a successful frequency or (ii) a three
dimensional array in which (a) the first dimension identifies a cell controller. the second
identifies an ESL and the third identifies a frequency and (b) each cell in the array contains at
least one element that is set to a specified value if communication between the applicable cell
controller and the applicable ESL is successful at the applicable frequency. What is
important is that central computer 1 is able to recall frequencies that have been successful for
communicating between a particular cell controller and a particular ESL.

If cell controller 7 does not receive a response from ESL 10, then central computer 1
determines 33 that the communication was not successful and selects 34 a next frequency to
try. (Fig. 4, discussed below, shows a flowchart for one method of making such a selection.)

Cell controller 7 then attempts 32 to communicate with ESL 10 using the new frequency.
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This process can be repeated as many times as necessary until cell controller 7 successfully
communicates with ESL 10. Once the communication is successful, then, as described
above, central computer 1 stores 35 information which indicates that cell controller 7
successfully communicated with ESL 10 using the last frequency tried.

In an alternative embodiment of the invention, the first frequency is selected using the
method illustrated in Fig. 4. In another alternative embodiment, the first frequency is always
selected based upon previously stored successful frequencies

Fig. 4 shows a flowchart for selecting a next frequency to use for communicating
between a cell controller 7 and an ESL 10 in accordance with one embodiment of the
invention.

First, central computer 1 examines information stored in its memory to determine 41
whether ESL 10 has previously been “marked” as a “Targeted RF ESL”. For purposes of this
application, an ESL is marked as a Targeted RF ESL if information stored in the system will
cause the central computer 1 to determine that the ESL is so marked. For example, and not
by way of limitation, central computer 1 might mark ESL 10 as a Targeted RF ESL by setting
a bit in a binary array or by adding it to a list of ESLs. Note that if multiple cell controllers
are able to communicate with a particular ESL, then that ESL might be a Targeted RF ESL
with respect to one such cell controller but not the other.

If ESL 10 has been marked as a Targeted RF ESL, then central computer 1 selects 42
a next frequency to try based upon previously successful frequencies stored in central
computer 1. For example. and not by way of limitation. the central computer could be
programmed to select only frequencies that match predetermined selection criteria given the
saved set of successful frequencies for ESL 10. For example, and not by way of limitation.
the predetermined selection criteria could be limited to an exact match with a previously
successful frequency or could be extended to include frequencies that are within a particular
range of one of the saved successful frequencies.

If ESL 10 has not been marked as a Targeted RF ESL. then central computer 1
determines 43 whether the communication success rate between cell controller 7 and ESL 10
is sufficiently high. This determination could, for example, and not by way of limitation, be
based upon an automated algorithm or user selection. For example, and not by way of

limitation, a communications success rate could be deemed insufficient if some
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predetermined percentage of attempted communications failed during some predetermined
interval or if some predetermined number of attempted communications failed during some
predetermined interval.

If the communication success rate is sufficiently high, then central computer 1
selects 44 the next frequency using a normal sequence of frequencies.

If the communication success rate is not sufficiently high, then central
computer 1 marks 45 ESL 10 as a Targeted RF ESL and selects 42 a next frequency based
upon previously successful frequencies stored in central computer 1 as described above.

In an alternate embodiment of the invention, the next frequency is always selected
based upon previously stored successful frequencies for the applicable cell controller 7 and
ESL 10, and steps 41, 43, 44 and 45 are eliminated.

Those skilled in the art will appreciate that numerous obvious modifications and
variations could be made to the invention without departing from it in any way. All these
obvious modifications and variations are intended to be encompassed within the scope of the

claims.
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CLAIMS
We claim
1. A method comprising
(a) for each of one or more successful frequencies
(1) transnﬁtting a message addressed to a first address using such

successful frequency as a carrier frequency,
(i)  receiving a reply to such message using such successful frequency as a
carrier frequency, and
(iii)  storing such successful frequency;
(b) selecting a first carrier frequency;
(c) transmitting a first message addressed to the first object using the first carrier
frequency;

(d) listening for a reply to the first message using the first carrier frequency;

(e) not receiving a reply to the first message using the first carrier frequencys;

() selecting a second carrier frequency based upon the successful frequencies.
2. The method of claim 1, wherein the second carrier frequency is one of the successful
frequencies.
3. The method of claim 1, wherein the second carrier frequency differs by no more than

a predetermined amount from at least one of the successful frequencies.

4. The method of claim 1, wherein the second carrier frequency is selected based upon

more than one of the successful frequencies.

5. A method comprising
(a) for each of one or more successful frequencies
(1) transmitting a message addressed to a first address using such

successful frequency as a carrier frequency.
(i1) receiving a reply to such message using such successful frequency as a

carrier frequency, and
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(iii)  storing such successful frequency;
(b) after step a, selecting a next carrier frequency based upon the successful
frequencies, where the next carrier frequency is not equal to a last carrier frequency used to

receive a reply to a transmitted message addressed to the first address.

6. The method of claim 5, wherein the next carrier frequency is one of the successful
frequencies.
7. The method of claim 5, wherein the next carrier frequency differs by no more than a

predetermined amount from at least one of the successful frequencies.

8. The method of claim 5, wherein the next carrier frequency is selected based upon

more than one of the successful frequencies.

9. A system comprising
a transmitter;
a receiver;
one or more storage elements, each of which contains information that identifies a
frequency for which both
(1) the transmitter transmitted a message addressed to a first address using
such frequency as a carrier frequency and
(11) the receiver received a reply to such message using such frequency as a
carrier frequency;
a control means, communicatively coupled to the transmitter, the receiver and the
storage elements, for
(1) causing the transmitter to transmit a first message addressed to a first
address using a first carrier frequency;
(i1) causing the receiver to listen for a reply to the first message using the
first carrier frequencys;
(iii)  if no reply to the first message is received within a predetermined time

interval after the first message is transmitted, causing the transmitter to transmit a second
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message addressed to the first address using a second carrier frequency that is selected based

upon the contents of the storage elements.

10. The system of claim 9, wherein the second carrier frequency is a frequency identified

by information contained in one of the storage elements.

11. The system of claim 9, wherein the second carrier frequency differs by no more than a
predetermined amount from a frequency identified by information contained in at least one of

the storage elements.

12. The system of claim 9, wherein the second carrier frequency is selected based upon

the contents of more than one of the storage elements.

13. A system comprising

a transmitter;

a receiver;

one or more storage elements, each of which contains information that identifies a
frequency for which both

(1) the transmitter transmitted a message addressed to a first address using
such frequency as a carrier frequency and

(i1) the receiver received a reply to such message using such frequency as a
carrier frequency:

a control means, communicatively coupled to the transmitter and the storage elements.
for causing the transmitter to transmit a message addressed to the first address using a next
carrier frequency that both (i) is selected based upon the contents of the storage elements and
(ii) is not equal to a last carrier frequency used by the receiver to receive successfully a

response to a message addressed to the first address that was transmitted by the transmitter.

14. The system of claim 13. wherein the next carrier frequency is a frequency identified

by information contained in one of the storage elements.

10
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15. The system of claim 13, wherein the next carrier frequency differs by no more than a

predetermined amount from a frequency identified by information contained in at least one of

the storage elements.

16.  The system of claim 13, wherein the next carrier frequency is selected based upon the

contents of more than one of the storage elements.

11
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