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METHODS AND APPARATUS FOR ERROR
DETECTION AND CORRECTION OF AN
ELECTRONIC SHELF LABEL SYSTEM
COMMUNICATION ERROR

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shoWs a block diagram of a transaction manage

ment system in accordance With the present invention;
FIG. 2 is a block diagram of an ESL in accordance With

FIELD OF THE INVENTION

the present invention; and
FIG. 3 shoWs a method of detecting and correcting

The present invention relates generally to improvements
in electronic shelf label (ESL) systems used in transaction
establishments. More speci?cally, the present invention
relates to improvements in methods and apparatus for
detecting and correcting communication errors Which result

communication errors in accordance With the present inven
tion.
10

DETAILED DESCRIPTION

The present invention noW Will be described more fully

in data errors in an ESL’s registers or memory.

BACKGROUND OF THE INVENTION

15

ous forms and should not be construed as limited to the

ESL systems typically include a plurality of ESLs for each
merchandise item in a store. ESLs display the price of
corresponding merchandise items on store shelves and are

typically attached to a rail along the leading edge of the

20

conjunction With the present invention are found in US.

to a central server Where information about the ESLs is

While prior ESL systems provide many of the capabilities
required by retailers, these systems may suffer from various
disadvantages. For eXample, While communication betWeen
the central server and the ESLs is quite reliable, occasionally
noise or other interference cause the central server to detect
a particular response When another response, or no response
at all, Was transmitted by the ESL. Such an error may cause

the central server to believe an ESL is correctly displaying

25

30

35

40

tion Base Station and Timeslot an Electronic Shelf Label”

and US. patent application Ser. No. 10/044,689, ?led Jan.
11, 2002, entitled “Methods and Apparatus for Error Detec

memory With the correct data.

tion and Correction in an Electronic Shelf Label System”, all
of Which are assigned to the assignee of the present inven
45

The present invention advantageously provides methods
and apparatus for an improved electronic shelf label (ESL)
system. The present invention provides an ESL system and
method that automatically detects ESL communication
errors Which may result in the ESL containing incorrect data
in the ESL’s registers, and then automatically takes correc
tive action to update the ESL’s memory With the correct
data. In one aspect, a host computer transmits a register
update message to an ESL. If a negative acknowledgement
message or no response is received, then the host computer
may resend the register update message, or take other such
action. If the host computer receives a positive acknoWl
edgment message, or What appears to be a positive acknoWl

55

edgement message, the host computer then automatically

60

tion and incorporated by reference herein in their entirety.
FIG. 1 shoWs a transaction management system 100 in
accordance With the present invention. The system 100
includes an ESL computer system 102 and a point-of-service
(POS) system 114. Here, components 102 and 114 are
shoWn as separate components that are netWorked together,
but they and their subcomponents may also be combined or
divided in various Ways.
The host computer system 102 includes an ESL table 109,
spool tables 104, data reader 108, ESL manager 110, a client
application 106 and a communication base station (CBS)
manager 112. POS system 114 includes a price look-up
(PLU) ?le 118 and POS terminals 116.
The system 100 also includes CBSs 120 and ESLs 122.
The CBSs 120 may be suitably mounted in or near the

transmits one or more messages to the ESL to verify the

contents of the ESL’s registers to ensure that a positive

ceiling of the retail establishment. ESLs 122 are typically
attached to store shelving adjacent to items.
The ESL manager 110 records and schedules messages to
the ESLs 122. The ESL manager 110 monitors and maintains

acknowledgement Was actually transmitted.
A more complete understanding of the present invention,
as Well as further features and advantages of the invention,

?led Jan. 11, 2002, entitled “Methods and Apparatus for
Automatically Locating an Electronic Shelf Label”, US.
patent application Ser. No. 10/044,440, ?led Jan. 11, 2002,
PoWer in an Electronic Shelf Label”, US. patent application
Ser. No. 10/044,688, ?led Jan. 11, 2002, entitled “Methods
and Apparatus for Automatic Assignment of a Communica

provide an ESL system and method that automatically

SUMMARY OF THE INVENTION

tion Ser. No. 10/044,610, ?led Jan. 11, 2002, entitled “Meth
ods and Apparatus for Intelligent Data Bedcheck of an
Electronic Shelf Label”, US. patent application Ser. No.
10/044,020, ?led Jan. 11, 2002, entitled “Methods and
Apparatus for Reduced Electronic Shelf Label PoWer Con

entitled “Methods and Apparatus for Conserving Battery

correct information. Therefore, it Would be desirable to
detects ESL communication errors Which result in the ESL

patent application Ser. No. 10/044,021, ?led Jan. 11, 2002,
entitled “Methods and Apparatus for Performing Delta
Updates of an Electronic Shelf Label”, US. patent applica

sumption”, US. patent application Ser. No. 10/044,439,

information, When in actuality the ESL is not displaying the

containing incorrect data in the ESL’s registers, and then
automatically takes corrective action to update the ESL’s

embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure Will be thorough and
complete, and Will fully convey the scope of the invention
to those skilled in the art.
Further details of an ESL system suitable for use in

shelves. A store may contain thousands of ESLs to display
the prices of the merchandise items. The ESLs are coupled
typically maintained in an ESL data ?le Which contains ESL
identi?cation information and ESL merchandise item infor
mation. The central server sends messages, including price
change messages, to the ESLs.

With reference to the accompanying draWings, in Which
several presently preferred embodiments of the invention are
shoWn. This invention may, hoWever, be embodied in vari

65

an action list for the ESLs 122 utiliZing spool tables 104, and
provides a scheduling function for time related events Which

Will be apparent from the folloWing detailed description and

need to occur at a future point at time. Items on the action

the accompanying draWings.

list may be provided from client components as requests for
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Work, may be automatically generated by the ESL manager

sages and a receiver 207 for receiving messages. The
transmitter 206 and receiver 207 may utiliZe RF communi

110, or could be due to requests that required additional
processing at a later date, such as, for example, a series of

cation, IR communication, a Wired link or some combination

sale prices to be represented at the tags at given times. Based

of communication techniques. Abattery 208 provides poWer

on the events the ESL manager 110 has scheduled for an ESL

for the operation of ESL 122. The operation of ESL 122 is
controlled by ESL circuitry 204. ESL circuitry 204 decodes

122, the ESL manager 110 creates the appropriate request
and sends the request to the CBS manager 112. The requests
may include register or memory updates of an ESL 122,
diagnostic requests such as bedchecks, location requests
such as ?nds, assignments to a particular timeslot, and the

incoming messages received, and performs any actions
indicated by the messages. For eXample, if a price change
message is received, the ESL circuitry 204 Would cause the
display 202 to be updated With the neW price information.

like. Based on the response returned from the ESL 122 via

ESL memory 210 includes a plurality of registers, such as

the CBS manager 120, the ESL manager 112 then updates
the ESL table 109 and spool tables 104 as appropriate. Such
updates may include marking a particular task as completed,
updating the data image of the ESL 122, and the like. A
client application, such as client application 106, may inter
face With the ESL manager 110. The data reader 108

registers 210a, 210b, . . . , 210c. The ESL memory 210 may

contain many types of information. For eXample, the
memory 210 may include display registers Which contain the
15

provides an interface from the ESL manager 110 to the POS

system 114.
The CBS manager 112 is responsible for all communica
tions, processing, and monitoring of the CBSs. The CBS
manager 112 receives information intended to be transmitted
to the ESLs 122 and processes it into a form appropriate for
use by the CBSs 120 and ESLs 122. The CBS manager 112
processes the response of a particular ESL 122 after a CBS
120 has received that response and then passed that response
to the CBS manager 112. Additionally, the CBS manager

actual teXt to be displayed by the ESL 122. This teXt may
include item price, informative or promotional teXt, teXt
directed to store employees, and the like. Other registers
may contain data Which controls various parameters related
to the display of the teXt, such as display register selection
and timing sequences, for eXample. The ESL 122 may also
include a button 212 Which may be depressed to initiate a

particular function, such as, for eXample, the display of an
alternate message.
When the host computer 102 sends a message, such as a
25

register update message, to an ESL 122, the ESL 122

responds With a positive acknoWledgement (ACK) message
if the register update message Was successfully received.

112 monitors the CBSs 120 for problems, performs diag

While communication betWeen the host computer 102, or

nostics on the CBSs 120 and logs errors.
The messages are sent to the CBSs 120 through commu

or other interference may cause the host computer 102 to

CBSs 120, and the ESLs is quite reliable, occasionally noise

nication link 124. Communication link 124 may suitably

utilize radio frequency (RF) communication, infrared (IR)

detect an ACK message When a negative acknoWledgement
(NACK) message, or no response at all, Was transmitted by

communication, a Wired link, or some combination of com

the ESL 122. Such an error, or false positive, may cause the

munication techniques. After receiving a message from the
host system 102, the CBSs 120 then transmit the message to
the ESLs 122 utiliZing communication link 126, Which may
suitably utiliZe RF communication, IR communication, a

35

not being correctly received by the ESL 122.
The present invention provides an ESL system and
method that automatically detects ESL communication

Wired link or some combination of communication tech

niques. In an alternate embodiment, host system 102 may
communicate directly With ESLs 122.

40

errors Which result in the ESL containing incorrect data in

the ESL’s registers, and then automatically takes corrective

After receiving a message, the ESLs 122 transmit a
response to CBSs 120 over communication link 126. The
CBSs 120 Would then process and retransmit the response
message to the CBS manager 112 over communication link

124.

host computer 102 to believe an ESL is correctly displaying
information, When in actuality the ESL 122 is not displaying
the correct information due to the register update message

action to update the ESL’s memory With the correct data. In
one aspect, the host computer 102 transmits a register update
message to an ESL 122. If a NACK message or no response
45

The ESL data ?le 109 consists of multiple records, With

is received, then the host computer may resend the register
update message, log an error message to a human operator,
or take other such action in accordance With the retail

each record corresponding to a particular ESL 122 in a retail
establishment. The record for each ESL 122 includes a

establishment’s operating procedure. If the host computer

number of ?elds, With each ?eld containing the data Which

102 receives an ACK message, or What appears to be an

is supposed or assumed to be in one of the registers of the
ESL 122. Thus, the record contains a picture, or full data
image, of What data is intended to be stored in the ESL 122,
and consequently, What the ESL 122 should be displaying on
the ESL’s display. Additionally, each record may include a

ACK message, the host computer 102 then automatically

variety of additional non-display information related to the

transmits one or more messages to the ESL 122 to verify the

contents of the ESL’s registers.
In a preferred embodiment, one or more bedcheck mes
55

sages may be transmitted by the host computer 102 to the
ESL 122 Which veri?es that the data contained in the ESLs
registers matches the data for that ESL contained in a host
computer ?le, such as the ESL data ?le 109. Each data

ESL 122, such as the timeslot the ESL 122 listens on, the
CBS 120 assigned to the ESL 122, and the PLU number of
the item associated With the ESL 122. The record may also

bedcheck message contains a sumcheck or error checking

contain diagnostic and tally information related to that ESL

code, such as a cyclical redundancy check (CRC), of register

122, such as When the last time a message Was sent to the

data in the ESL data ?le 109. In other Words, the sumcheck
is a number calculated using the register data in the host
computer ?le Which corresponds to the data Which should be
stored in the registers of ESL 122. The data bedcheck

ESL 122, the last time the ESL 122 had a data bedcheck, a
count of hoW many times the ESL 122 has failed its data

bedcheck, and the like.
FIG. 2 shoWs a block diagram of an eXemplary ESL 122

in accordance With the present invention. A display 202
displays information, such as item price and related data.
ESL 122 includes a transmitter 206 for transmitting mes

message requests that the ESL compare the received sum
65

check With a sumcheck calculated using the data actually
contained in the ESL. If the received sumcheck matches the
calculated sumcheck, the ESL 122 responds to the data

US 7,007,219 B2
5

6

bedcheck message with an ACK. If the received sumcheck

present invention. Thus, it is intended that the present

does not match the calculated sumcheck, the ESL 122
responds to the data bedcheck message with a NACK.

invention cover the modi?cations and variations of this

invention provided they come within the scope of the

If a NACK message or no response is received in response

appended claims and their equivalents. For eXample, while

to the bedcheck message, then the host computer 102

a presently preferred embodiment utiliZes an ESL to display

assumes that the ?rst ACK was an error or a “false positive.”

informational teXt or price of an associated item, an ESL

The host computer 102 may then retransmit the register

system may utiliZe ESLs in a variety of applications and
environments without departing from the spirit and scope of
the present invention.

update message, log an error message to a human operator,
or take other such action in accordance with the retail
establishment’s operating procedure. If a NACK message or
no response is received in response to the retransmitted
message, the host computer may then provide an error
indication to a human operator indicating an ESL commu

10

1. A method of automatically detecting and correcting
communication errors which result in incorrect storage of

data in an electronic shelf label’s (ESL’s) registers, the
method comprising the steps of:

nication problem.
If an ACK message is received in response to the bed
check message, then the host computer 102 assumes that the

15

?rst ACK was a valid acknowledgment and no further action

is taken.
In a typical retail environment, the host computer 102
transmits messages to and receives responses from a plu

rality of ESLs 122. The host computer may log the number
of “false positives” received from each of the plurality of
ESLs 122 over a period of time in order to provide a
statistical record of which ESLs 122 may be more prone to
communication failure. For eXample, if a store averages one 25

“false positive” per ESL 122 per month and communication
with a particular ESL 122 in that store results in 15 false
positives per month, the host computer may provide an error

indication to the system operator. The system operator may
then take action to determine the source of the communi

cation problem.

35

(e) waiting for a response to the veri?cation message; and
(f) if the response to the veri?cation message indicates
that the contents of the ESL’s registers match the
eXpected contents as maintained by the host computer,
logging the initial message as successfully received.
2. The method of claim 1 further comprising the step of:
(g) if the response to the veri?cation message is a negative
acknowledgement or no response is received by the

a negative acknowledgement or no response is received

by the host computer, providing an indication of a

communication problem.

step 304, the host computer waits for a response to be
transmitted from the ESL. If a NACK message or no

takes some form of corrective action, such as resending the
register update message, logging an error message to a
human operator, or other such action in accordance with the
retail establishment’s operating procedure. If an ACK mes
sage, or what appears to be an ACK message, is received by

ting the initial message;
(d) if the response is interpreted by the host computer as
a positive acknowledgement, transmitting a veri?cation
message to verify the contents of the ESL’s registers;

3. The method of claim 1 further comprising the step of:
(h) if the response to the retransmitted initial message is

message, such as a register update message, to an ESL. In

response is received by the host computer system, then the
method continues to step 306. In step 306, the host computer

(a) transmitting an initial message from a host computer
to the ESL;
(b) waiting for a response to the initial message;
(c) if the response is a negative acknowledgement or no
response is received by the host computer, retransmit

host computer, retransmitting the initial message.

FIG. 3 shows a method 300 of automatically detecting and
correcting communication errors in an ESL system in accor

dance with the present invention. In step 302, a computer
system, such as host computer system 102, transmits a

We claim:

40

4. The method of claim 1 wherein the initial message is a
command to update at least one of the ESL’s registers.
5. The method of claim 1 wherein the veri?cation mes
sage is a data bedcheck message.

6. The method of claim 1 wherein the step of transmitting
a veri?cation message immediately follows the receipt of the

positive acknowledgement.
45

the host computer system in step 304, the method continues
to step 308. In step 308, the host computer automatically

7. An electronic shelf label (ESL) system comprising:
an ESL for displaying information relating to an item

associated with the ESL, the ESL including a plurality

transmits one or more messages to the ESL to verify the

of registers for storing data, the data including infor

contents of the ESL’s registers. In a preferred embodiment,

mation to be displayed by the ESL and parameters used
by the ESL to control presentation and formatting of the
information displayed; and

a bedcheck message may be transmitted to the ESL to verify

that the contents of the ESL’s registers match the data for
that ESL contained in the host computer system. In step 310,

a host computer system transmitting an initial message to
the ESL, waiting for a response to the message, retrans

the host computer waits for a response. If a NACK message

or no response is received by the host computer system, then
the method continues to step 306. If an ACK message is 55

mitting the initial message if the response is a negative
acknowledgement or no response is received, and

received by the host computer system in step 310, the
method continues to step 312. In step 312, the host computer
logs the original message as successfully sent.
At optional step 314, steps 302 through 312 are repeated
a plurality of times. At optional step 316, statistical data is

transmitting a veri?cation message to verify the con
tents of the ESL’s registers if the response to the initial
message is interpreted by the host computer as a

positive acknowledgement, the host computer being
operative to evaluate a response to the veri?cation
message to determine if the response indicates that the

tabulated of the number of times a negative acknowledge

contents of the ESL’s registers match the expected

ment or no response was received. At optional step 318, if
the number eXceeds a threshold, an error indication is

contents as maintained by the host computer.
8. The system of claim 7 wherein the host computer waits

provided.
It will be apparent to those skilled in the art that various
modi?cations and variations can be made in the present

invention without departing from the spirit and scope of the

65

for a response to the veri?cation message, and if the
response to the veri?cation message is a positive acknowl

edgement, logs the initial message as successfully received.

US 7,007,219 B2
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(f) if the response to the veri?cation message indicates
that the contents of the ESL’s registers match the
eXpected contents as maintained by the host computer,
logging the initial message as successfully received.
13. The method of claim 12 further comprising the step of:
(g) if the response to the veri?cation message is a negative
acknowledgement or no response is received by the

9. The system of claim 7 wherein the message is a
command to update at least one of the ESL’s registers.
10. The system of claim 7 wherein the veri?cation mes
sage is a data bedcheck message.

11. The system of claim 7 wherein the step of transmitting
a veri?cation message immediately follows the receipt of the

positive acknowledgement.
12. A method of automatically detecting and correcting
communication errors which result in incorrect storage of

data by an electronic shelf label’s (ESL’s) registers, the
method comprising the steps of:

10

a negative acknowledgement or no response is received

by the host computer, providing an indication of a

(a) transmitting an initial message from a host computer
to an ESL, the initial message containing data to be

communication problem.
15. The method of claim 13 wherein steps (a) through (g)

stored in one or more registers of the ESL;

(b) waiting for a response to the initial message;
(c) if the response is a negative acknowledgement that the
data was not correctly stored or no response is received

host computer, retransmitting the initial message.
14. The method of claim 13 further comprising the step of:
(h) if the response to the retransmitted initial message is

15

are repeated a plurality of times and further comprising the

step of:
tabulating statistical data of the number of times the

by the host computer, retransmitting the initial mes

response was a negative acknowledgement or no

sage;

response was received; and providing an error indica
tion of if the number eXceeds a threshold.

(d) if the response is interpreted by the host computer as
a positive acknowledgement that the initial message
was received and the data correctly stored, transmitting
a veri?cation message to verify the contents of the

ESL’s registers;
(e) waiting for a response to the veri?cation message; and

16. The method of claim 12 wherein the step of trans
mitting a veri?cation message immediately follows the

receipt of the positive acknowledgement.

