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FIG. 12C
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FIG. 17
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| |ResToRED | | | TIMEPERFORMANCE | : TO REWORK LINE :
L J -{ b -
XAS CONFIRMS THE VALIDATION
BY PERFORMING AS MANY READ
CYCLES AS POSSIBLE

!

WHEN THE LAST CASE FOR THE
PALLET IS VALIDATED, XAS CAN
SEND THE PALLET COMPLETE

TO RFID SOFTWARE
XAS SENDS A STATUS MESSAGE
GO TO SUBSYSTEM 8
-FAILED TAGS TO » TO RFID SOFTWARE TO UPDATE
REWORK LINE THE STATUS OF THE TAG

{VERIFIED OR FAILED)
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FI1G. 18
FAILED TAGS TO REJECT LINE
% USER @7 VACHNE T SYSTEM
INTERFACE \~\J INTERFACE INTERFACE
:' ____________ ': TRIGGER
| PLC FAILURE - DIVERT ARMTO |«
| PLC NOT CONNECTED / I REWORKLINE FROM
| | NOT SENDING INFORMATION | | )
EXANPLE2 SUBSYSTEM 7
| I VERIFY APPLIED
| I MANUAL CASE TAG
| @ | | 1 CONVEYOR
| | STOPS, BEACON
| , LIGHT FLASHES
| OPERATOR ACTION I
I USER WILL NEED TO I
| VERIFY POWER/ |
| | CONNECTIONSTOTHEPLC | |
| I
L ———————————— J "
{ NEW RFID CASE ID IS
EXAMPLE 2 MANUAL GE&[’“OEIEFAVLE\EEBX&'; D
PERATOR RECOVERS FAILED CASE
0 ORRECO ; S CAS FAILED TAG RFID
NUMBER STATUS IS
EXAMPLE 2 MANUAL UPDATED TO "FAILED"
UI ALLOWS OPERATOR
TO RE-START CONVEYOR
[ 1 CONVEYOR
I | 1) NETWORK DOWN n MOVES FAILED
| | 2)RESPONSE TIMEOUT T CASES TOXARM [*
: 1) THE NETWORK : INDUCTION
| | COMMUNICATION FALLS |
| | 2 THE REQUESTED ACTION |
| L_TIMED ouT |
I 1) 2) I
| I
NCICH
| I
| I
| [ OPERATOR ACTION I
| | 1)USER CANNOT CONTINUE I 5070
I | UNTIL NETWORK I SUBSYSTEM 9.
| | CONNECTIVITY ISRESTORED |1 ccriove FAILED
| | 2)USERWILL RECEIVE A I TAG AND RETRY
| | MESSAGE TO TRY THE I
I | ACTION AGAIN I
| ——— _ _ ____ ]
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-REMOVE FAILED TAG AND RETRY
% USER MACHNE (T SYSTEM
INTERFACE = ‘ INTERFACE INTERFACE
FROM SUBSYSTEM  ———— i
8- FAILED TAGS TO I~ FAILED TAG NOT REMOVED |
REWORK LINE | | OPERATORDOESNOT | |
(ANY OPTION) | REMOVEFALEDTAG | | | [ —~— —~ N
1 | | FROMREWORKCASE [ I | | Foxé\:h\"‘{'&;ggé[) I
OPERATOR REMOVES BAD : I :< A VALUE ONTHE :
TAGFROMCARTON [ XAS NOT | | RFDTAG.IFITIS |
___________________ | AWARE | | | FOUNDTHECASE |
3 T | | | WILLBEPASSED. |
i :_ MANUAL DATA LOG _: i : OPERATOR ACTION : : OTHER LABELS :
. . READER VALIDATION WILL PRESENT WILL BE
i | OPERATORSAVES ! i : LIKELY FAIL AGAIN IF IT SEES : | |GNORED TO :
i L__ BTAG _ _ 1| || TWOTAGSONTHECASE, || | ! PREVENTCROSS |
{3 """ 1| || THuscomNgBACKTO || : TALK TO ADUACENT |
| | MANUALDATALOG | i | | | REWORKTOBEDONE || | | PRODUCTWHLE
| bl CORRECTLY | || OPTMZNG |
! :_ FAILURE REASON | bt —_—_—— — — — - : PERFORMANCE |
1 - _——== [ Y
Y s T b I I
- —i ), | PEPSICODATALOGGING | | | OVERCAPPING
N OPTIONS ! | TAGS SHADOW |
OPERATOR REPLACES W\ { | | OUTEACHOTHER.. |
THE CARTON ON THE \ ATHEREWASAPRNTER | | -——————
INDUCT CONVEYOR FOR \  JAM,NO TAG WASAPPLIED |
PARETAGGING ! B.TAG IS NOT ON CASE |
T |  BECAUSE IT FELL OFF |
| (ADHESIVE FAILURE) ]
FAILURE DATA | C.TAGWASPHYSICALLY 1
CAPTURED BY RFID ' DAMAGED :
SOFTWARE IS FAILED I D, TAG GOT APPLIED IN :
STATUS AND PIA BAD | THE WRONG LOCATION i
TAG COUNT I AND COULDNOT BEREAD !
¥ ! E.NOOBVIOUSREASON |
GO TO SUBSYSTEM i_ FOR THIS TAG FAILURE J:
10-REPALLETIZE | | | ~~=""7TTTTTTTTTTTTTTS
TAGGED CASES

FIG. 19
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FIG. 20A-1

PALLETIZE TAGGED CASES (EXAMPLE 1 AND EXAMPLE 2 MANUAL)

% USER MAGHINE SYSTEM
INTERFACE ‘ INTERFACE INTERFACE
N I
FROM SUBSYSTEM
7 -VERIFY APPLIED ) .
CASE TAG (PASSED) ) Q1 AND Q2 WILL HAVE 4 |
7 / MANUAL STATIONS, i ________________
XASWILLBRING |,/ EXAMPLE 2WILL HAVE 1 | NEXT PALLET
TAGGED CASESTO [ STATION IS
"ACTIVE" OUTBOUND SELECTED
STATIONANDWILL  [T[F====2II1C - AUTOMATICALLY
LIGHTBEACON || = T7TTmmee——e FROM A PRE-SET
T 7 SEQUENCE
r—————|=———- -
OPERATOR REMOVES I 4 | USER MUST SET THE
AGGREGATED TAGGED I CARTON DAMAGE I SEQUENCE IN THE
CASES FROM THE | [ operaTOR DAMAGES | ! XAS SETUP
CONVEYOR ' CARTON WHILE '
| I RremoviNg cARTON | !
: AFTER TAGGING :
| |
| XAS NOT |
I : AWARE :
TI HI GRAPHIC | |
INFORMATION IS I OPERATOR ACTION I
PRESENTED TO THE | | DAMAGE DISCOVERED | |
OPERATOR ON THE | | AFTERRFIDTAGGING | !
OUTBOUND U ' IS HANDLED AT THE '
i : REWORK STATION :
OPERATOR CORRECTLY | |
STACKS TAGGED
CARTONS ON THE
PALLET UNTIL
COMPLETE

TO FIG. 20A2
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ONCE A PALLET IS
STARTED, THE
OPERATORS SHOULD
FINISH THE PALLET

TO STOP WORKING,
THE OPERATORS CAN
SIMPLY STOP AND LET

THE LINE STOP. THE

LINE WILL RE-START

WHEN CASES ARE
INDUCTED OR
PALLETIZED

OPERATOR RECEIVES
UI MESSAGE ASKING
FOR CONFIRMATION

OF END OF PALLET

v

OPERATOR CONFIRMS
END OF PALLET BY
PRESSING "BUTTON"
ON GUI

v

GO TO SUBSYSTEM
11 -WRITE / VERIFY
PALLET TAG

XAS INTERFACES WITH
CONVEYOR PHOTO
EYE COUNTERS

PLC FAILURE

PLC NOT CONNECTED/
NOT SENDING
INFORMATION

OPERATOR ACTION
USER WILL NEED
TO VERIFY POWER/
CONNECTIONS TO
THE PLC

r—=—=—= =

XARM OUTBOUND
Ul WILL "KNOW"
END OF CURRENT
PALLET SO THAT
THE Tl HI OF NEW
SKU CAN BE
DISPLAYED WHEN
NEEDED, NOT ON

HE WRONG SKU

e o o —— -
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FIG. 20B-1

AUTO PALLETIZE TAGGED CASES (EXAMPLE 2)

USER ﬁ, MACHINE SYSTEM
INTERFACE / INTERFACE ) INTERFACE

FROM SUBSYSTEM !
7 -VERIFY APPLIED EXAMPLE 2
CASE TAG CONVEYOR MOVES IS
(PASSED) CASES TOWARD THE THIS ANEW
| AUTO PALLETIZER F’AL7LET
EXAMPLE 2 NEW PALLET

CASE RFID LABEL IS

READ AT THE INPUT
ALL CASES \ YES

CONTROL POINT TO
THE PALLETIZER ON PALLET
PALLETIZER
OPERATOR MARQUEE I I\
MESSAGE "ERROR - | _ NOT ALL CASES ON PALLET I\
PARTIAL PALLET" [* _
ACKNOWLEDGE " ERROR CASE IS
REQUIRED COUNTED, BUT |
T : TAG LIST IS I
| EMPTY |
OPERATOR MANUALLY | peNore) |
EJECTSPALLET || | Lb————=—
NEW SKU SKU

CHANGING
?

Y
PALLETIZER l ‘
OPERATOR MARQUEE EXAMPLE 2
MESSAGE CONVEYOR FEEDS
"SET UP FOR SKU CASES INTO THE
THHHHRHHEHAHR PALLETIZER
ACKNOWLEDGE
REQUIRED v
| )

TO FIG. 20B-2
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FI1G. 20B-2
TO FIG. 2081
| | | 1
| | | : : I | |
| PALETISBULT | |
/| BYPALLETIZER i
i I
__________________ - /:/ vy I
| /|
PALLETIZER Ly PALLET MOVES OUT TO |
, THE PALLETIZER |
MALFUNCTION / OPERATOR STATION
(SEE SUBSYSTEM 10X) |
IF THE PALLETIZER 1 I
JAMS OR BREAKS AND PALLET LPN IS PRINTED |
CANNOT BE FIXED, THE
AS SOON AS LAST CASE |
CONVEYOR WILL BACK
IS COUNTED IN LPN IS
UPTO THE SAS AND APPLIED BY HAND
STOPIT ‘ 5010
|
! SUBSYSTEM
IN THE MIDDLE OF THE PALLET MOVES TO THE 10X PALLETIZER
PROCESS, THE Ul WILL MAIN CONVEYOR, FAILURE DEATAIL
OFFER A "SWITCH THE HEADED TO STRETCH
MANUAL STA" OPTION WRAPPER :
ALL CASES DESTINED ' :
FOR AUTO-PALLETIZER PALLET IS |
MUST BE CLEARED AUTOMATICALLY |
FROM CONVEYOR STRETCHED WRAPPED |
BEFORE NEXT T |
AUTO-FI;,OEIEI;_ELIZER IS 5070 :
] SUBSYSTEM 11 |
r S ]
ALL PARTIAL PALLETS
ARE BROUGHT THE
REWORK STATION AND
COMBINED BY HAND
(RE-WORK WORK FLOW)
GO TO REWORK
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F1G. 20D
FUNCTIONS 08ax
Outbound Operation | SKU:Q007690 - CGB LOW FAT CHOCOLATE CHUNK

1. Confirm properly tagged Rejected Cases 0

case =
2. Remove case from conveyor | Validated Cases 0
3. Stack cases accordingtothe | Total Cases to be on Pallet 75

Tl HI diagram

4. Confirm when pallet is built

I
O

OK =

FUNCTIONS

<= —]

D v © © O © O O 0 ©

FIG. 20E
FUNCTIONS 0O6x

(&) Pallet Completed
Completed Validating Pallet CGB LOW FAT CHOCOLATE CHUNK

1. Remove all the cartons from current outbound pallet station
2. Finish building the TI-HI for the current pallet
3. Press OK Button when ready for building the TI-HI for next pallet

©)

OK

FUNCTIONS

BB O @ o ® 0 0 @ @
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FIG. 21A
MANUAL WRITEVERIFY PALLET TAG
USER MACHINE SYSTEM
INTERFACE INTERFACE INTERFACE
< N
FROM SUBSYSTEM i v
14PN TAG TURN ON THE READER
v XAS RETURNS PALLET ID WHICH READS THE CASE
PALLET ENTERS THE BASED ON CASE IDS TAG IDs FROM PALLET
STRETCH WRAP Y
STATION (SAME AS [ |F PALLET STATUS ISNOT | READER / PROGRAM
SUBSYSTEM 14) | N PROCESS", XA WILL | LOGIC TO FILTER OUT
1 | ALERTOPERATORTO M|S|-EAD"‘|1G READS
SPERATOR S ABLETO ||| | HELPAVOID DUPLICATE |
LABEL APPLIED TO THE
PRESS ABUTTON ON l WRONG PALLET | |Fp=—————=—=—17
THE GUI TO QUERY (RN thyhe b Aeguip MUpRRpE B I ¥ Y |
PALLET ID I i| PRINTERERRORS |
v | gﬁﬁ:’;'ﬁ;g : AN ERROR OCCURS :
UI LISTS INSTRUCTIONS | 18h DURINGPRINT |,
FOR OPERATOR TO | CAPTURED | || |
STRETCH WRAP PALLET | FALEDTAG || || |
AND LABEL PALLET L STATISTICS || || ,
- | |
S I | |
r v L |[ OPERATORACTION ||
: SRINTER : I| ANY ERRORDURING |l
, DOES NOT | I|  THEPRINTING |l
I ACCEPT VALUE | I| PROCESSSHOULD |l
| | THEPRINTER | I | DETAKENCARE |
OF INTERNALLY BY
| | LOSES/DOESNOT |} I| THE PRINTER AND |!
: ACCEPT VALUE : Il TRANSFERRED |
| | : TO THE GUI :
@ S
| [
| | v
' ' SERIALIZATIONS
M ipinthrieiiaal i HANDLED ACROSS
: TO VERIFY ALL : MULTIPLE SITES WITHIN
| | PRINTER SETTINGS | | RFID SOFTWARE / XARM
| | TOGETTHE [ !
| | PALLETTAG | | GO TO SUBSYSTEM
N 12-APPLY TAG TO
L === = PALLET
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FUNCTIONS 0ax

@ When an RFID pallet is on the stretch wrapper press the button below.

Begin Reading RFID Tags

FUNCTIONS

5 © O ® O ® O 0O © © ©

FIG. 21C

| FUNCTIONS

@ Pallet Tag validated successfully! Please press complete task button =
and remove the pallet from the Stretch Wrap Station.

I| Reprint | Process Next Pallet
e %
RN yarnd
~ N -
—2 T
— TR

o/ AN

N
/ / \\ LIGHT

FUNCTIONS

B 0 ©@0© 0 @ ©

FIG. 21E
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APPLY TAG TO PALLET
USER -fé' MACHINE SYSTEM
INTERFACE INTERFACE INTERFACE
-
FROM SUBSYSTEM
11 - WRITE / VERIFY
PALLET TAG
Y *
EXAMPLE 1/ EXAMPLE 2 EXAMPLE 2 AUTO
MANUAL PAWILL APPLY THE TAG AT
USER REMOVES PALLET FIXED HEIGHT X DIMENSION
TAG FROM THE PRINTER CONTROLLED BY PHOTO
EYE AND TIMER
EXAMPLE 2 AUTO
T AgSTE(I; Lﬁ-P:I:I)-\IIESSED IF XAS HAS SENT NO DATA,
POSITION ON P/AWILL NOT APPLY TAG
CORRECT PALLET SIDE
(PICTURE OF PALLET)
Y *
GO TO SUBSYSTEM
13 -VERIFY APPLIED
PALLET TAG

FIG. 22
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FIG. 23A
VERIFY APPLIED PALLET TAG
% USER MACHINE SYSTEM
INTERFACE =52 / INTERFACE INTERFACE
ERROR
FROM SUBSYSTEM 1 __
12 -APPLY TAG TO :_ , _:
PALLET 1| 1) READER FAILURE ||
[ 1| 2) INVALID TAG |
Y ! I'11) READER NOT '
EXAMPLE 1 EXAMPLE 2 AUTO| ||| pOWERED / I
VALIDATION XPORT PORTAL Il ANTENNA NOT I
RFID SCAN WITH AT PALLET I pLUGGED IN OR |
READER AND CONVEYOR EXIT : WRONG PORT / IO :
ANTENNA AT READS PALLET | CABLE UNPLUGGED |
STRETCH TAG 1| 2 READER I
WRAPPER READ CASE IDs | |[1]| DETECTS |
VALIDATION LOOK UP PALLET| ||I|INCORRECTTAG ||
TRIGGERED BY | | ID TRY TO READ || ONPALLETORNO ||
OPERATOR AT PALLET ID I| TAG I
GUI ONCE THE EXPECTED 1) 2) I
TAG HAS BEEN VALUE USING I '
PLACED MASK : @ w :
| | | |
I I
I| OPERATOR ACTION |I
I | 1) READER WILL I
I| LIKELY NEED TOBE |l
I'| SERVICED I
I'| 2) REMOVE THE |
I pALLET LABELAND |!
Il PRINT NEW PALLET |!
: TAG :
|| EXAMPLE 2 FORK ||
| | TRUCK MOVES |
| | PALLET TO REWORK |,
|| FORRE-TAGGING
I
L

L 2=

TOFIG. 238
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FROM FIG. 23A

:' Y Y

ERROR XAS
BAD TAG VERIFIES THE
< READER VALUE TO RFID
__________ SOFTWARE
I_ y _: NLUE
, NETWORK DOWN | C00D TAG
I THE NETWORK |
: COMMUNICATION FAILS :
| I
| I
| I
| I
| I
| OPERATOR ACTION I
| | 1) USER CANNOT I
| | CONTINUE UNTIL I
| | NETWORK I
| | CONNECTIVITY IS I
| | RESTORED I
| I
L _____\/F__\__ N
Y
v GOOD TAG
FORK TRUCK ¥
RETURNS PALLET XAS UPDATES
TO REWORK DATABASE FOR
STATION USE ON RFID ASN
I LATER
GO TO !
REWORK GOTO
SUBSYSTEM
15 -RFID
PALLET EXITS
XARM LINE

FIG. 23B



US 2009/0224923 A1l

Sep. 10, 2009 Sheet 38 of 65

Patent Application Publication

V< DIA 8r2 914 01
|
|
()
A
| >
vLva 137Ivd 139
_ _ 0L 9V1 3SVD Savay (137vd ¥O 3SVD) 3000%ve
I { ATivonvw aie 13Tvd | | —|  aNv3AIOLOHd | Ql4¥ SNVOS ‘IN SYX JHL
" JHL INdNI LSNIN ¥3SN " VIA GILVAILOY HOWI | NO NdT LNINd S103T3S ¥3SN
_ NOILOV ¥OLV¥3dO _ Sl ¥3avay )
_ _ 1
I I NOLLYLS YHOMIY
I é I 0L JAOWIY NvD
_ _ | MOMUL Y404 HO
_ _ H3ddVaM NOILVLS TYNNVI
" al .3 1vd " HOLTYIS LV 137TVd 3AVAT
_ VIATOSIH LONAVW | | 0L 13Tvd SIAOW NVD HOLV¥43dO
| YIAYRIOVLIHL(E | | MONYL MY TVANYIN
I 21 I I1dNVX3 Z I1dWvX3
| | AvwuaNNvos3oaam | | 3
_ 30004V IHL(L | | +|4
_ _
[ Qv OL iv4 _ o H_,W%__M_M__M@w_%_,a 137vd @1ing- ol
L === - OLNY 2 T1dAVE W3LSASENS WOY
HOHNT
JOVIAING I _ _ i _ i _ _ JOVAHALNI @ JOVAILNI @
WALSAS INHOVW  ff=== ¥3sn

Nd1.13T1Vd ATddY ANV INI¥d




US 2009/0224923 A1l

Sep. 10, 2009 Sheet 39 of 65

Patent Application Publication

OVL 1371vd 31RIM
- 1L N31SASENS OL

»

1381 Nd13HL S3MNddV
ANV SNIV.LE0 ¥3SN

» [\

dl 13T1vd 1034802

NOILOV ¥01vd3do

»

J3INId 39 OL
Nd13LvOI1dNad LOvX3
NV MOTTV TTIM SVX

«INIRId3Y. ¥ ¥3440
NVO SV¥X .,SS3004d
NI. LON SI 1377vd JHL 4l

J3LNI™d S1T139VTNd1

31voI1dna

J
_
_
AdIMIA LSNIN ¥3SN “|v
_
_
_
_
Je—]
_
_
_

qv¢ "DIA

V¥ "O14 WOYA




Patent Application Publication  Sep. 10, 2009 Sheet 40 of 65 US 2009/0224923 A1

RFID PALLET EXITS XARM LINE
USER MACHINE \ SYSTEM
INTERFACE ' / INTERFACE =) INTERFACE

FROM SUBSYSTEM
14 - PRINT AND
APPLY PALLET LPN

v

VALIDATED COMPLETE
PALLET TAG
AUTOMATICALLY
INDICATES PALLET IS
COMPLETE

Y Y

EXAMPLE
MANUAL 2 AUTO

FORK FORK
TRUCK TRUCK
MOVES MOVES

PALLET TO PALLET

STORAGE TO COLD
STORAGE

FIG. 25
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Quaker2 Rework Operation @"

(i) CHOOSE REWORK OPTION

—_— || SCAN BARCODE Scan the EPC barcode on the label you want to re-work

|| SCANRF CASETAG || Place the case/label you want to rework in front of the RF Antenna

READ RF PALLET Place the pallet you want to rework in front of the RF Antenna

FUNCTIONS
ESC 100194074
100000092
FI1G. 26B
Quaker2 Rework Operation @“

(i) CHOOSE REWORK OPTION

SCAN BARCODE Scan the EPC barcode on the label you want to re-work

—p» (| SCANRFCASETAG | Place the case/label you want to rework in front of the RF Antenna

| READ RF PALLET Place the pallet you want to rework in front of the RF Antenna

FUNCTIONS
ESC 100194074

FIG. 26C
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Quaker2 Rework Operation ‘ﬂ
(i) CHOOSE REWORK OPTION
SCAN BARCODE Scan the EPC barcode on the label you want to re-work
READ RF CASE TAG || Place the case/label you want to rework in front of the RF Antenna
— READ RF PALLET Place the pallet you want to rework in front of the RF Antenna
FUNCTIONS
ESC 100194074
100000092
FIG. 26D
| Quaker2 Rework Operation - EPC Barcode Re-Scan @n
/\\ Partial EPC TagID detected. Re-Scan the label
| 9805 |
OK
FUNCTIONS

%

ESC

FIG. 26E
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Quaker2 Rework Operation - SKU Details @ﬂ
CASE TAG FOUND
EPC 9805A3AFCE989CFA
Product ST20807
LPN 37205386

Total Case Count 54

Yes, Continue No, Retry Exit

FUNCTIONS
ESC 100194074

100000092

FIG. 26F
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STEP 0 - INBOUND INTEGRATION
% USER @7 MACHINE TT7TT SYSTEM
INTERFACE Qﬂ INTERFACE INTERFACE

XOM ERP FORECASTS
PRODUCTION ORDERS
FOR WAL-MART

!

PRODUCTION ORDER IS
SPLIT ACROSS THE
ORIGINAL SKU {(NON-RFID)
AND THE SKU "PRIME" (RFID)

|
v Y

SKUA SKU A' (RFID)

pRODUGTION | | PRODUCTION
IS PLANNED

IS PLANNED

! |

Y

PRODUCTION
PLANNER SCHEDULES
BOTH SKU's IN SAME
PRODUCTION RUN

v

WAL-MART PLACES SHIPPING
ORDER FOR EACH
RESPECTIVE SKU AND DC
LOCATION (SKU A AND SKU A'
ON SEPARATE LEVELS)

!

PAL RECEIVES THE ORDERS
(BUSINESS AS USUAL)

v

GO TO STEP 1 - DELIVER
PLANS TO CASE FEEDER

FIG. 28
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STEP 1 - DELIVER FLATS TO CASE FEEDER
USER ﬁ.ﬁ, MACHINE \ SYSTEM
INTERFACE INTERFACE =) INTERFACE
=L

FROM STEP 0
-INBOUND
INTEGRATION

!

WAREHOUSE
OPERATORS
RECEIVE
INSTRUCTIONS
TO MOVE FLATS
TO CASE FILLER

!

FLATS DROPPED AT A
STAGING POINT
LOCATION FOR

PROCESSING

v

GO TO STEP 2
-SKU INDUCTION

FIG. 29
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STEP 2- SKU INDUCTION
% USER MACHINE ‘ ‘ ‘ ‘ ‘ SYSTEM
INTERFACE INTERFACE INTERFACE
FROM STEP 1 -
DELIVER FLATS
TO CASE FEEDER
OPERATOR ENTERS
SKU TO BE PROCESSED
[
MIDDLEWARE PASSES
EPC DATATO
PRINTER APPLICATOR
r—"—"T7T--—= =1
I |
| [1)NETWORK DOWN |
i | 2ResPoNsE TIMEOUT | |
: 1) THE NETWORK :
| | communicaTionFaLs | |
| | 2THE REQUESTED |
| | ACTION TIMED OUT |
K 2
‘ ' () |
UI DISPLAYS : :
PICTURE OF SKU | |
FOR CONFIRMATION | |
! | | OPERATORACTION | !
UI DISPLAYS I | 1) USER CANNOT '
STATUSES OF ALL : CONTINUE UNTIL :
ONLINE MACHINES TO | | NETWORK |
ENSURE ALL READY | | CONNECTMITY IS |
I | | RESTORED ,
2) USER WILL RECEIVE
I |
NG | | AVESSAGETOTRY | |
ATTRIBUTES TO ' WW\ '
TAG WRITER :_ _:

FI1G. 30
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FIG. 31
STEP 3 - SKU ATTRIBUTES TO TAG WRITER
USER MACHINE SYSTEM
INTERFACE @' / INTERFACE INTERFACE
=1
FROM STEP 2 -SKU !
INDUCTION MIDDLEWARE PASSES
o _{_ L EPC VALUES AND
[ OPTIONAL: MAY HAVE | HUMAN READABLE
MANUALLY ADJUSTED LABELS TO THE
BA XYZ, OR MAY HAVE APPLICATION SERVER
: A COMMON LOCATION : 1
| ACROSSPRODUCT APPLICATION SERVER
LINES REQUIRING NO PASSES QUEUED
| _ _ADJUSTMENT VALUES TO PA
r____V____-I
IF THE PRINTER DOES NOT RECEIVE THE DATA, | : PRINTER DOES NOT :
NO TAG WILL PRINT / ENCODE AND THE LINE || AccepTvALUE |,
WILL STOP I} THEPRNTER ||
BASED UPON THE FAILURE EVENTORTIME | _~~"] LOSES/DOES NOT '
OUT, APPLICATION SERVER ISSUES OPERATOR ~ /1|  ACCEPT VALUE :
INSTRUCTIONS (E.G. "REPLACE MEDIA" 'CLEAR (|, |
PINTER JAM") | |
APPLICATION SERVER WILL WAIT FOR | @ |
OPERATOR TO CONFIRM ACTION AND RESTART : |
|
APPLICATION SERVER WILL :
OPERATOR ACTION ||
__RESTARTANDPRINTNEXTLABEL 1 |I| ySERWILLNEEDTO ||
|| VERIFY ALL PRINTER ||
' APPLICATOR l
Il seTTngsTO ||
: ENSURE PROPER :
y || QUEUING AVAILABLE |,
PA ACCEPTS AND , |
STORES IN RAM THE L ]
VALUESFROM | | |-————|——~—
MIDDLEWARE
FROM STEP 4
WRITE/ VERIFY
EPC DATA
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FIG. 33
STEP 5 - APPLY TAG TO CASE
% USER MACHINE T SYSTEM
INTERFACE ,f,/ INTERFACE INTERFACE
. : FROM STEP 4- | — I
| PA ARM FAILS | WRITE / VERIFY |,.| PRINTER DOES NOT :
: wareressorel 1 1 EPC DATA : ACCEPT VALUE |
| | MISFRE/PHOTOEYE | 1 Y L | THEPRNTER ||
| | DoESNoTALLOWPA | I PA PHOTO EYE | | LOSES/DOESNOT | |
| | ARMTOAPPLYTAG | | TRIGGERS TIMER | | ACCEPTVALUES | |
: CORRECTLY | AS CASE PASSES ' ,
| | IN FRONT OF PA | |
. i ; )
| | | [| PAAPPLESTAG : |
i ||| VeRTcaLposonyx | | | 1| CPERATORACTIN | |
|
| ohmeireny | ] PosTONDETERMNED | | | 1| SolepevmL | |
' , BY TIMING |
|| NEEDTOBE SERVICED | | - ; PRIN'I(';ER SSETTINGS |
I _—— | [ TOENSURE ||
| i PA SENSES TAG HAS | | PROPERQUEUING | |
—_————————— - BEEN APPLIED AND IS | AVAILABLE I
| , NO LONGER ON THE | e I
| | PRNTERFALURE | | APPLICATOR PAD L ___ )
| |
| | 1)PRINTER Jams | Y
| | 2 PRINTERMEMORY | | THE PAWRITESTHE [~
| |LosT ' NEXT TAG, WHILE
| ' PREVERFYNGTHE | || — — — — — _ _ _
| : SECONDTONEXT  |ed | [ i
| @ | 7 := PLC FAILURE :
: | | L WHEN THE NEXT TAG IS | PLCNOT |
| IN THE TAMP PAD, THE | | connecTED! | |
| R T | ] PRINTER READY STATUS | | NoTSENDNG | |
) | INDICATES NEXT FLAT | | INFORMATION | |
| | JAM. UIINSTRUCTS L | CANBE TAGGED
| | OPERATOR TO | ' '
: RESTART CONVEYOR | | v : @ :
2) OPERATOR MUST —
| | RECOVER POWER OR : PLC RELEASES NEXT : :
: REPARPRINTER Ul | | ! | Tormraroracron | |
THEN CAN ALLOW
| | OPERATOR TO : GOTOSTEP 6- | | USERWLLNEED | |
| | RESTART. APPLICATION VERIFY APPLIED t—| TOVERFYPOWER/ | |
|
|| SERVER WILL PRINT CASE TAG | CONNECTIONS | |
| | TOTHEPLC [
: NEXT LABEL | | |
l————_____ L
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FIG. 34
STEP 6 - VERIFY APPLIED CASE TAG
USER MACHINE SYSTEM
INTERFACE /| INTERFACE INTERFACE
N .
r—-——"————- 1
Figl’\’ﬂL?(T'll'E:Gs | [ 1) READER FAILURE | |
________ " ™| 2) INVALID TAG I
r 1 TO CASE | |
| | NETWORKDOWN |« | |
| e | ,, || yrerozior ||
I | FaLs ' VALIDATION RFID | | POWERED/ |
| | ANTENNA NOT
SCAN WITH READER | |
| | | | WRONGPORT /10 | |
| | | | | CABLE UNPLUGGED | |
: : | | 2) READER DETECTS| |
| [OPERATOR ACTION| | | | INCORRECTTAGON | |
| | HussrcannoT | | | | CARTONORNOTAG | |
| | CONTNUEUNTIL | | : :
| | NETWORK I | o) ) |
| | CONNECTIVITY I | |
| |ISRESTORED | , @ @ ,
L Y | |
L e —— - | |
| |
| | OPERATORACTION | |
| 1) READER WILL |
,___Vz___}__j | | LIKELY NEEDTOBE | |
| NOTE: VALIDATION | | | SERVICED I
| OPERATIONIS | I | 2)DIVERT ARMWILL | |
‘ | SYNCHRONIZED TO | | | PUSH INVALID I
UPDATE INCREMENTED | PIATOOPTIMIZE | | | CARTONTO I
VALIDATED COUNTER | CYCLETIME | | | REWORK LINE I
ON TOUCH SCREEN |  PERFORMANCE | e !
L — T 1 L e o - -
APPLICATION
IF FAILED STATUS SERVER CONFIRMS
V THE VALIDATION BY
GOTOSTEP7 PERFORMING AS
_FAILED TAGS TO MANY READ CYCLES
REWORK LINE AS PO?S'B'-E
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TAG AND RETRY

FI1G. 35
STEP 7 - FAILED TAGS TO REWORK LINE
% USER ‘ ‘ ‘ ‘ u “ SYSTEM

INTERFACE INTERFACE
r— - 1 FROM STEP 6
' PLC FAILURE L | | TRIGGERDIVERT ARM | "VERIFY APPLIED
I I TO REWORK LINE CASE TAG
| | PLCNOT CONNECTED/NOT | |
| | SENDING INFORMATION I
I I
I I
@
I I
I I
I OPERATOR ACTION I
I USER WILL NEED TO I
I VERIFY POWER / I
: CONNECTIONS TO THE PLC :

_I
UPDATE FAILED TAG COUNTER l

[T ———————~— m NEW EPC CASE ID IS
I [ 1) NETWORK DOWN L MHE MOVES CASE GENERATED BY
| | 2)RESPONSE TIMEOQUT I TO REWORK AREA MIDLEWARE AND
I 1) THE NETWORK I FAILED TAG EPC
I I NUMBER STATUS IS
| | COMMUNICATION FAILS | UPDATED TO "FALED"
| | 2 THEREQUESTED | |
| | ACTION TIMED OUT I
| 1 9 |
I ) ) I
I I
I I
I I
I I
I I
I OPERATOR ACTION I
I | 1) USER CANNOT CONTINUE | I
| | UNTIL NETWORK I
| | CONNECTIVITY ISRESTORED | |
| | 2) USER WILL RECEIVE A I
I | MESSAGE TO TRY THE I
: ACTION AGAIN :
| \,/r'\ | GOTOSTEP S
L | | -REMOVE FALLED
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FIG. 36
STEP 8 - REMOVE FAILED TAG AND RETRY
% USER MACHINE  TTTT] SYSTEM
INTERFACE / INTERFACE —— INTERFACE
r-———=—=——=—=—=— =
FROM STEP 7 : FAILED TAG NOT REMOVED :
Fséﬁg;ﬁs&o I | oPERATOR DOESNOT | |
| | REMOVE FAILED TAG ' APPLICATION
! : FROM REWORK CASE : SERVER WILL
OPERATOR REMOVES | | '-HOE?(*F(,EF(?FE‘[\)N
BAD TAG FROM CARTON |« | L/ E
APPLICATION A1 VALUE" ON THE
I SERVER NOT f RFID TAG. IFIT IS
' AWARE I'1 | FOUND THE CASE
: : WILL BE PASSED
—————t - : OPERATOR ACTION : OTHER LABELS
| v I | || | VALIDATIONWILLLIKELY | || | PRESENT WILL BE
| MANUAL DATA LOG I m FAIL AT WAL-MART IF I IGNORED TO
I OPERATOR I | | TWOTAGSAREONTHE | , PREVENT CROSS
I SAVES BAD TAG I | | CASE, THUSCAUSING | TALK TO
| | I DISSATISFACTION I ADJACENT
| v o e — PRODUCT WHILE
'l manuaLpaTAlo || L a OPTIMIZING
: L - . READER
| OPERATOR LOGS A POSSIBLE DATA PERFORMANCE
| | TAG FAILURE REASON | I'{\\{ LOGGING OPTIONS
L __________ _! \ A THERE WAS A PRINTER OVERLAPPING
1 \ JAM, NO TAG WAS APPLIED TAGS SHADOW
B. TAG IS NOT ON CASE EACH OTHER...
OTIPERCA;F??OEE&';A%ES BECAUSE IT FELL OFF
INDUCT CONVEYOR (ADHESIVE FAILURE)
FOR RE-VALIDATION C. TAG WAS PHYSICALLY
DAMAGED
! D. TAG GOT APPLIED IN THE
FAILURE DATA WRONG LOCATION AND
CAPTURED BY COULD NOT BE READ
MIDDLEWARE IS E. NO OBVIOUS REASON
FAILED STATUS AND FOR THIS TAG FAILURE !
PA BAD TAG COUNT - - -
v
GOTOSTEP9
-AUTO PALLETIZE
TAGGED CASES
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RADIO FREQUENCY IDENTIFICATION
APPLICATION SYSTEM

[0001] This application is a continuation of patent applica-
tion Ser. No. 11/364,675, entitled “Radio Frequency Identi-
fication Application System,” filed on Feb. 28, 2006, which
application is incorporated herein by reference.

TECHNICAL FIELD

[0002] Thepresentinventionis directed, in general, to radio
frequency identification (“RFID”) systems and, in particular,
to an RFID application system and method of operating the
same.

BACKGROUND

[0003] Radio frequency identification (“RFID”) systems
include RFID readers communicating with RFID tags via
radio waves. The RFID readers send radio signals via anten-
nas, which are received by the RFID tags. The RFID tags may
be passive, semi-active or active. The passive RFID tags are
the most common and least costly and derive energy for
operation from the transmitted signal from the RFID reader
thereby illuminating the RFID tag. The semi-active and active
RFID tags have independent power sources for processing
functions and for independent or enhanced transmit func-
tions. After the RFID tag receives enough energy to respond,
and the proper interrogation sequence is generated by An
RFID reader, the RFID tag replies with information (e.g.,
payload information) thereabout, which is usually a unique
identification number (also referred to as an “ID”) or other
information available to the RFID tag. The RFID reader
receives the identification number from the RFID tags in
response to the transmitted signal by the RFID reader.
[0004] For purposes of a brief introduction, FIGS. 1 to 6
illustrate diagrams introducing foundational concepts regard-
ing RFID technologies and the use thereof in the supply chain
management of the retail industry or other industries. Refer-
ring initially to FIGS. 1A and 1B, illustrated are diagrams of
typical RFID tags, of which other physical configurations are
possible. The RFID tags each typically include an RFID
microchip 110, a chip carrier or strap 120 and an antenna 130.
As an example regarding passive RFID tags, the RFID tag
collects the radiated energy of the transmitted signal from an
RFID reader and uses the collected energy to control a modu-
lation thereof within the RFID microchip 110. By changing
an impedance of the antenna 130 ofthe RFID tag, the incident
signal is either substantially reflected back to the RFID reader
or it is not. This basic modulation mechanism is used in RFID
applications from tracking motor vehicles on toll roads to
tracking animals.

[0005] Turning now to FIG. 2, illustrated is a perspective
view of an RFID tag 210 embedded within a standard paper
adhesive label 220 and applied to a product (e.g., case) 230.
The aforementioned application is a common application for
RFID technologies in supply chain management, but RFID
tag only applications (i.e., without the label) are also used.
Regarding FIGS. 3A to 3D, illustrated are diagrams demon-
strating an operation of an RFID reader 310 and RFID tag
330. FIG. 3A illustrates the RFID reader 310 transmitting a
signal through an antenna 320 to an RFID tag 330 on a
product (e.g., case) 340. FIG. 3B illustrates the RFID tag 330
absorbing the signal from the transmitted inbound signal
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from the RFID reader 310. FIG. 3C illustrates the RFID tag
330 using the collected energy to control a modulation of the
transmitted signal and, by altering the impedance of an
antenna thereof, the RFID tag 330 modulates the amount of
the reflected signal (and data available to the RFID tag 330)
back to the RFID reader 310. The term modulation generally
refers to a range of techniques for encoding information on a
carrier signal (e.g., a sine-wave signal) and is typically per-
formed by a modulator. FIG. 3D illustrates the RFID reader
310 sending information associated with the RFID tag 330
back to a computer 350 so that the information can be used for
other applications.

[0006] The RFID tags typically include an identification
number stored in memory of a microchip thereof in a format
consistent with EPCGlobal or other standards such as Inter-
national Organization for Standardization (“ISO”)
1SO18006. A few examples of industry recognized standards
include EPCGlobal release EPC Specification for Class 1
Gen 1 RFID Specification, November 2002 and EPC Speci-
fication for Class 1 Gen 2 RFID Specification, December
2004 (see, also, a related publication entitled “Whitepaper:
EPCglobal Class 1 Gen 2 RFID Specification,” published by
Alien Technology Corporation, Morgan Hill, Calif., 2005),
which are incorporated herein by reference. An example of an
identification number is a serialized global trade identifica-
tion number (“SGTIN”) conforming to an EPCGlobal stan-
dard Class 1 Genl 96 bit RFID tag. For instance, the SGTIN
“01 1234567 123456 123456789 includes a header “01,” a
manufacturer code “1234567,” a object class “123456,” and a
serial number “123456789” The SGTIN provides an
example of an identification number for an application of
RFID technologies to supply chain management.

[0007] Significant compliance mandates are being placed
on the use of RFID technologies for use in tracking products
of all types. Present systems are unable to satisfy the man-
dates, in general, and if the systems approach satisfying such
mandates, the cost thereof is prohibitive. Retailers are now
adopting RFID technologies across a broad range of products
and placing mandates on suppliers to provide products with
RFID tags (and potentially a label) on cases and pallets of
products with stock keeping unit identifiers (“SKUs”). An
SKU is a unique name or number assigned to a product for
ease of use and tracking throughout manufacturing and sup-
ply chain management systems. Present mandates provide
that the RFID tags be encoded with unique values and follow
prescribed RFID standards set by the standards body of
choice by the customers. In addition, no single standard
enjoys universal acceptance, so multiple standards are being
adopted.

[0008] Turning now to FIGS. 4 and 5, illustrated are dia-
grams demonstrating scan points for a distribution center and
retail location, respectively, for a supply chain network.
Major retailers (e.g., Wal-Mart) are leading the RFID man-
dates and the Department of Defense (“DoD”) and the health-
care industry, among others, are following their lead with
RFID requirements on cases and pallets of shipped products.
Present plans for initial rollouts include scan points at five
places in the supply chain network including two at a distri-
bution center (including a receiving location 410 and a ship-
ping location 420 as illustrated in FIG. 4) and three at a retail
location (including a receiving location 510, entrance to a
retail floor 520 and a trash compactor 530 as illustrated in
FIG. 5). Future plans will increase and refine tracking and
tracking locations. Requirements of this type are disruptive to
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suppliers’ operations, systems, personnel, costs and sched-
ules. In addition, RFID mandates have imposed constraints
on the suppliers and the constraints have generated additional
problems as described below.

[0009] Attempts to respond to the basic changes in the
supply chain management have not been successful. Suppli-
ers have implemented various manual processes to meet the
compliance requirements, which have proven to be costly,
inefficient, and prone to errors that are difficult to detect and
correct. Compounding the problem is the fact that future
requirements will be more extensive (more RFID-enabled
distribution centers, SKUs and suppliers) than those now in
place and these will only further aggravate the problem. In
light thereof, existing solutions concentrate on more hard-
ware and labor to address the problem, which only ramps up
the amount of losses incurred to implement the processes and
further aggravates the issues of error checking, error detection
and error correction. Additionally, expanding the manual
approaches is not efficiently scalable or tenable.

[0010] Turning now to FIG. 6, illustrated is a diagram dem-
onstrating a manual process for the application of an RFID tag
on a product (e.g., a case and a pallet). The manual process is
performed by a computer operator 610 operating a computer
620 with a spreadsheet and an RFID label printer with inte-
grated reader 630 printing labels (one of which is designated
640) with RFID tags for manual application by another opera-
tor 650 on an RFID-tagged case 660 and an RFID-tagged
pallet 670. A case designated 680 is a non-RFID-tagged case
and a pallet designated 690 is a non-RFID-tagged pallet. The
illustrated approach provides a single pallet going through the
manual process, of which the manual process becomes expo-
nentially more difficult as multiple pallets and cases are added
thereto.

[0011] The manual process provides a first step toward the
growth of RFID technologies. For instance, the manual pro-
cess enables the encoding of RFID tags (at the case and pallet
level), allows operators to print onto a human readable label,
and enables RFID tags to be manually applied to cases and
pallets. The manual process also allows operators to track the
identification numbers for the products and the numeric con-
structions for the products and customers via a spreadsheet. It
is possible, however, that the same product will have to be
encoded to different standards depending upon the customer.
While the manual process allows businesses to scale, it is
labor and hardware intensive and leads to a proportional
increase in errors associated with the application of the RFID
tags on products and the like.

[0012] While the manual process provides some advan-
tages, such a manual process is not conducive to a full scale
proliferation of RFID technologies, especially in supply
chain management. For instance, the manual process does not
automatically qualify a uniqueness of case and pallet identi-
fication numbers (also referred to as “case identifier or case
1D and “pallet identifier or pallet ID,” respectively). Addi-
tionally, the manual process does not automatically integrate
with external systems such as enterprise resource planning
(“ERP”) systems and warechouse management systems
(“WMS”) to make RFID standards determinations. The
manual process also does not readily integrate multiple dis-
parate systems and aggregate the case identification number
and pallet identification number associations automatically.
For compliance, it is beneficial to know which unique case ID
is assigned to each unique pallet ID. As an example, suppose
a pallet ID “123456789” is associated with case IDs “1001,”
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“1002,” to “1050.” If the pallet ID is read at a scan point, it
would be beneficial to know that 50 case IDs are associated
therewith. In much the same way, if any case ID of the 50
unique case identification numbers was read, it would be
beneficial to know the pallet identification number
“123456789” by default. Again, the manual process does not
provide such a tracking capability for the supply chain man-
agement system.

[0013] The manual processes exhibit many other limita-
tions as hereinafter provided. For instance, the manual pro-
cess does not instruct personnel of proper RFID tag place-
ment, which is very different from barcode labels that require
line of sight to work. The RFID tags also depend on RFID
friendliness or physical characteristics of the product being
tagged, and the placement of the RFID tag is important for
acceptable performance. In accordance therewith, the manual
process does not automatically apply labels to cases and
qualify RFID tag placement tolerances. In addition, the
manual process does not control the material handling equip-
ment (“MHE”) systems to perform automation and integrate
with other automated systems including MHE devices such as
conveyers and forklifts used to move products in the supply
chain. The manual process further does not align cases for
automatic RFID tag application and send shipment informa-
tion to areceiver. In accordance therewith, the manual process
does not validate applied case and pallet RFID tags and auto-
mate the handling of rejected RFID tags (e.g., for encoding
failures). The aforementioned limitations associated with the
manual processes detract from the proliferation of RFID tech-
nologies in, for instance, the supply chain management sys-
tems.

[0014] Accordingly, what is needed in the art is a system
and method that addresses the above issues in a cost effective
manner that is scalable and capable of being integrated into
existing manufacturing and distribution center processes con-
centrating on supply chain management and other applica-
tions.

SUMMARY OF THE INVENTION

[0015] These and other problems are generally solved or
circumvented, and technical advantages are generally
achieved, by advantageous embodiments of the present
invention that include a radio frequency identification
(“RFID”) application system for use with an RFID system
adapted to apply an RFID tag to a product and method of
operating the same. In one embodiment, the RFID application
system includes a printer applicator controller configured to
manage an operation of a printer applicator of the RFID
system. The RFID application system also includes a com-
pliance manager configured to coordinate RFID compliance
data to derive a unique identification number for the RFID
tag. The RFID application system still further includes an
event manager configured to coordinate an operation of the
printer applicator controller to facilitate proper placement of
the RFID tag on the product.

[0016] The foregoing has outlined rather broadly the fea-
tures and technical advantages of the present invention in
order that the detailed description of the invention that fol-
lows may be better understood. Additional features and
advantages of the invention will be described hereinafter
which form the subject of the claims of the invention. It
should be appreciated by those skilled in the art that the
conception and specific embodiment disclosed may be
readily utilized as a basis for modifying or designing other
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structures or processes for carrying out the same purposes of
the present invention. It should also be realized by those
skilled in the art that such equivalent constructions do not
depart from the spirit and scope of the invention as set forth in
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] For a more complete understanding of the present
invention, and the advantages thereof, reference is now made
to the following descriptions taken in conjunction with the
accompanying drawings, in which:

[0018] FIGS. 1 to 6 illustrate diagrams introducing foun-
dational concepts regarding RFID technologies and the use
thereof in supply chain management of the retail industry that
provides an environment for an application of the principles
of the present invention;

[0019] FIG.7 illustrates a block diagram of an embodiment
of an RFID application system employable with an RFID
system constructed according to the principles of the present
invention;

[0020] FIGS. 8 and 9 illustrate system level diagrams of
embodiments of RFID systems including embodiments of
RFID application systems constructed according to the prin-
ciples of the present invention;

[0021] FIGS. 10 to 26 illustrate flow diagrams and screen
shots demonstrating exemplary steps associated with the
RFID systems of FIGS. 8 and 9; and

[0022] FIGS. 27 to 43 illustrate a system level diagram and
flow diagrams of an embodiment of an RFID system includ-
ing an embodiment of an RFID application system that dem-
onstrate exemplary steps of operating the same in accordance
with the principles of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0023] The making and using of the presently preferred
embodiments are discussed in detail below. It should be
appreciated, however, that the present invention provides
many applicable inventive concepts that can be embodied in a
wide variety of specific contexts. The specific embodiments
discussed are merely illustrative of specific ways to make and
use the invention, and do not limit the scope of the invention.
Unless otherwise provided, like designators for devices
employed in different embodiments illustrated and described
herein do not necessarily mean that the similarly designated
devices are constructed in the same manner or operate in the
same way.

[0024] The present invention will be described with respect
to an exemplary embodiment in a specific context, namely, an
RFID application system within an RFID system. The par-
ticular embodiments described herein are applied supply
chain management systems in the retail industry. The prin-
ciples of the present invention may be applied to other appli-
cations and industries such as the defense industry and health-
care market. The RFID application system (also referred to as
“Xterprise Automated RFID Module” or “XARM”)
addresses the limitations as described above with pragmatic
automation of inefficient processes to achieve accurate com-
pliance. In addition to automated compliance, the RFID
application system automates error handling, integrates dis-
parate systems, and has a modular design to allow for differ-
ent functions as well as different physical size options.
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[0025] When RFID compliance was first imposed on sup-
pliers, there was little equipment available to meet compli-
ance mandates. The way to comply was to obtain an RFID-
enabled printer, converted tags (RFID tags embedded in label
stock), and start printing and encoding RFID tags. The
encoded values were maintained manually in a spreadsheet or
a stand-alone software package. Operators would print and
encode labels, peel them and apply them to single cases on a
pallet. The aforementioned process leads to extensive mate-
rial handling of the cases, detailed level control of the RFID
labels, and pallet control of the cases (case-level tracking
provides that cases physically stay associated with the pallet
RFID tag like a parent-child relationship).

[0026] As mentioned above, the problem with this method
is that it is inaccurate, inefficient, and stand-alone, thereby not
completing every task desired for compliance. True system
integration including software integration is absent from this
model; the requirements were solved via manual data entry
and manual data manipulation, both prone to error. The
manual solution is also expensive (hardware and labor inten-
sive) for higher volumes of RFID tagging specifications,
which is inevitable with the adoption of RFID technologies in
different vertical markets. As higher volume specifications
are placed on suppliers, the manual solution is more labor and
more printers that increase their costs and errors.

[0027] The RFID application system solves the aforemen-
tioned problems with a modular approach to RFID mandates.
Designed with separate functional subsystems and modules,
the RFID application system solves compliance mandates
automatically. The RFID application system may be
employed in any number of environments including supply
chain management systems that include a distribution center
providing depalletization, RFID tagging, and then repalleti-
zation (or palletization). Depalletization refers to the unstack-
ing of palletized cases to singulate the cases for RFID tagging
or any other process. Repalletization refers to re-stacking of
cases that were depalletized. It is also referred to as “palleti-
zation,” but palletization usually refers to the first time the
cases were palletized (for example, at manufacturing). In
accordance therewith, a pallet stand is an ergonomic material
handling equipment that elevates or lowers pallets of cases to
reduce the lifting requirement on the operator. While the
processes may be automated, the material handling is prima-
rily powered at the operator’s command (usually by a foot
pedal). Exemplary high-level components of an RFID system
that includes an RFID application system include, without
limitation, computer systems with a graphical user interface
and including printers and applicators, RFID readers, RFID
tags, conveyers and products (e.g., cases and pallets).

[0028] Turning now to FIG. 7, illustrated is a block diagram
of'an embodiment of an RFID application system employable
in an RFID system constructed according to the principles of
the present invention. For each respective solution, the RFID
application system is employed to accomplish tasks as
defined by different customers. Each of the subsystems or
modules of the RFID application system can be configured
independently or dependent on another subsystem to achieve
the goals of a pragmatic, scalable RFID compliant system.
The RFID application system may be embodied in hardware,
software and combinations thereof. The RFID application
system includes an interface such as a legacy interface (des-
ignated “I/F”). Systems such as external systems often con-
tain valuable information that is often employed by RFID
compliance solutions. The interface provides connectivity or



US 2009/0224923 Al

a conduit to the external systems for, without limitation, ship-
ping information, WMS license plate number (“LPN”), and
inventory data.

[0029] The RFID application system also includes a con-
figuration subsystem (designated “CFG”) that configures
(e.g., setup for operation) systems such as printer applicators,
material handling equipment (“MHE”), conveyors, RFID
readers, etc. of the RFID system. The RFID application sys-
tem further includes a workflow manager (designated
“WFM?”) that derives workflow processes to satisfy business
objectives associated with the RFID system. As a config-
urable subsystem, the workflow manager can accommodate
any workflow processes and may be modified on the fly, as
necessary, to allow for changes to the business objectives. A
conveyer controller (designated “CC”) of the RFID applica-
tion system allows for real time control and management of a
conveyor to stop/start products (e.g., cases), divert bad or
rejected cases, and the like. Those skilled in the art realize that
a conveyor controller may control all types of material han-
dling equipment like diverters or reject equipment and is not
limited to conveyors.

[0030] The RFID application system also in includes a
printer applicator controller (designated “P/A”) that controls
and manages a printer/applicator/encoder device (also
referred to as a “printer applicator”) so that products are sent
thereto in a systemically documented manner. The printer
applicator controller further upgrades the accuracy of the
application of the RFID tags on the products (e.g., cases). A
pallet configuration subsystem (designated “PC”) of the
RFID application system directs a breakdown, building or
rebuilding of the pallet, typically after depalletization. The
pallet configuration subsystem may provide pictorial training
diagrams on how to restack an RFID-tagged pallet.

[0031] An RFID compliance manager or compliance man-
ager (designated “CMGR”) controls and manages sub-
systems of the RFID application system to properly apply
RFID compliance data within the RFID system. The RFID
compliance manager coordinates the RFID compliance data
to derive a unique identification number for an RFID tag for
placement on a product such as a case. Status updates from
RFID readers are recorded in accordance with the RFID
compliance manager and documented in an organized fash-
ion. The RFID compliance manager also allows for RFID
reader firmware upgrades. The RFID application system also
includes a database (designated “DB”) that stores informa-
tion such as the RFID compliance data as well as execution
parameters for conveyor control. The database also stores
product and customer information as needed to make for ease
of'use by operators.

[0032] A user interface (designated “UI”) of the RFID
application system directs operators on work instructions as
well as provides a way for operators to maintain system data
and a status of the operations of the RFID application system.
The user interface typically includes a graphical user inter-
face and a keyboard allowing an operator to gain access to or
input data into the RFID application system and operations
associated therewith. The user interface is especially benefi-
cial when system maintenance is being performed. The RFID
application system also includes an event manager (desig-
nated “EM”) that coordinates an operation of systems (e.g.,
printer applicator controller) as a function of the workflow
processes to facilitate proper placement of the RFID tags on
the products at the proper time. As certain statuses of interest
(customer-defined) arise during the operational process of
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RFID compliance for the RFID system, the events should be
managed and handled as the customer defines, which may
affect other subsystems unbeknownst to the operators. For
example, if the printer applicator runs out of labels/RFID
tags, the operator may receive a message to that effect, and the
conveyor may stop sending cases thereto for RFID tagging.
[0033] An electronic data interchange (designated “EDI”)
of the RFID application system is employable when provid-
ing data (e.g., RFID compliance data) from the database to
external systems via the interface, or vice versa. For example,
if a supplier wants to send an RFID advanced shipment notice
(“ASN”) to a customer, the information in the database should
be collected and sent to the external system. The aforemen-
tioned subsystems and modules of the RFID application sys-
tem will hereinafter be further described in the environment
of' working examples of an RFID system. The RFID applica-
tion system is an adaptable solution to RFID mandates. Its
extensive capability allows for scalability, modularity in size
and in function, and reduced operator training at costs favor-
ably disproportionate to the utility added by the system. The
following paragraphs will describe in some detail exemplary
embodiments of RFID systems employing the RFID applica-
tion system illustrating many options to meet customer man-
dates. The foregoing RFID systems are illustrative, but not
exhaustive of the capabilities of the RFID application system
and those skilled in the art will readily see that other embodi-
ments and applications are possible and are well within the
broad scope of the present invention.

[0034] Turning now to FIGS. 8 and 9, illustrated are system
level diagrams of embodiments of RFID systems including
embodiments of RFID application systems constructed
according to the principles of the present invention. The RFID
systems illustrate exemplary methods by which the RFID
application system applies RFID tags to products (e.g.,
cases). The RFID systems provide a distribution center model
wherein depalletization of existing pallets for RFID tagging
of'the cases is performed. The RFID systems provide a solu-
tion for a manufacturing line associated with a supply chain
management system that employ the principles of the RFID
application system as described herein. Of course, the RFID
systems described herein are exemplary embodiments to
demonstrate some of the advantages associated with the
RFID application system and the broad scope of the present
invention is not so limited.

[0035] More specifically, FIG. 8 illustrates, at a high level,
that external system integration exists to streamline a solu-
tion. The solution could contain more or less external system
integration, for example, order management system (“OMS”)
integration if needed for shipment or production order infor-
mation. An order management system is a general term used
to identify the system in which a company manages, controls,
or enters customer orders for fulfillment at a manufacturing
plant or the distribution center. The RFID system of FIG. 9
differs from the aforementioned embodiment by adding an
option for automated repalletization of the cases. It is possible
that the RFID application system described herein may be
directly applied at the manufacturing line to potentially elimi-
nate the depalletization process altogether. The flow diagrams
and screen shots that follow describe exemplary processes
associated with the RFID systems to more comprehensively
elucidate the advantages associated with the RFID applica-
tion system.

[0036] Turning now to FIGS. 10 to 26, illustrated are flow
diagrams and screen shots demonstrating exemplary steps
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associated with the RFID systems of FIGS. 8 and 9. Begin-
ning with FIG. 10, apallet is delivered to a manufacturing line
of the RFID system (designated step “1” in FIGS. 8 and 9).
The pallet is moved to a staging point for processing in
preparation for SKU induction. A warchouse management
system (“WMS”) or other driving system in conjunction with
the RFID application system may direct the operators to move
specified pallets within the manufacturing line. In yet another
embodiment, in addition to systems integration to streamline
the data flow, material handling equipment could also be
added to convey the pallets to the operators for depalletiza-
tion. The RFID system may incorporate additional automa-
tion with a robotic depalletizer, which is very beneficial with
heavier products for RFID tagging and alleviates the problem
of operator fatigue with products over, for instance, 35
pounds. The RFID application system handles the integration
to such a depalletizer and other material handling equipment.
It should be understood that many subsystems and modules
within the RFID application system may be invoked to per-
form the aforementioned tasks and the tasks that follow. For
instance, an interface to the external systems may be
employed and a workflow manager and event manager may
coordinate an operation of the material handing equipment.

[0037] Turning now to FIG. 11 (collectively FIGS. 11A to
11C), illustrated is a flow diagram demonstrating SKU induc-
tion (referred to as “Subsystem 2” and designated step “2” in
FIGS. 8 and 9). Once a product is delivered for RFID tagging,
the product “next to be tagged” is identified by the RFID
application system, at least partially embodied in a server
(also referred to as an “XARM Application Server (“XAS”))
so that the RFID application system knows specifically which
RFID standard (as part of the RFID compliance data) to apply
for encoding. In addition, the quantity of cases on the pallet is
identified, and that information may be obtained via integra-
tion from the WMS or advising system via an interface from
the RFID application system. Clearly, other information
could be employed by the RFID system, for example, order
management system order information or production order
information could be obtained by the RFID application sys-
tem to complete the SKU induction. A compliance manager
of the RFID application system coordinates the RFID com-
pliance data (e.g., product code) to derive a unique identifi-
cation number for the RFID tags.

[0038] As operators begin processing a pallet, the SKU and
pallet license plate number (“LPN”) data are recorded in the
RFID application system and stored in a database embodied
in a database server. The license plate number is an identifier
(usually a barcoded number or alphanumeric value) that iden-
tifies a specific lot/batch or unit of measure (pallet, case, etc.)
of a particular SKU. The advantage in using LPNs is so that
operators do not have to enter the variable attributes of that
SKU each time the operators are trying to identify the unit of
measure of the product to be moved, stored, etc. An operator
will scan the LPN of the pallet being inducted, and the RFID
application system will call for data (e.g., RFID compliance
data) from the warehouse management system. In the event
that an LPN is not available to scan, or no touch point exists
between the RFID application system and the warehouse
management system, the operator may select the SKU from a
list provided by the compliance manager of the RFID appli-
cation system. The RFID application system will alert opera-
tors if SKUs are being inducted which have not been setup for
RFID processing.
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[0039] Turning now to FIGS. 12A to 12E, illustrated are
screen shots generated by the RFID application system to
facilitate SKU induction. A first screen shot or SKU induction
allows the operator to scan or enter the LPN for the next SKU
to be processed (see FIG. 12A). If the LPN was already
processed (pallet re-inducted by mistake), a screen appears to
indicate the exception to the operator (see FIG. 12B). Per
customer request, the RFID application system supports mes-
saging when changing to a different product code. The RFID
application system supports this operation as the operator
acknowledges the SKU change with a button on a screen (see
FIG. 12C). A main screen associated with the SKU induction
process automatically tracks the status of a pallet dynamically
and provides dynamic instructions to the operator along with
graphical cues or instructions for processing (see FIG. 12D).
Another screen appears after the full number of expected
cases has been verified to indicate to the operators that the
pallet is complete and that the RFID application system is
ready to start the next pallet when the operator is ready (by
pressing the “OK” button) (see FIG. 12E). As a result of the
SKU induction process facilitated by the RFID application
system, operator error and operator training are reduced. This
is especially beneficial in warehouses that have high labor
turnover rates associated with the operators.

[0040] Turning now to FIG. 13, illustrated is a flow diagram
illustrating the RFID application system sending the appro-
priate data (i.e., RFID tag values, human readable informa-
tion to be printed, etc.) to a printer applicator (referred to as
“Subsystem 3” and designated step “3” in FIGS. 8 and 9). A
printer applicator controller of the RFID application system
can automatically adjust the printer applicator based on the
XYZ coordinates to control label (and RFID tag) placement
outcome on the product. The XYZ coordinates are Cartesian
coordinates utilized in the RFID application system to control
adesired outcome of RFID tag placement on actual cases. The
coordinates may be stored in a database of the RFID applica-
tion system for automatic or manual RFID tag placement so
that the coordinates are known at the time of SKU induction.
The coordinates may also be necessary to make automated or
manual adjustments to physical hardware (via a configuration
subsystem of the RFID application system) so that the desired
RFID tag placement is achieved while RFID tagging. The
placement of the RFID tag can be important for products and
especially for reading an RFID tag thereon so automating the
process will not only reduce operator error and training, but
augment an efficiency of the RFID system.

[0041] Turning now to FIG. 14 (collectively FIGS. 14A and
14B), illustrated is a flow diagram illustrating depalletizing
the cases of the pallet onto a conveyor (referred to as “Sub-
system 4” and designated step “4” in FIGS. 8 and 9). Line
operators may manually remove the cases from the pallet and
place the cases on the conveyor in an orientation that is
depicted on a user interface of the RFID application system.
The RFID application system also tracks the total expected
cases on that particular pallet as well as how many cases have
been validated and rejected (see, e.g., FIG. 12D).

[0042] Additionally, ergonomic pallet stands may be incor-
porated to mechanically adjust the height of the pallet to
facilitate the depalletization of the cases, especially where the
cases are more than 35 Ibs. The RFID application system
provides direction to the operator as to case orientation
requirements on the conveyor and/or line setup activities that
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should be performed (i.e., changing Y location settings for
printer applicator equipment if the X'YZ automation option is
not chosen).

[0043] The conveyor will accumulate cases intelligently in
that the conveyor singulates or separates the cases and knows
if the printer applicator is in a “ready” state for RFID tag
application. The conveyer does this via a machine interface
between the printer applicator and the RFID application sys-
tem (e.g., a printer applicator controller and a conveyer con-
troller thereof), thereby substantially eliminating an overrun
of'the printer applicator. What is meant by “overrun” is that if
the printer applicator and the conveyor are not integrated,
then the conveyor will send cases regardless of the status of
the printer applicator, which can result in poor and expensive
consequences. The event manager of the RFID application
system coordinates the actions of the printer applicator con-
troller and conveyer controller to control the printer applica-
tor and conveyer, respectively.

[0044] As an example, if the printer applicator skips a bad
RFID tag (a common internal printer applicator process), then
the printer applicator will automatically take an appropriate
amount of additional time (e.g., hold the next steps) to pro-
duce a good RFID tag ready for application on the next case.
Without intelligent integration, the conveyor would send the
next case to the printer applicator, and no RFID tag would be
applied to that case. Since the RFID tag would fail validation
(no RFID tag applied), the RFID system would reject that
case thus creating rework. As the RFID application system is
designed to include integration, the rework is substantially
eliminated in that the conveyor waits until the “ready” signal
from the printer applicator before allowing the next case
reach the printer applicator.

[0045] Turning now to FIG. 15, illustrated is a flow diagram
directed to encoding the actual RFID values and printing the
readable information on the RFID tags after cases are depal-
letized (referred to as “Subsystem 5 and designated step “5”
in FIGS. 8 and 9). The printer applicator writes the RFID data
to an RFID circuit in a label and prints any needed, for
instance, human-readable information on the label per the
advised information from the printer applicator controller of
the RFID application system. Unique serializations for the
RFID compliance data will be managed across multiple sites/
locations and can be managed by the compliance manager of
the RFID application system. The printer applicator will
verify the RFID tags written for RFID readability, and failed
RFID tags will be collected by the printer applicator. Since
only good RFID tags will be applied to cases, the chances of
rework are reduced. The RFID application system will also
alert operators of printer applicator error conditions such as
out of media jams, etc. via the printer applicator controller,
thereby further enhancing overall substantially error-free
operation.

[0046] Turning now to FIG. 16, illustrated is a flow diagram
for applying an RFID tag to a product (e.g., case) (referred to
as “Subsystem 6 and designated step “6” in FIGS. 8 and 9).
Consider that the printer applicator has just discharged an
encoded RFID tag onto an applicator pad. Once the printer
applicator has peeled or discharged a good RFID tag, the
printer applicator sends a ready signal to the printer applicator
controller of the RFID application system. Then, the RFID
application system, in conjunction with the event manager,
releases the next case for application from the waiting zone or
queue prior to the printer applicator. As the case passes a
photo eye triggering device, the applicator pad is activated to
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apply or tamp the RFID tag onto the case. Tamping the RFID
tag is but one application method and other application meth-
ods such as air apply (a’k/a, “blow on”) and “wipe on” are
equally acceptable.

[0047] Timing and physical tuning of the RFID system is
necessary to have the RFID tag applied in the appropriate
place for each SKU, and the RFID application system in
conjunction with the workflow and event managers allows for
digital configuration of delay and positioning criteria for the
RFID system. For example, the RFID tag placement x-coor-
dinate is dependent on the speed of the conveyor as well as a
time delay after the photo eye RFID tag application triggering
event. The time delay could be zero, but it could be set to a
longer time to delay, for instance, by causing the photo eye
triggering device to place the RFID tag closer to a trailing
edge of the case.

[0048] As the printer applicator encounters bad RFID tags,
it will fail the RFID tags internally and print a readable
overstrike graphic (e.g., horizontal and vertical grid lines or
void) on the label. Some printer applicators are intelligent
enough so as not to peel or discharge the bad RFID tags,
which are then skipped by the printer applicator and the
printer applicator queues up the next RFID tag for encoding.
Depending on the intelligence of the printer applicator, the
RFID application system may be configured to reject cases
that have no RFID tag or bad RFID tags applied thereto. The
RFID application system in conjunction with the printer
applicator controller and compliance manager tracks the
number of overstrikes in the printer applicator so that statis-
tics on RFID tag yields may be tracked in a database thereof.
[0049] Turning now to FIG. 17, illustrated is a flow diagram
demonstrating a verification of the application of the RFID
tag (referred to as “Subsystem 7 and designated step “7” in
FIGS. 8 and 9). Since mechanical devices may not be 100%
reliable, the RFID application system allows for an indepen-
dent, secondary validation of the RFID tag. The validation
also provides confirmation that the RFID tag was, in fact,
applied to the case, as sometimes labels fall off the printer
applicator. Additionally, the RFID application system verifies
that the RFID tag can be read according to the RFID specifi-
cations as determined by the standards bodies. If the encoded
RFID tag value is read by an RFID reader (via an interface to
the RFID reader), then the case is counted as “validated” and
it is aggregated or associated with a pallet identification num-
ber (“pallet ID”) in the RFID application system. The RFID
application system will continue to validate the cases until the
total expected cases on that pallet equals the total number of
validated cases for that pallet. Again, the RFID reader may be
configured by the configuration system of the RFID applica-
tion system, and the validation process invokes several sub-
systems thereof such as the event manager to coordinate an
operation of the RFID reader and the compliance manager to
validate the RFID tag and the RFID tagged case.

[0050] Turning now to FIG. 18, illustrated is a flow diagram
of'an operation should a case fail validation for, as examples,
operational reasons, mechanical printer applicator failures, or
programmable logic controller (“PLC”) failures (referred to
as “Subsystem 8" and designated step “8” in FIGS. 8 and 9).
In this instance, the RFID reader will not read the expected
RFID value on that case and the RFID application system via
the event manager will notify a reject pusher or diverter to
reject the case. The RFID application system (via the com-
pliance manager) counts a rejection and the RFID application
system triggers a new “request” for a replacement number to
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print a new RFID tag for that case. A counter is updated in real
time automatically by the RFID application system and a
sample screen shot of the operation is illustrated in FIG. 12D.
[0051] Turning now to FIG. 19, illustrated is a flow diagram
demonstrating an operation of the RFID system should a
reject occur (referred to as “Subsystem 9” and designated step
“9” in FIGS. 8 and 9). In this instance, the case is physically
removed from the main processing line without impacting
production rates of subsequent cases and the information is
conveyed back to an inbound operator for processing. The
illustrated flow diagram illustrates the rejected case being
returned to the inbound operator for removal of the bad RFID
tag (if one was applied), and the placement of that case back
on the inbound conveyor. This process makes it easier for
inbound operators as the data is accounted for on the RFID
application system with reduced operator intervention (justto
remove a bad RFID tag).

[0052] The RFID application system also allows for the
recording (either electronically or in a manual paper log) of
bad RFID tags in a log with disposition codes in accordance
with a compliance manager thereof. The logs, combined with
proper conveyor intelligence, help to refine the RFID process
and reduce the rejected cases. For example, conventional
manual systems typically apply bad RFID tags an average of
10% of the time. Without delineating the reasons for the bad
RFID tags, the conventional systems will not be able to define
and solve the rejection problems.

[0053] Incontrast, the RFID application system averages a
reject rate around 0.25% or less, which is a cost effective
alternative to scaling the manual solution that may be crippled
with high rejection percentages. The reject logs have deter-
mined that the majority of the 0.25% of cases is due to
mechanical printer applicator failures to peel the RFID tags,
not the RFID tags themselves. The system data mining
included within the RFID application system in accordance
with the compliance manager clearly provides the informa-
tion for future system and process improvements.

[0054] Turning now to FIGS. 20A (collectively FIGS.
20A-1 and 20A-2) to 20E, illustrated are flow diagrams and
screen shots demonstrating palletizing the RFID cases onto a
pallet ready for storage or outbound shipment to customers
(referred to as “Subsystem 10,” designated step “10” in FIG.
8 and referred to as “Subsystems 10A and 10X” and steps
“10,” “10A,” and “10X,” respectively, in FIG. 9). Beginning
with FIG. 20D, illustrated is an outbound user interface that
tracks the total expected number of cases as well as the
number of validated and rejected cases. In this way, the opera-
tors know what to expect from a completion of the pallet stand
point and are better aware of the total RFID process. In
addition, since each SKU can potentially have a different
stack pattern to create stable pallets for shipment and han-
dling, the RFID application system displays a pallet configu-
ration graphic to instruct outbound operators how to restack
the cases. This approach enables the operators to receive on
the job training that reduces the impact of high turnover, a
common occurrence in operations, as well as operator errors.
The screen shot in FIG. 20D displays palletizing RFID-
tagged cases. The RFID application system (in conjunction
with the pallet configuration subsystem) automatically tracks
the status of the pallet dynamically and provides dynamic
instructions to the operator along with graphical cues or
instructions for processing.

[0055] Turning to FIG. 20FE, illustrated is a screen shot of'a
“pallet complete” message that indicates to the operators that
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the RFID application system has validated as many cases as
expected and, thus, the current pallet is complete. The system
is ready to RFID tag the next pallet. This screen follows the
main palletization screen. After the operators palletize all the
cases on the conveyor, the operators press the “OK” button
indicating that they are ready for the next palletization screen.
[0056] Turning now to FIG. 20B (collectively FIGS. 20B-1
and 20B-2), illustrated is a flow diagram for automatically
palletizing RFID cases instead of manually restacking the
cases, including the steps for interfacing to an automated
palletizer. A secondary user interface is employed to know
when the palletizer jams, but this is substantially avoided or
eliminated if the palletizer is sufficiently intelligent to
“know” this information. The flow diagram assumes that the
palletizer does not possess any additional diagnostic intelli-
gence to substantially eliminate the operator interface, which
of course may be accommodated by the RFID application
system.

[0057] Turning now to FIG. 20C (collectively FIGS. 20C-1
and 20C-2), illustrated is a flow diagram illustrating an exem-
plary automated palletizer failure decision tree, with auto-
mated systems, and specifically denoting that the failure
points are accounted for and handled with a solution, either
manual or automatic. The RFID application system handles
the possible failures with reduced input from the operators to
maintain a streamlined operational process flow. Obviously
there are different palletizer machines, which may have dif-
ferent failure points. The RFID application system can plan
for, control and manage an RFID solution to accommodate
any number of failures. A pallet configuration subsystem of
the RFID application system directs a rebuilding of the pal-
lets. It is also contemplated that RFID pallets can be com-
bined to form a combined (e.g., a single) RFID pallet and the
RFID application system can accommodate such a task with-
out having to run the pallets through the entire process. In
other words, the RFID application system will redirect pal-
letizing the combined RFID pallet and update a database to
reflect the case IDs with a pallet ID of the combined pallet.
[0058] Turning now to FIGS. 21A to 21E, illustrated are
flow diagrams and screen shots demonstrating RFID pallet
tag encoding (referred to as “Subsystem 11" and designated
step “11” in FIG. 8 and steps “11” and “11B” in FIG. 9). FIG.
21A illustrates a flow diagram that includes manual triggering
of the RFID pallet tag encoding. The RFID application sys-
tem reads for unique case identification numbers (“case [Ds”)
that are systemically associated with a unique pallet identifi-
cation number (“pallet ID”) as well as a license plate number
(“LPN”). The pallet ID is to the case ID like a parent/child
relationship. This parent/child relationship is useful in deter-
mining which pallet RFID tag value should be encoded and
printed. By RFID reading the children, the identification
number of the parent is located in the database and sent, via
the printer applicator controller, to a printer applicator or a
table top printer for encoding/printing. Additionally, the
printer applicator may create and print an RFID tag directly
onto the product without a need for a separate label, or the
like.

[0059] Turning now to FIG. 21B (collectively FIGS. 20B-1
and 21B-2), illustrated is flow diagram of an automated ver-
sion of the RFID pallet tag encoding subsystem. Instead of the
manually triggered event, a photo eye triggers the child read
with the parent lookup. Those skilled in the art understand
that there could be any number of triggering events that fall
within the scope of the present invention. Again, several sub-
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systems such as the compliance manager and printer applica-
tor controller of the RFID application system are invoked to
perform RFID pallet tag encoding and verification.

[0060] The screen shots provided in FIGS. 21C to 21E
illustrate exemplary screens generated by the RFID applica-
tion system to facilitate pallet RFID tag writing (and encod-
ing) and verification. In addition, operator instructions are
provided as needed, thereby reducing operator error and
operator training. More specifically, FIG. 21C is an initial
operator screen when performing the pallet RFID tag write/
verify process. On this screen, the operator triggers the read-
ing of case IDs so that the RFID application system will know
to which pallet ID the cases belong. Once the RFID applica-
tion system has identified which pallet ID and LPN goes on
the pallet, it triggers the print jobs to the appropriate printers.
The screen shot of FIG. 21D shows exemplary graphical
instructions as to pallet RFID tag and LPN placement loca-
tions on the pallet. After the pallet RFID tag is applied, the
operator will validate that the pallet RFID tag can be read.
Once read successfully, the screen as illustrated in FIG. 21E
will update dynamically with an icon. In the illustrated
embodiment, an icon in the form of a light indicates a passing
validation. If the validation failed, the light indicator may be
red and the operator would be given the opportunity to reprint
the pallet RFID tag and/or revalidate the pallet.

[0061] Turning now to FIG. 22, illustrated is a flow diagram
of the application of an encoded and printed pallet RFID tag
to a pallet in a location per an RFID mandate (referred to as
“Subsystem 12” and designated step “12” in FIGS. 8 and 9).
This is an illustration of a manual and automated application
of the pallet RFID tag. In the manual process, the printed
RFID tag is removed from a table top RFID printer, peeled,
and applied to the pallet. The RFID application system pro-
vides the operator a user interface with a photo or graphic of
where to apply the RFID tag on the pallet by specifying side
and x-, and y-coordinates when facing that side.

[0062] The RFID application system in conjunction with
the compliance manager provides a methodology by which
the RFID tag may be located in a different place for different
RFID mandate standards or in different places based on SKU.
In either case, the user interface will provide the appropriate
instructions to accomplish the task. Those skilled in the art
understand that the location may vary SKU to SKU as the
RFID properties of every product are not the same. The ability
to account for this variation is within the context of the RFID
application system.

[0063] Turning now to FIG. 23 (collectively FIGS. 23A and
23B), illustrated is a flow diagram of a validation of the
applied pallet RFID tag once placed on the pallet (referred to
as “Subsystem 13" and designated step “13” in FIGS. 8 and
9). Since this is how the specification is defined by the retail
establishment’s standard in this embodiment (pallet ID
should be read on the pallet), it is preferable that a validation
read be performed in the same manner in which the retailer
will be reading that pallet at their facility. There are automatic
and manual methods described in the flow diagram that
explain how the validation is performed. Again, an RFID
reader may be configured by the configuration system of the
RFID application system, and the validation process invokes
several subsystems thereof such as the event manager to
coordinate an operation of the RFID reader and the compli-
ance manager to validate the RFID tag and the RFID tagged
pallet.
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[0064] The RFID application system also accommodates
non-RFID pallets in these processes and has ways of deter-
mining if these are RFID pallets or not. For example, a non-
RFID pallet would not have case IDs on the cases. The RFID
application system leverages this knowledge in that upon
sensing a pallet, it first attempts to read case IDs (indicated in
aheader value on the case ID). If no case RFID tags are read,
then the RFID application system deduces that the current
palletis a non-RFID pallet and skips RFID processes therefor.
This additional flexibility is important to a complete solution
offering since current mandate volumes need not be at 100%
of production, and “RFID only” is not a requirement of the
RFID application system. As such, customers have the capa-
bility to RFID tag a small percentage of their products and
scale that volume up as mandates evolve. The RFID applica-
tion system pragmatically accommodates these operational
realities while existing as a scalable solution.

[0065] After the pallet RFID tag is applied, operators may
take the pallet away to storage or to shipping for loading onto
an outbound vehicle. If the pallet is still to be moved with a
warehouse management system (“WMS”) or with any other
type of inventory tracking system, it will likely be necessary
to re-apply the license plate number (“LPN”) so that the
WMS can locate the product efficiently.

[0066] Turning now to FIG. 24 (collectively FIGS. 24A and
24B), illustrated is a flow diagram that demonstrates printing
and re-application of the LPN which, as an integration of the
RFID application system in cooperation with the WMS
operations, further makes the system more seamless to opera-
tor (referred to as “Subsystem 14” and designated step “14” in
FIGS. 8 and 9). In addition, this step in the process allows for
better inventory control of RFID tagged pallets so that the
additional cost of RFID tags and labor do not to go to waste if
the pallet were to be accidentally shipped to a customer that is
not equipped to receive RFID pallets/cases.

[0067] Turning now to FIG. 25, illustrated is a flow diagram
demonstrating a pallet leaving the RFID system area once the
LPN or moveable unit identification is on the pallet (non-
RFID labeled in this example) (referred to as “Subsystem 15”
and designated step “15” in FIGS. 8 and 9). The RFID appli-
cation system allows for fully integrated RFID/L.PN tags. The
FIGURE illustrates how fork lift operators or material han-
dling equipment are capable of removing the product from a
line of the RFID system for movement into storage racks,
loading into shipping trucks, or any other pre-designated
function. An event manager of the RFID application system
may coordinate the activity associated with moving the pal-
lets.

[0068] Turning now to FIGS. 26A (collectively FIGS.
26A-1 and 26A-2) to 26F, illustrated are flow diagrams and
screen shots demonstrating a rework operation in the event of
damaged cases or post-application RFID tag failure (referred
to as “REWORK” and designated step “RW” in FIGS. 8 and
9). While the RFID application system alleviates many of the
errors associated with the conventional processes, the RFID
application system provides end-to-end RFID solution capa-
bilities and includes a capability for reworking RFID tagged
products in the event of emergencies or accidents and can
maintain records of the specific errors (e.g., RFID tag in the
wrong location or defective RFID tag) for quality assurance.
[0069] Forexample,ifan RFID taggedpalletis stored inthe
warehouse racks and an operator of a forklift hits and dam-
ages two RFID tagged cases, the RFID tags may survive the
impact, but the cases may be damaged to the point of loss.
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Instead of negating the entire pallet of RFID cases and remov-
ing them from the database, the rework process allows for the
operator to add two more cases in good condition while the
RFID application system automatically provides two more
case IDs with correctly encoded values via the compliance
manager. Not only are the RFID case labels encoded, but the
RFID application system automatically updates the damaged
RFID tags as damaged status as well as automatically
appends the two new tag identification numbers as children of
the original pallet ID. The solution provides that operators tell
the RFID application system for which RFID tags they want
replacements, and they have three options for identifying the
rework candidates.

[0070] FIGS. 26B to 26F illustrate exemplary screen shots
generated by the RFID application system to facilitate the
rework process. In addition, operator instructions are pro-
vided as needed and, consequently, operator error and opera-
tor training are reduced. The options of the screen in FIG. 26B
illustrate how operators may scan the tag identification bar-
code printed on the case label. The RFID application system
automatically queries the barcoded value, automatically
prints/encodes a replacement, and updates the database
records. The options of the screen in FIG. 26C illustrates how
operators may RFID scan the tag identification number via an
RFID reader and antenna. The RFID application system in
conjunction with the event manager, compliance manager
and printer applicator controller automatically queries the
case tag value, automatically prints/encodes a replacement
RFID tag, and updates the database records. The options of
the screen in FIG. 26D illustrate how operators may RFID
scan the entire pallet of cases and pallet IDs in the event that
some case RFID tags are missing entirely. The RFID appli-
cation system automatically queries the RFID read values,
automatically identifies and displays the expected RFID tags
on that pallet, allows for the operator to manually choose
which RFID tags to replace, automatically prints/encodes a
replacement, and updates the database records. The screen in
FIG. 26E illustrates an example of how the RFID application
system will trap errors if operators supply errant, invalid, or
non-existent tag identification numbers. The screen in FIG.
26F illustrates how operators may receive rework RFID tag
confirmation so that operators have feedback that the RFID
tag entered is located in the system from which it was origi-
nally created.

[0071] The exemplary FIGUREs and accompanying
description contained herein are indicative of actual RFID
applications, and those skilled in the art realize that many
embodiments and permutations of the RFID application sys-
tem could exist from the systems, subsystems or objects dis-
closed herein. The aforementioned example is intended to
convey an understanding ot how the RFID application system
can be employed to enable RFID compliance and is not
restricted to the illustrations and application provided above.
Additionally, exemplary subsystems and modules within the
RFID application system were illustratively and non-ex-
haustedly invoked to perform the aforementioned steps. The
RFID application system is preferably an automated system
that controls and monitors the RFID system and provides
status, alarms, logs and/or corrective measures therefor.

[0072] Turning now to FIGS. 27 to 43, illustrated are a
system level diagram and flow diagrams of an embodiment of
an RFID system including an embodiment of an RFID appli-
cation system that demonstrate exemplary steps of operating
the same in accordance with the principles of the present
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invention. For purposes of illustration, FIGS. 37, 38 and 39
have been divided into FIGS. 37A and 37B, 38 A and 38B, and
39A and 39B, respectively. The aforementioned RFID system
and steps of operating the same provide yet another exem-
plary method of operating the RFID application system. The
figures assist in the understanding of a flow of information
and goods therefor. As before, the illustrated embodiments
provide specific examples associated with the RFID applica-
tion system, and variations therefrom are well within the
broad scope of the present invention. Also, the FIGUREs
herein and accompanying description may use definitive lan-
guage for the sake of specific examples. It should be under-
stood that the definitive language may be replaced with per-
missive language in accordance with the principles of the
present invention.

[0073] For abetter understanding of RFID technologies, in
general, see “RFID Handbook,” by Klaus Finkenzeller, pub-
lished by John Wiley & Sons, Ltd., 2" edition (2003), which
is incorporated herein by reference. For a better understand-
ing of RFID tags in compliance with the EPC, see “Technical
Report 860 MHz-930 MHz Class I Radio Frequency Identi-
fication Tag Radio Frequency & Logical Communication
Interface Specification Candidate Recommendation,” Ver-
sion 1.0.1, November 2002, promulgated by the Auto-ID
Center, Massachusetts Institute of Technology, 77 Massachu-
setts Avenue, Bldg 3-449, Cambridge Mass. 02139-4307,
which is incorporated herein by reference. For a related appli-
cation, see U.S. Patent Application Publication No. 2006/
0212141, entitled “Radio Frequency Identification-Detect
Ranking System and Method of Operating the Same,” Abra-
ham, Jr., et al., filed Feb. 24, 2006, which is incorporated
herein by reference. For a better understanding of conven-
tional RFID readers, see the following RFID readers, namely,
“MP9320 UHF Long-Range Reader,” provided by SAMSys
Technologies, Inc. of Ontario, Canada, “MR-1824 Sentinel-
Prox Medium Range Reader,” by Applied Wireless 1D of
Monsey, N.Y. (see also U.S. Pat. No. 5,594,384 entitled
“Enhanced Peak Detector,” U.S. Pat. No. 6,377,176 entitled
“Metal Compensated Radio Frequency Identification
Reader,” and U.S. Pat. No. 6,307,517 entitled “Metal Com-
pensated Radio Frequency Identification Reader”), “2100
UAP Reader,” provided by Intermec Technologies Corpora-
tion of Everett, Wash. and “ALR-9780 Reader,” provided by
Alien Technology Corporation of Morgan Hill, Calif. The
aforementioned references, and all references herein, are
incorporated herein by reference in their entirety.

[0074] Also, although the present invention and its advan-
tages have been described in detail, it should be understood
that various changes, substitutions and alterations can be
made herein without departing from the spirit and scope of the
invention as defined by the appended claims. For example,
many of the systems, subsystems and methodologies dis-
cussed above can be implemented in different methodologies
and replaced by other related systems and subsystems, or a
combination thereof, to advantageously form an RFID appli-
cation system for an RFID system as described herein.

[0075] Moreover, the scope of the present application is not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As
one of ordinary skilled in the art will readily appreciate from
the disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that perform
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substantially the same function or achieve substantially the
same result as the corresponding embodiments described
herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include
within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps.

What is claimed is:

1. A radio frequency identification (RFID) application sys-
tem for use with an RFID system adapted to apply an RFID
tag to a product, comprising:

a printer applicator controller configured to manage an

operation of a printer applicator of said RFID system;

a compliance manager configured to coordinate RFID

compliance data to derive a unique identification num-
ber for said RFID tag; and

an event manager configured to coordinate said operation

of said printer applicator controller to facilitate proper
placement of said RFID tag on said product.

2. The RFID application system as recited in claim 1 fur-
ther comprising an interface configured to provide connec-
tivity to external systems associated with said RFID system
and an electronic data interchange configured to provide
RFID compliance data from a database of said RFID appli-
cation system to said external systems via said interface.

3. The RFID application system as recited in claim 1 fur-
ther comprising a configuration subsystem configured to
setup systems of said RFID system.

4. The RFID application system as recited in claim 1 fur-
ther comprising a workflow manager configured to derive
workflow processes associated with said RFID system,
wherein said event manager is configured to coordinate said
operation of said printer applicator controller as a function of
said workflow processes.

5. The RFID application system as recited in claim 1 fur-
ther comprising a conveyor controller configured to manage
an operation of a conveyor of said RFID system employable
with a manufacturing line associated with a supply chain
management system.

6. The RFID application system as recited in claim 1 fur-
ther comprising a pallet configuration subsystem configured
to provide pictorial training diagrams to direct a rebuilding of
said pallet after depalletization.

7. The RFID application system as recited in claim 1 fur-
ther comprising a user interface configured to provide a
graphical user interface with an operator of said RFID appli-
cation system.

8. The RFID application system as recited in claim 1
wherein said RFID compliance data is selected in accordance
with at least one of a license plate number, a standard and a
product code.
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9. The RFID application system as recited in claim 1
wherein said printer applicator controller is configured to
employ Cartesian coordinates to facilitate proper placement
of'said RFID tag on said product.

10. The RFID application system as recited in claim 1
wherein said event manager is configured to coordinate an
operation of an RFID reader of said RFID system to validate
said RFID tag.

11. A method of operating a radio frequency identification
(RFID) application system for use with an RFID system
adapted to apply an RFID tag to a product, comprising:

managing an operation of a printer applicator of said RFID

system,

deriving a unique identification number for said RFID tag

from RFID compliance data; and

coordinating an operation of said printer applicator to

facilitate proper placement of said RFID tag on said
product.

12. The method as recited in claim 11 further comprising
providing connectivity to external systems associated with
said RFID system and providing said RFID compliance data
to said external systems.

13. The method as recited in claim 11 further comprising
deriving worktlow processes associated with said RFID sys-
tem and coordinating said operation of said printer applicator
as a function thereof.

14. The method as recited in claim 11 further comprising
managing an operation of a conveyor of said RFID system
employable with a manufacturing line associated with a sup-
ply chain management system.

15. The method as recited in claim 11 further comprising
directing a rebuilding of a pallet in accordance with pictorial
training diagrams after depalletization.

16. The method as recited in claim 11 further comprising
providing a graphical user interface with an operator of said
RFID application system.

17. The method as recited in claim 11 wherein said RFID
compliance data is selected in accordance with at least one of
a license plate number, a standard and a product code.

18. The method as recited in claim 11 wherein said coor-
dinating said operation of said printer applicator further com-
prises employing Cartesian coordinates to facilitate proper
placement of said RFID tag on said product.

19. The method as recited in claim 11 further comprising
coordinating an operation of an RFID reader of said RFID
system to validate said RFID tag.

20. The method as recited in claim 11 further comprising
coordinating said operation of said printer applicator to facili-
tate proper placement of a replacement RFID tag on said
product.



