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METHOD AND APPARATUS TO READ 
DIFFERENT TYPES OF DATA CARRIERS, SUCH 
AS RFID TAGS AND MACHINE-READABLE 

SYMBOLS, AND A USER INTERFACE FOR THE 
SAME 

TECHNICAL FIELD 

[0001] This application relates to methods and apparatus 
for reading data carriers such as machine-readable symbols 
(e.g., barcode symbols, area and/or matrix code symbols) 
and Wireless memory devices (e.g., RFID tags). 

BACKGROUND OF THE INVENTION 

[0002] A variety of methods exist for tracking and pro 
viding information about items. For example, inventory 
items typically carry printed labels providing information 
such as serial numbers, price, Weight, and siZe. Some labels 
include data carriers in the form of machine-readable sym 
bols that can be selected from a variety of machine-readable 
symbologies, such as bar code, and/or area or matrix code 
symbologies. The amount of information that the symbols 
can contain is limited by the space constraints of the label. 
Updating the information in these machine-readable sym 
bols typically requires the printing of a neW label to replace 
the old label. 

[0003] Data carriers such as memory devices provide an 
alternative method for tracking and providing information 
about items. Memory devices permit the linking of large 
amounts of data With an object or item. Memory devices 
typically include a memory and logic in the form of an 
integrated circuit (“IC”) and means for transmitting data to 
and/or from the device. For example, a radio frequency 
identi?cation (“RFID”) tag typically includes a memory for 
storing data, an antenna, an RF transmitter, and/or an RF 
receiver to transmit data, and logic for controlling the 
various components of the memory device. RFID tags are 
generally formed on a substrate and can include, for 
example, analog RF circuits and digital logic and memory 
circuits. The RFID tags can also include a number of discrete 
components, such as capacitors, transistors, and diodes. 

[0004] RFID tags can be passive, active or hybrid devices. 
Active devices are self-poWered, by a battery for example. 
Passive devices do not contain a discrete poWer source, but 
derive their energy from an RF signal used to interrogate the 
RFID tag. Passive RFID tags usually include an analog 
circuit that detects and decodes the interrogating RF signal 
and that provides poWer from the RF ?eld to a digital circuit 
in the tag. The digital circuit generally executes all of the 
data functions of the RFID tag, such as retrieving stored data 
from memory and causing the analog circuit to modulate the 
RF signal to transmit the retrieved data. In addition to 
retrieving and transmitting data previously stored in the 
memory, the RFID tag can permit neW or additional infor 
mation to be stored in the RFID tag’s memory, or can permit 
the RFID tag to manipulate data or perform some additional 
functions. RFID tags are available from a number of manu 

facturers, including Texas Instruments, Dallas, Tex., and 
Omron of Japan. 

[0005] Another form of memory device is an optical tag. 
Optical tags are similar in many respects to RFID tags, but 
rely on an optical signal to transmit data to and/or from the 
tag. 
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[0006] Additionally, touch memory data carriers are avail 
able, for example touch memory devices from Dallas Semi 
conductor of Dallas, Tex. Touch memory devices are similar 
to RFID tags but require physical contact With to store and 
retrieve data. 

[0007] A user typically secures a data carrier to an item, 
such as a good, product, or container by Way of a pressure 
sensitive adhesive. The data carrier often encodes informa 
tion speci?cally relating to the item such as identifying or 
destination information. An individual, such as a checkout or 
inventory clerk, can retrieve data about any given item, for 
example, by scanning the machine-readable symbol or inter 
rogating the RF tag, optical tag, or touch memory device. 
Access to the data can be useful at the point of sale, during 
inventory, during transportation, or at other points in the 
manufacture, distribution, sale, or use of the tagged item. 

[0008] Relatively high cost is one of the draWbacks of 
memory devices, thus, many applications rely on the less 
expensive printed machine-readable symbols. Another sig 
ni?cant draWback is the difficulty of identifying a particular 
memory device from a group of memory devices. It is 
particularly dif?cult to associate the information read from 
the RFID tag With a physical item or container. The ability 
to read data from different types of data carriers, for example 
machine-readable symbols and RFID tags, and/or to asso 
ciate and manipulate such data can provide numerous ben 
e?ts in the automatic data collection (“ADC”) industry. 

SUMMARY OF THE INVENTION 

[0009] In one aspect a data carrier reader includes an 
RFID tag reading section and a machine-readable symbol 
reading section, Which can contain some common compo 
nents. The reader is operable in an RFID tag reading mode 
and/or a symbol reading mode. The reader provides a 
consistent and intuitive user interface Within, and betWeen, 
the operating modes. The user interface can include visual, 
aural and tactile indicators. The visual indicators can include 
a pattern displayed by indicators on the reader, or projected 
onto or near the data carrier. 

[0010] In another aspect, a data carrier reader is capable of 
executing a number of different reading methods. A method 
for reading single RFID tags can store read data to a buffer 
for eventual transmission to a host, and can suppress redun 
dant data. Another method identi?es all RFID tags having a 
characteristic data string that appears on a list. In contrast, 
another method identi?es any RFID tags having a charac 
teristic data string that does not appear on the list. Still 
another method associates data read from an RFID tag With 
a particular object or item using a data coded in a machine 
readable symbol. In a further method, the machine-readable 
symbol is automatically read When the RFID tag is Within a 
predetermined proximity of the reader. In each method, a 
consistent and intuitive output can be provided to the user to 
identify the successful and unsuccessful operations such as 
reading an RFID tag or machine-readable symbol. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] In the draWings, identical reference numbers iden 
tify similar elements or acts. The siZes and relative positions 
of elements in the draWings are not necessarily draWn to 
scale. For example, various elements may be arbitrarily 
enlarged and positioned to improve draWing legibility. 
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[0012] FIG. 1 is a partial block diagram, partial front 
elevational vieW of a facility including a data carrier reader 
reading data carriers carried by a number of items, the reader 
communicate With a host through an interface. 

[0013] FIG. 2 is a functional block diagram of the reader 
according to one embodiment of the invention. 

[0014] FIG. 3 is a top plan vieW of the reader of FIG. 2. 

[0015] FIG. 4 is a partial top plan vieW of an alternative 
set of visual indicators for the reader of FIG. 2. 

[0016] FIGS. 5A-5C together form a chart of selected 
input and output signals for operating the reader of FIG. 2 
and the visual indicators of FIG. 4. 

[0017] FIG. 6 is a top plan vieW of a graphic display of the 
reader of FIG. 3. 

[0018] FIG. 7 is a top plan vieW of an alpha-numeric 
display of the reader of FIG. 3. 

[0019] FIG. 8 is a ?oWchart shoWing a method of reading 
single RFID tags. 

[0020] FIG. 9 is a ?oWchart shoWing a method of deter 
mining When a reader is ?nished reading RFID tags. 

[0021] FIG. 10 is a ?oWchart shoWing a method of 
reading multiple RFID tags. 

[0022] FIG. 11 is a ?oWchart shoWing a method of per 
forming an inclusive search of RFID tags. 

[0023] FIG. 12 is a ?oWchart shoWing a method of 
performing an exclusive search of RFID tags. 

[0024] FIG. 13 is a ?oWchart shoWing a method of 
associating data from an RFID tag With an item using a 
machine-readable symbol. 

[0025] FIG. 14 is a ?oWchart shoWing a method of 
automatically imaging a machine-readable symbol based on 
proximity to an RFID tag to associate data from an RFID tag 
With an item using the machine-readable symbol. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] In the folloWing description, certain speci?c details 
are set forth in order to provide a thorough understanding of 
various embodiments of the invention. HoWever, one skilled 
in the art Will understand that the invention may be practiced 
Without these details. In other instances, Well-known struc 
tures associated With RFID tags, RFID tag readers, one- and 
tWo-dimensional symbologies, symbol readers, micropro 
cessors and communication netWorks have not been shoWn 
or described in detail to avoid unnecessarily obscuring 
descriptions of the embodiments of the invention. 

[0027] The headings provided herein are for convenience 
only and do not interpret the scope or meaning of the 
claimed invention. 

[0028] Data Carrier Reader 

[0029] FIG. 1 shoWs a data carrier reader 10 reading one 
or more of a number of data carriers, such as the RFID tags 
12 on the containers or items 14. The reader 10 includes a 
head 16, a handle 18 and a trigger 20. An interface 22 can 
couple the reader 10 to a host 23, such as a centraliZed 
computer, as described in detail beloW. 
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[0030] The tags 12 can take the form of an RFID tag 12A 
that carries a machine-readable symbol 24A on a visible 
surface of the tag. Alternatively, the tags 12 can take the 
form of a separate RFID tag 12B and machine-readable 
symbol 24B. The separate RFID tag 12B and machine 
readable symbol 24B can be physically associated, for 
example, securing each to the same physical object, such as 
the item 14. The RFID tag 12A, 12B and machine-readable 
symbol 24A, 24B can contain logically associated informa 
tion, for example information related to the item 14 to Which 
the tags 12 are secured, such as identifying and/or shipping 
information. 

[0031] As shoWn in FIG. 2, the reader 10 contains an 
RFID tag reading section 30, a symbol reading section 32, 
a user input section 34, a user output section 36, and a 
communications section 38 all coupled by a bus 40. The bus 
40 provides data, commands and/or poWer to the various 
sections 30-38. The reader 10 can include an internal poWer 
source such as a rechargeable battery (not shoWn) or can 
receive poWer from an external poWer source such as a Wall 

outlet by Way of an electrical cord (not shoWn). Each of 
these sections 30-38 Will be described individually beloW, 
although in the illustrated embodiment some of these sec 
tions share common components. 

[0032] RFID Tag Reading Section 

[0033] FIG. 2 shoWs the RFID tag reading section 30 of 
the data carrier reader 10 including an antenna 42 coupled to 
a radio 44. The radio 44 is coupled via the bus 40 to a 
microprocessor 46 and a random access memory (“RAM”) 
48. The RAM 48 can include a characteristic data string 
buffer 49 to temporarily store characteristic data strings, as 
Will be explained in detail beloW. Alternatively, the reader 10 
can include a discrete characteristic data string buffer (not 
shoWn). While FIG. 2 shoWs a single microprocessor 46, the 
data carrier reader 10 may include separate dedicated pro 
cessors for each of the RFID tag and symbol reading 
sections 30, 32. 

[0034] While a dipole antenna 42 is shoWn, the data carrier 
reader 10 can employ other antenna designs. Of course, the 
antenna can be selected to achieve a particular focus, for 
example, a highly directional antenna can enhance the 
ability of the reader 10 to select a single RFID tag 12 out of 
a group of RFID tags. The radio 44 can take the form of a 
transceiver capable of transmitting and receiving at one or 
more of the frequencies commonly associated With RFID 
tags 12 (e.g., 350 kilohertZ, 400 kilohertZ, 900 kilohertZ). 
While these frequencies typically fall Within the radio fre 
quency range of the electromagnetic spectrum, the radio 44 
can successfully employ frequencies in other portions of the 
spectrum. Antenna design and radios are generally discussed 
in The ARRL Handbook for Radio Amateurs, 76th Ed., 
American Radio Relay League, NeWington, Conn., USA. 
(1999) (ISBN: 0-87259-181-6), and commonly assigned 
patent application U.S. Ser. No. 09/280,287, ?led Mar. 29, 
1999, entitled ANTENNA STRUCTURES FOR WIRE 
LESS COMMUNICATIONS DEVICE, SUCH AS RFID 
TAG (Atty. Docket No. 480062.648). 

[0035] A read only memory (“ROM”) 50 stores instruc 
tions for execution by the microprocessor 46 to operate the 
radio 44. As used in this herein, ROM includes any non 
volatile memory, including erasable memories such as 
EEPROMs. The programmed microprocessor 46 can control 
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the radio 44 to emit an interrogation signal, including any 
required polling codes or encryption, and to receive a return 
signal from an RFID tag 12A, 12B. The programmed 
microprocessor 46, RAM 48, radio 44 and antenna 42 thus 
form the RFID reading section 30. 

[0036] Symbol Reading Section 

[0037] FIG. 2 also shoWs the symbol reading section 32 of 
the data carrier reader 10 including an image sensor 52 and 
an illumination source, such as the laser 53. The image 
sensor 52 can take the form of a one- or tWo-dimensional 

charge coupled device (“CCD”) array. Alternatively, the 
reader 10 can employ other knoWn imaging devices, for 
example laser scanners or Vidicons. In certain embodiments, 
the data carrier reader 10 can omit the illumination source, 
for example Where the image sensor 52 is a tWo-dimensional 
CCD array operable With ambient light. Alternatively, the 
data carrier reader 10 can rely on other illumination sources, 
such as light emitting diodes (“LEDs”) or a strobe light, that 
can be positioned to illuminate a desired one of the machine 
readable symbols 24A, 24B. The reader 10 can employ 
suitable optics such as lens and mirrors (not shoWn) for 
directing light re?ected from the machine-readable symbol 
24A, 24B to the image sensor 52. 

[0038] The reader 10 includes an analog-to-digital (“A/ 
D”) converter 54, to transform the analog electrical signals 
from the image sensor 52 into digital signals for use by the 
microprocessor 46. The bus 40 couples the image data from 
the A/D converter 54 to the microprocessor 46 and the RAM 
48. A portion of the RAM 48 can form an image buffer 56 
for temporarily storing data, such as a captured image data 
from the image sensor 52. The ROM 50 contains instruc 
tions for the microprocessor 46, that permit the micropro 
cessor 46 to control the image sensor 52 to capture image 
data and to decode and/or manipulate the captured image 
data. The programmed microprocessor 46, RAM 48, image 
sensor 52, and A/D converter 54, thus form the symbol 
reading section 32. 

[0039] Symbol reading and decoding technology is Well 
knoWn in the art and Will not be discussed in further detail. 
Many alternatives for image sensors, symbol decoders, and 
optical elements that can be used in the reader 10 are taught 
in the book, The Bar Code Book, Third Edition, by Roger C. 
Palmer, Helmers Publishing, Inc., Peterborough, NH, 
USA. (1995) (ISBN 0-911261-09-5). 
[0040] Communications Section 

[0041] The communications section 38 includes a com 
munications buffer 47 and a communications port 49. The 
communications buffer 47 can temporarily store incoming 
and outgoing data and/or commands Where the communi 
cations speed of the reader 10 does not match the commu 
nications speed of some external device, such as the inter 
face 22 (FIG. 1). The communications port 49 provides 
communications betWeen the reader and external devices. 
While shoWn as a hardWire connection to the interface 22 
(FIG. 1), the communications port can be a Wireless inter 
face, and can even employ the antenna 42 and radio 44 of the 
RFID tag reading section 30. Additionally, the reader 10 can 
include the interface 22 as an integral part of the reader 10. 

[0042] The interface 22 (FIG. 1) can provide communi 
cations over a communications netWork 68 to the host 23, 
alloWing transmissions of data and/or commands betWeen 
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the reader 10 and the host 23. The communications netWork 
68 can take the form of a Wired netWork, for example a local 
area netWork (“LAN”) (e.g., Ethernet, Token Ring), a Wide 
area netWork (“WAN ”), the Internet, or the World Wide Web 
(“WWW”). Alternatively or additionally, the communica 
tions netWork 68 can be a Wireless netWork, for example, 
employing infrared (“IR”), satellite, and/or radio frequency 
(“RF”) communications. 

[0043] The host 23 can receive from each of a number of 
the readers 10, data collected from the RFID tags 12 and 
machine-readable symbols 24. The host 23 can use the data 
With a database, and can automatically manipulate the data, 
for example to automatically performing inventory or to 
track shipments. 

[0044] The host 23 can provide data and commands to 
each of a number of the readers 10. For example, the host 
can share data betWeen the readers 10, such as providing a 
list of either located or missing identi?ers, as Will be 
discussed in more detail beloW in reference to inclusive and 
exclusive searches. The host 23 can provide a command to 
toggle the reader 10 betWeen an RFID tag reading mode and 
a symbol reading mode, Which is described beloW in further 
detail. Thus, the host 23 can command, coordinate and share 
data betWeen a number of readers 10. Commonly assigned 
patent application U.S. Ser. No. 09/ , ?led, 1999, 
entitled, “SYSTEM AND METHOD FOR AUTOMATI 
CALLY CONTROLLING OR CONFIGURING A 
DEVICE, SUCH AS AN RFID READER” (Atty. Docket 
No. 480062.672) contains teachings that can be used to 
automatically control or con?gure the reader 10. 

[0045] User Input Section 

[0046] The user input section 34 includes the trigger 20, 
the mode sWitch 34, and can include a user input device 58. 
The bus 40 couples the mode sWitch 34 to the micropro 
cessor 46. In response to selection of the mode sWitch 34, the 
microprocessor 46 sWitches betWeen the symbol reading 
mode and the RFID tag reading mode, for example by 
toggling betWeen the tWo operating modes. The reader 10 
can employ additional operating modes, or sWitching posi 
tions as desired, for example a sWitch position that places the 
reader 10 in an OFF state or a WAIT state to conserve 

energy. 

[0047] In the symbol reading mode, the microprocessor 46 
operates the image sensor 52 to image one of the machine 
readable symbols 24A, 24B. The microprocessor 46 decodes 
the imaged symbol to retrieve the data encoded in the 
machine-readable symbol 24A, 24B, such as a respective 
identi?er. In the RFID tag reading mode, the microprocessor 
46 operates the radio 44 to emit an interrogation signal and 
to receive a response from one or more of the RFID tags 
12A, 12B to the interrogation signal. The microprocessor 46 
decodes the response signal to retrieve the data encoded in 
the RFID tag 12A, 12B, such as a respective identi?er. 

[0048] The mode sWitch 34 can be a membrane sWitch, 
mounted to the exterior of the reader 10 for easy selection by 
the user. The mode sWitch 34 can additionally, or alterna 
tively, be implemented in the softWare to supplement or 
replace the user selectable mode sWitch on the exterior of the 
reader 10. The softWare implemented sWitch is particularly 
useful Where the host 23 (FIG. 1) controls the operating 
mode of the reader 10. Alternatively, the mode sWitch 34 can 
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be implemented as an icon on a touch sensitive display 74. 
In further alternatives, the trigger 20 can function as the 
mode sWitch 37. In one instance, the number of successive 
trigger pulls or activations can determine the operating 
mode. For example, tWo successive trigger pulls can select 
the symbol mode, While three successive trigger pulls selects 
the RFID mode; or a single trigger pull can cause the reader 
10 to read a symbol While a double trigger pull toggles 
betWeen the symbol and RFID modes. Alternatively, the 
duration of trigger activation can determine the operating 
mode. For example, a trigger pull of under 0.5 seconds can 
select the symbol mode, While a trigger pull of longer than 
0.5 seconds can select the RFID mode; or a trigger pull of 
under 0.5 seconds can cause the reader 10 to read a symbol 
While a trigger pull of over 0.5 seconds toggles the reader 
betWeen the symbol and RFID modes. Additionally, or 
alternatively, the mode sWitch can be context sensitive, 
sWitching modes based on data read from a previously read 
data carrier 12A, 12B, 24A, 24B. For example, a previously 
read RFID tag 12A can indicate the existence of a symbol 
24A. In response, the data carrier reader 10 can automati 
cally sWitch into symbol mode and read the symbol 24A 
associated With the RFID tag 12A. 

[0049] The bus 40 also couples the trigger 20 to the 
microprocessor 46. In response to activation of the trigger 
20, the microprocessor 46 can cause the image sensor 52 to 
image one of the machine-readable symbols 24A, 24B When 
the reader 10 is operating in the symbol reading mode. In at 
least one embodiment, the microprocessor 46 can also cause 
the radio 44 and antenna 42 to emit an interrogation signal 
in response to the activation of the trigger 20 While in the 
reader 10 is operating in the RFID tag reading mode. 

[0050] The user input device 58 can take the form of a 
keypad 60 (FIG. 3), mouse, touch screen and/or other user 
operable device to input information and/or commands to 
the reader 10. The bus 40 couples the user input device 58 
to the microprocessor 46, to alloW the user to enter data and 
commands. 

[0051] User Output Section 
[0052] The user output section 36 includes human-percep 
tible visual and audio indicators 62, 64 respectively. The bus 
40 couples the visual and audio indicators 62, 64 to the 
microprocessor 46 for control thereby. The visual indicators 
62 can take a variety of forms, for example: light emitting 
diodes (“LEDs”); a graphic display such as a liquid crystal 
display (“LCD”), and/or an alpha-numeric display such as a 
7-segment display. The audio indicator 64 can take the form 
of one or more dynamic, electrostatic or pieZo-electric 
speakers 66. The speaker 66 is operable to produce a variety 
of sounds (e.g., Clicks and Beeps), and/or frequencies (e.g., 
tones), and to operate at different volumes. The reader 10 
can also include tactile indicators such as a vibrating mem 
ber. The speci?c operation of the user output section 36 is 
discussed in more detail beloW. 

[0053] FIG. 3 shoWs a portion of the user interface located 
on the head 16 of the reader 10. The user interface includes 
the elements of the user input section 34, such as the trigger 
20, the mode sWitch 34 and the keypad 60. The user interface 
also includes the elements of the user output section 36 
including the visual indicators 63 and the speaker 66. In 
particular, the visual indicators 62 in the illustrated embodi 
ment include a set of RFID related LEDs 70, a set of 
machine-readable symbol related LEDs 72, and a display 74. 
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[0054] The data carrier reader 10 can additionally, or 
alternatively, employ the laser 53 as the visual indicator. The 
laser can be successively pulsed or ?ashed according to a set 
of prede?ned human-recogniZable temporal patterns to pro 
vide information to the user, such as user indications cor 
responding to the various reader operations and/or the 
responses from the date carriers 12A, 12B, 24A, 24B. 
Employing the laser 53 as a portion of the user interface 
provides a number of distinct bene?ts. For example, oper 
ating the laser 53 to provide human-recogniZable patterns 
can eliminate the need for other visual indicators 62. The 
data carrier reader 10 can employ multiple illumination 
sources such as lasers 53 or LEDs of different colors, or an 
illumination source capable of producing a number of dif 
ferent colors to provide the appropriate user indications, as 
set out in FIGS. 5A-5C. As discussed in detail beloW, the 
human-recogniZable patterns can Sake the form of a pre 
de?ned sequence of laser ?ashes of one or more colors, 
separated by time (i.e., temporal pattern). 

[0055] The visual and audio indicators 62, 64 are con?g 
ured to provide an intuitive user interface consistent across 
the RFID tag and symbol reading modes. For example, the 
RFID tag related and symbol related LED sets 70, 72 each 
contain green 76, 78, yelloW 80, 82 and red 84, 86 LEDs, in 
an order or pattern that is consistent betWeen the sets. The 
particular LED 76-86, as Well as the number and/or pattern 
of ?ashes, is set such that the same color LEDs ?ash the 
same pattern for analogous RF tag reading and symbol 
reading activities. For example, the yelloW LED 80 in the 
RFID tag related set 70 ?ashes during the reading of one of 
the RFID tags 12A, 12B (FIG. 1), While the yelloW LED 82 
in the machine-readable symbol related set 72 ?ashes during 
the reading of one of the machine-readable symbols 24A, 
24B (FIG. 1). The reader 10 responds to a successful read 
of the RFID tag 12A, 12B or machine-readable symbol 24A, 
24B by illuminating the corresponding green LED 76, 78, 
respectively, for a set period of time such as 5 seconds. The 
red LEDs 84, 86 can indicate unsuccessful or incomplete 
operations. The user receives visual feedback, Where the 
color, position and sequence of the visual indicators 62 is 
consistent Within, and across the RFID tag and symbol 
operating modes. Consistent feedback can reduce training 
time and costs, and can lead to more ef?cient operation of 
the reader 10. 

[0056] Similar to the visual indicators 62, the speaker 66 
provides consistent feedback Within and across the operating 
modes. In the illustrated embodiment, the speaker 66 emits 
a “beep” or a “click” sound, although the speaker 66 can 
emit different and/or additional sounds. The speaker 66 can 
emit, for example, a single beep each time either an RFID 
tag 12A, 12B or a machine-readable symbol 24A, 24B is 
successfully read. When searching a ?eld of RFID tags 12A, 
12B for one or more particular tags, the speaker 66 can emit 
a click for each non-match and a beep for each match. 

[0057] The user interface can also include an ON/OFF 
indicator 97, and/or a LoW PoWer indicator 99 to identify the 
operating condition of the reader 10. 

[0058] FIG. 4 shoWs an alternative set of visual indicators 
for the reader 10. This alternative embodiment, and those 
alternative embodiments and other alternatives described 
herein, are substantially similar to previously described 
embodiments, and common acts and structures are identi?ed 
















