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detecting the RFID tags associated with those materials. The publication further
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updating the inventory status of the materials.

Summary of the Invention
The present invention relates to improvements in portable RFID readers, and in

20 particular to improvements in the user interface associated with such a reader. The user
interface may include one or more of a number of features that provide information to a
user, including the graphical representation of items (including the representation of a
location of or for one item relative to an area of interrogation), the use of sound, and the

use of light. These and other features of the inventive user interface are provided

25 below.

Brief Description of the Drawings
Various embodiments of the invention will be described below in reference to

the attached Figures, in which:
30 Figure 1 is a perspective view of a portable RFID reader,
Figure 2 is a second embodiment of a portable RFID reader,
Figure 3 is a third embodiment of a portable RFID reader,
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may be a screwdigutdtmnsdansuch agetriabletR¥EIDneaddre t ouch of a user's finger, or
with a stylus, or both. The 30 display may be part of a handheld conputer,
or personal digital assistant, of the type available from Pal m Conmputing

of Santa C apa, GCghi pRHILIRREAD Réader WW. pal m cont  under the designation
"PalmV," foTex—arrp#éh,b‘r_ﬁEy_b‘E’?é'par ate fromthe processor.
15 The portable RFID reader is preferably a handheld reader of the type shown in

Figure 1 at 100, and may include a display 102, a power source, a database, a
processor, an antenna 104, and other components such as a keypad 106, infrared
receiver and/or transmitter, function key(s) (as shown in Figure 2 at 140), or other
method of providing information to the reader. Altematively, some of those

20 components may not be included, or may be tethered to a handheld reader. For
example, the power source may Be connected to the RFID reader by a power cord as
shown in Figure 3 at 108, which can reduce the weight of the RFID reader itself.
Reference number 108 could also represent or include a data transmission line used by
the RFID reader to transmit and/or receive information. Other portable RFID readers

25 are shown in Figures 2, 3, 5 and 6. The functions of each of the components of the
portable RFID reader is evident, but the following overview is provided as background
information.

The display may be selected from among suitable displays, and may be a screen

that can be activated by the touch of a user’s finger, or with a stylus, or both. The

30 display may be part of a handheld computer, or personal digital assistant, of the type
available from Palm Computing of Santa Clara, California, or at “www.palm.com”
under the designation “Palm V,” for example, or may be separate from the processor.

The power source should be sufficient to power the unit (including the display, the
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20 The antenna is preferably a loop antenna, but may be selected from among any
suitable antennae that facilitate the transfer of information between the RFID tag and
the RFID reader. The antenna (either the same or a different antenna) can also be used
to transfer information to the RFID tag in applications where the system is capable of
both reading from and writing to the tag. The form factor of the antenna and the

25 materials from which it is constructed may be selected by a person of ordinary skill in

the art.

B. The User Interface
If the portable interrogation system is being used in, for example, a library to
30 scan RFID tags associated with the library materials, as shown in Figure 4, then certain
operations may be common. For example, the RFID reader may be used to scan the
materials on a single shelf, and to identify whether a given material is inappropriately

located on that shelf, or whether a matenal that is expected to be on that shelf is not.
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the user interface may be a longitudinal bar graphic such as that shown in Figure 4 at

110, and the second component may be a highlighted portion of the bar as shown at

20 112. If the scanned area consists of multiple book shelves, as shown in Figure 2, then
the first component of the user interface may be a graphical representation of multiple
book shelves as shown at 130, and the second component may be a highlighted portion
132 of that graphic. The first component of the user interface could alternatively be a
series of numbered or otherwise designated icons, and the second component could be a

25 variation in the display of one of the icons of interest that distinguishes it from the rest
of the icons. Various combinations of the foregoing are also possible.

In another embodiment, the user interface may provide an indication of how far
away the reader is from the item of interest, or an intended location for an item of
interest, in terms of the number of items, shelves, feet, or other measurable unit that

30 separate the item currently being interrogated from the item or location of interest.
That is, if the items are books, and the RFID reader determines that the book currently
being interrogated is approximately 100 books to the left of the book of interest, the

user interface could provide an indication (graphically, numerically, alphanumerically,
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reader should be passing the materials. Pacing is useful because it optimizes
productivity, because siower workers can be trained to speed up, and faster workers

20 (who may move the RFID reader faster than information can be reliably obtained from
an RFID tag) can be trained to slow down.

Sounds can be provided in any desirable fashion. It may be particularly useful
to provide different sounds in connection with different operations, so that trained users
become accustomed to hearing a given sound when performing a corresponding

25 operation. The frequency, duration, and number of repetitions of a sound may be
varied to provide sounds that a user interprets as being favorable or positive (such as
short, higher frequency sounds, perhaps repeated three times, for example) or
unfavorable or negative (such as longer, lower frequency sounds). By way of a specific
example, a favorable sound may be one having a frequency of 1000 Hz and a duration

30 of 35 milliseconds that is repeated three times, and an unfavorable sound may be one

having a frequency of 300 Hz and a duration of 120 milliseconds that is played only

once. Innumerable variations are possible.
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4. When the RFID reader includes a display that can be activated by touch (such as the
display of a Palm computer, referenced above), the user can highlight the component(s)

20 (textual, graphical, or other) on the display that identify a material of interest. The
RFID reader can then be passed over a group of materials and a signal (e.g. graphical,
sound, and/or light) provided indicating when the material of interest has been
interrogated.

The user interface of the RFID reader of the present invention may be

25 programmed to provide a signal when the RFID tag associated with an interrogated
item that meets a certain criterion. The criterion could be the specific RFID tag
associated with a particular item of interest, or any RFID tag that is out of order relative
to the RFID tag of at least one adjacent item, or a class of items to which the item of
interest belongs. In the case of a library, the RFID reader could provide a signal when

30 the RFID tag associated with a specific book is interrogated, or when adjacent library
materials are misshelved, or when the RFID tag associated with a book that is of a
particular type (fiction, or reference, for example) is interrogated. The criterion or

criteria of interest may be selected from among criteria shown on the display by the
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PCT/ USO /00482 user interface,, for.exanple by a user, touching the display
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shown on ansanmliessHi SRl dbuditdirdle® AbB@qug AR &Lsa%mﬁgﬁﬁﬁw ovi ded,

whi ch may be checked or unchecked to specify the itemto
cor 1@spondiem ate natay thaisstridtepreisesibedibtder.t This ¢ fuzizd dogic” ionatianafiinotiont may he

th h Jnterf ti | Qcaf i f ' th
than an abdBp e deriele itshe GroRRge OF e racer hanot setalhi s g RELRTERAet hay 1 1
two itens g&f fetf@tihe WheBRE BndhbRlis 1ok et &&Qﬁght Panoiﬁe@ﬁl%ﬂx??&ckxhﬂugie?' ation

to a predetermned or expected order of Itemns, ey are nonethel ess cl ose
enough t o &hedtke RFED beaslguemd/graertan softwamandttbe hssocined gveessar) ohanolkeri t ens

t in_thei. LGt i bed order. This "f | ogic" | ti
Flnct i on nEgOoSrSt BLAS BFRTLSeR IO e PEEREATBR b Caiier Jsns Heuh Gt
rel 18bly pefeHehr 2@t BEbitIb&A@EIach btheFRAR TR eEﬁ?né’W&ﬁ{:ﬁBréa'l thd @Bmbsy bnkhe
|l eft or the right of another item for exanple. Thus, the RFID reader

(and/ or cerdademingafik aedee Borexahmple s seimathetds separates by ’frocuri tvemtt free items

enbodi nent .of the present .invention nay be progra d,.t o .,equat e, det ect ed
i tens that TPB L% greﬁgtgfr{nnﬁcé!&ca 18n '%ﬂleﬂ%ﬁ'émtyg’ee ??ﬁ%‘%‘f@?”%‘? 5B sane itens
stored in phaei¥riitied 16¢atib e that order.

In another aspect, the user interface can provide an indication when the user is

20 attempting to interrogate RFID tags, but no information is being obtained. The
indication could be textual, graphical, aural, or visual, as described above. The user
can then take steps to correct the problem, which may result from passing the RFID
reader over matenals that have no RFID tags, or from passing over tagged items too
quickly or at too great a distance to obtain a response, or from a failure to activate some

25 part of the RFID reader, or from low battery or other power, or from some other failure.
The sequence of steps necessary to perform this function may be, for example, (a) a
command is sent to the interrogation source instructing it to interrogate any RFID tags
that it can; (b) the interrogator awaits a response; and (c) if no RFID tags respond
(within a specified time, for example), then the user interface provides a signal

30 (graphical, textual, audio, or visual, or a combination) to the user denoting that
condition.

In another aspect of the present invention, the user can specify which

Information the user wishes to have displayed regarding a particular item interrogated



reader in rank order. For exanple, an itemthat is separated by from1t4\/\ﬁg(tsﬁm.
five itens fromits predetermned |ocation in the order may be treated

t hough it %d% H;e predetermined |ocation in that order. In another’ '
aspect, the W86 Pt erface can provi de an_gndi cati on when th&CTH&01P848220
attenpting to interrogate RFID tags, but no information is being obtained.
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The t{ge of programm ng necessary to effectuate the features o
i nvent?ve utfer nnasing PamcOfiapplications oep@oinigdaon Furthek informdtionceiiout er used

e Pl conimoMertiBHIAE Sutich Mo aVEnabE hSH MRlrode, TcBr K0T, ToaSls " 2°
available from Metrowerks or on the internet at www.metrowerks.com.
Graphical objects, such as graphics, buttons and lists can be created with the
Metrowerks Constructor tool by placing them onto a representation of the Palm
20 computer display. These objects are then stored as resources in a file that Codewarrior
uses to bind to the executable Palm computer application. When the application is run
on the Palm computer, Palm OS routines automatically load the objects from the
resources and display them on the display.
Sounds can be played using the sound routines in the Palm API. There are
25 multiple ways to play sounds, including playing a tone by specifying its frequency and
duration. If more flexibility is needed than what is provided by the Palm OS, sound
commands may be sent over the serial port of Palm computer to a custom device to
play sounds. Lights may be implemented by sending custom commands over a serial
port to a custom device to turn lights on and off.
30 Data can be entered into the Palm computer in multiple ways. When a Palm is
connected to a personal coniputer by a serial port, programs on the personal computer
can transfer data and applications between the personal computer and the Palm

computer. This is commonly referred to as a “Hotsynch” operation. Applications that



earlier, the programm ng may be done as follows. The nost conmon | an ga'g@“u
used to programthe Pal mconputer is the C |anguage. The nbst common 't Ig
used to 'programthe Pal mconputer are Metrowerks Codewarrior (editor,

conpi | erwolsi/slges), Metrowerks Constructor (for designing gfgPRov6us:

di spl ays) and the Pal m OS Enul at or 15 (f'%‘r runni ng Pal m GS applications on

a PC or Mac). Further information about Metrowerks products, which are
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There are e ways to play sounds, including playing a tone by
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dat abases Whhierh are in the Pal mconputer's nenory. Data can be entered by
t he user using tip net hads,, i ncl udi ng, using the stylus.to select
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method, but the method of using that particular structure is also within the scope of the

present invention. That is, the described uses for a particular structure are another
20 manner of describing a method of using that structure for that use. Accordingly, the

scope of the invention is set forth with reference to the appended claims.



may be used as shown in Figures 5 and 6, for exanple- A user can nove the
portable reader along one or nore collections of materials, and obt AibnJUL 2004
information fromthe 10 portable reader in the manner described herein. In
addition to using an RFTD tag to identify an item RFID tags nmay be used
to identify predeterm ned | ocations, so that |ocation information may be
provided to a user through any of the nethods described herein. Although
the invention has been described with reference to certain specific 15
enbodi nents of the present invention,.mny variations of those enbodi nents
are possi ble. For exanple, a nunber of enbodi nents of the present invention
are set forth in terns of a particular structure (such as an RFID reader)
for carrymwurisit a process or nethod, but the method of using that
particular structure is also within the scope of the present invention.
That is, the described uses for a particular structure are another 20
manner of 1deschi Ririable RAMDtrbdaer fof ubts inNgltehbEuing RFUS tdgh Qssb@ibted ath itHE of
Accordingly, the scope of the invention is set forth with reference to the
appended UI'EFHEOMABUL 2004 10 We claim | . A portable RFID reader for
use in interrogati ngh BADDhtRgat@SHMesated with itens of interest,

conpri si ng: (ab an RED interrogation source; (b) an antenna; (c) a
processor ; (dg Ya df B and (e) a user interface in which a

represent ati on(cpf amprocdsei;r ogati on area i s shown on the display as a first
gr aphi cal corrpf)dnenta(cﬁf3 i hgndjser interface, and an itemof interest is

shown on the d %pl ay 3% econd graphi cal conponent of the user interface
relative to thé&)firsuser greefpdeiinc whick argpesaiation of an idérogbt@nardadcshdbwon wi t hi n
the interr ti. I i n t F i nt.er r.ogat i,on .sour.ce, 1 s .coupl ed
to the pr o8 aRudiby B arst AEIEAD Sbneneh B (o RO RaRR S ResR § 0t | o
sour ce or stowa qorthecdisporas aasachnt! igephicad cempmenti of theoug| imterfice r¢ldive ¢ plfisy. 2.

The pOr t bl gy Bl Do i RU" inilarl AocBlichy WS PddBBE BRI GnbeBin” EORRAFNL AT ve

of the it r??ol “ThPeres .m%a‘% e por aol e %: rgzg%e%p%f CFrgallantl % \?\[/ﬁer ein

the gr aphixx@eriogat'mgp;perge;iﬁ eupleé tofthegprocessen the antenna is coupled to either the RFID
interrogation source or the processor, and the processor is coupled to the display.

2. The portable RFID reader of claim 1, wherein the graphic is representative of the item of

interest.

3. The portable RFID reader of claim 1, wherein the graphic is representative of an area
interrogated by the RFID reader.

4, The portable RFID reader of claim 1, wherein the processor and display are

components of a hand-held computer.
5. The portable RFID reader of claim 1, wherein the display may be activated by touch.

6. The portable RFID reader of claim 1, wherein the user interface further includes

text associated with the item of interest may be presented on the display for observation by a user.

7. The portable RFID reader of claim 1, wherein the user interface further includes at

least one audio signal for providing information to the user.



interrogated by the RFID reader. 4. The portable RED reader of clai %
wherein the processor and display are conponents of a hand-held co% IJQF.Z[]B"
5. The portable RED reader of claiml, wherein the display may be activated
by touch. 6. The portable RFID reader of claim1l, wherein the user
interface further includes text associated with the itemof interest may be
presented on the display for observation by a user. 7. The portable RFID
reader of claim1l, wherein the user interface further includes at |east
one audi o signal for providing infornmatjion to the user. 1 4 J UL 2004 -11
8. The portable RFID reader of claim 7, wherein the audio signal is
provided each tinme an RFID tag is interrogated. 9. The portable RFID
reader of 8cl ai Mhe/portabie REIDrehdee oflting, ®hegdimihe bsdi®ignal ©pwidd@ehch when t he RFI D
tag of an .iten@eti ng a(f)re&eterrri ned criterion is interrogated. 10. The
portabl e REFA FEGHRE SOTEBEth 9, wherein the predeternined criterion is

sel ected froma group consisting of. (a) a specific RFID tag associ ated
with an it,emof, interest:-_ (b RELLD t a hat ..is out of order relative to
the ReI D Pag o mRE R feler Bbdio g At b laid Sl o8 BB " Bt o
whi ch t he wihtrethe 8FID tag ef anstembnadetmpgpspredifermibitcripmiot bhterrdgalel reader of claim
10, wherein the criterion in response to which the audio signal is

provi ded nay be presented on the display for observation by a user. 12. The
portabl e REI D ThapheabloRFUD arder 4f clavn @y whanein the predaerminet eritta@es f ur t her

i ncl udes I r providing information to the user. 13. The
portabl e %ﬁ%ﬁ?ibgndaeé}%éoﬁgl&#ﬁz, wherein at least one light is illum nated
each time an R¥FI D @ sngcifis RFI g poepateddvithian itemiogingoest, abl e RFI D reader of
claim 12, wherghn thepf j ! L DalEodR VDG tag of an
item neeting aﬁ%r edet erlggglgetgbtgsrﬁag%r%éﬁk#dgh?%ttgr r oga{&eé : ?lfaSSBE&I'eEe portabl e

RFI D r eadédiagsntittmapndh 14, wherein the predeternined criterion is sel ected
froma group cpysi s Rg offtemstddvhith 8RS ok i dAidngd associated with an item
of interest; (b) an RFID tag that is out of order relative to the RFID tag
of at |east one

1. The portable RFID reader of claim 10, wherein the criterion in response to which the

audio signal is provided may be presented on the display for observation by a user.

12, The portable RFID reader of claim 1, wherein the user interface further includes at least

one light for providing information to the user.

13 The portable RFID reader of claim 12, wherein at least one light is illuminated each time

an RFID tag is interrogated.

14. The portable RFID reader of claim 12, wherein the light is only illuminated when the

RFID tag of an item meeting a predetermined criterion is interrogated.

15. The portable RFID reader of claim 14, wherein the predetermined criterion is selected
from a group consisting of:

(a) a specific RFID tag associated with an item of interest;

(b) an RFID tag that is out of order relative to the RFID tag of at least one
adjacent item; and

() a class of items to which the item of interest belongs.



adj acent item and (c) a class of itens to which the item of interesiﬁ
belongs. 1 4 Jul 2004 -12 16. The portable RFID reader of claiml15, el 2004
the criterion in response to which the at I|east one light is illum nated
may be presented on the display for observation by a user. 17. A portable
RFI D reader for use in interrogating RFID tags associated with itens of
interest, conprising: (a) an RFID interrogation source; (b) an antenna;
(c) a processor; (d) a display; and (e) a user interface in which a
representation of an interrogation areg-is shown on the display as a first
gr aphi cal conponent of the user interface, and an itemof interest is
shown on the display as a second graphi cal conponent of the user interface
relative 116, t h&hd partable Imraﬁda'uaaar claia) R@ekintiee dritddios ad Rspdnseqs athicnhenitt hi n

th t t t he t | ed
Lo the pr iaaoutien BBt e F oteBiion e dsPlel FREPR IS ot or gt | on

source or the processor, and the processor is coupled to the dlsplay 18.

The por t at?l7e RF' l'{aglaqﬁrl reader 0-1' US m inte a%lnn REFH? f IS ragtC)CI%ré(?QVhllhc 11emis O?rrponent
is a bar, and t e S&con graphi cal conp s LBSTEroR of e bar.

The portabﬁeaﬁﬁbﬁpmimMer of claim 17, mhereln the first graphlcal conponent
is a group ofgpcon§1Rﬁ:mﬂégﬁ;ﬁﬁugggegraphlcal conponent is one of the

i cons of the series oné iconis visually differentiated from
t he remai nder @ t heaningons.

(c) a processor;

(d) a display; and

(e) a user interface in which a representation of an interrogation area is shown
on the display as a first graphical component of the user interface, and an item of interest is
shown on the display as a second graphical component of the user interface relative to the first
graphical component to indicate a location within the interrogation area, wherein the RFID
interrogation source is coupled to the processor, the antenna is coupled to either the RFID

interrogation source or the processor, and the processor is coupled to the display.

I8, The portable RFID reader of claim 17, wherein the first graphical component is a bar, and

the second graphical component is a portion of the bar.

19. The portable RFID reader of claim 17, wherein the first graphical component is a group
of icons, and the second graphical component is one of the icons of the series, in which the one

icon is visually differentiated from the remainder of the icons.



