
- 1 USER INTERFACE FOR PORTABLE RFID READER Technical Field A user
interface is described for use in and with a portable interrogation system.
The portable interrogation system can be a radio frequency identification
(RFID)  interrogation system including a handheld reader. Back round of the
Invention RFID interrogation systems have been proposed to detect the
presence of an  RFID tag associated with an article of interest. An example
of such a system is  disclosed in Patent Cooperation Treaty (PCT)
Publication WO 99105660, which is  assigned to Checkpoint Systems Inc. That
publication describes the use of an RFID  inventory system in which the
materials in a library can be checked in and out by  detecting the RFID
tags associated with those materials. The publication further  describes
periodically scanning the shelves of the library with an RFID scanner for
updating the inventory status of the materials. Summary of the Invention
The present invention relates to improvements in portable RFID readers, and
in  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  below. Brief Description of the Dr wing Various embodiments of
the invention will be described below in reference to  the attached
Figures, in which: Figure I 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; - 2 Figure 4 is an
exemplary display showing a user interface having at least one  



graphical component; Figure 5 illustrates a user interrogating library
materials with a portable  RFID  reader; and Figure 6 illustrates a user
interrogating library materials with another  embodiment of a portable RFID
reader. Detailed Description of the Invention The invention relates in
particular to an improved user interface for a portable  RFID interrogation
(or reader) system. Allowed copending U.S. application serial  number
09/368,826, filed August 5, 1999 describes a number of uses and
configurations for such a portable RFID reader. A. The Portable RFID Reader
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. Alternatively, some of those  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  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
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 -3 



processor, and any sound or light generation source of the type described
below),  preferably without adding so much weight as to make the unit
cumbersome. The power  source could be a battery, and preferably a
rechargeable battery, and can as described  above be integral with the RFID
reader or connected via a power cord to, for example,  a power source that
can be worn around a user's waist. The  RFTD reader could even be  powered
by standard alternating current, although the cord might. interfere with
the  user's mobility. The database and processor may be selected to support
the functions to be  achieved by the RFID reader. The selection of a
suitable processor is well within the  ambit of one of ordinary skill, and
the database may be configured to match the  identification code of the
RFID tag that has been interrogated to the identity of the  material of
interest, or to a class of materials to which the material belongs, or to a
list  of one or more specific materials in which the user is interested,
for example. The  database can also provide less than all of the
information that may be desired by a user,  with the additional information
being available on a separate database to which the  portable RFID reader
can be connected. For example, the RED reader can be docked  with a docking
station, or linked by infrared or a cable line to another database, which
can provide additional information to the RFID reader about one or more of
the  interrogated items. 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 R.FID 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 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  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 material that is expected to be en that
shelf is not. -4 The RFID reader may also provide an indication of where a
specified material should  be located on a shelf The present invention
relates to various aspects of a user  interface that, enables the portable
RFID reader to communicate information of interest  to a user through
graphical or textual information provided by the display, through  audio
signals, through lights or other visual signals, or through a combination
of the  foregoing. As used in connection with the present invention, the
term "graphics" and  its variants mean a visual depiction of information
composed primarily of non- characters. The display portion of the user
interface for the RFID reader can include, for  operations related to
scanning the materials in a given area, a first (preferably  graphical)
component that illustrates the area or its boundaries, and a second
(preferably graphical) component that illustrates a location within that
area, such as  where within that area a specified material is located, or
should be located. Either or  both of the components of the user interface
may include characters (such as a letter or  symbol (a "*", for example))
or graphics (such as a bar, a box, or a picture of a book),  for example,
or an illuminated or darkened portion of the display, or a flashing area,
or  the like. For example, if the scanned area is a single book shelf, the
first component of  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  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  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  



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 1 00 books to
the left of the book of interest, the  user interface could provide an
indication (graphically, numerically, alphanumerically, - 5 audibly, and/or
otherwise) that the user is approximately 100 books to the left of the
desired location. The exact distance that the current item is away from the
intended  item or location may be difficult to measure in terms of the
number of items if the  intermediate items between the two can be removed
or checked out, but this difficulty  could be overcome if the RFID   reader
includes or can obtain from a database  information sufficient to determine
how many of the intermediate items are expected to  be present. In addition
to graphical information, it is also desirable in some instances to
provide sounds or lights or both to provide information to a user. The
interface can be  programmed to provide sound(s) when the RFID reader
passes a tagged item, or only  when the RFID reader passes an item that is
within a predetermined class of items  (such as, in the case of a library,
lost books, or books that were not checked in through  library staff or
equipment, or books that are supposed to have been held for a patron) or
more than one class of items. This can be referred to as "exception
checking," in that  the user is checking a group of items for exceptions.
Another use of sound to provide  information to a user may be for "pacing,"
in which sounds are provided at a specified  rate to provide an indication
to the user of the approximate rate at which the RFID  reader should be
passing the materials- Pacing is useful because it optimizes  productivity,
because slower workers can be trained to speed up, and faster workers  (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
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  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. -6 One or more lights may be used either together
with or independently of sounds  and graphics to provide information to a
user. In addition to -using lights to provide  information such as that
described above in regard to sounds, a series of lights may be  fit
sequentially as the RED reader approaches an item or location of interest.
That is,  when an RFM reader is approaching an item or location of interest
from the left, the  left-most light (to indicate that the reader is to the
left of the item or location of interest)  or the right-most light (to
indicate that the reader must be moved to the right to reach  the item or
location of interest) could light first, followed by the next adjacent
light (the  light to the its right or the light to its left, respectively)
and so on, -until the center light  of a series of lights is (or all lights
are) lit, indicating that the item or location of interest  is in
approximately the center of the readable field. This arrangement is
currently used  in some types of "stud-finders," which locate metal
(typically nails) within walls so that  a user can determine the location
of a wall stud. Lights may be provided as an Integral  part of the display,
or may be provided elsewhere on the RFIlD reader as shown in  Figure 2 at
114. In another aspect, the user interface may permit a user to highlight
one or moire  items from among a list of items, as shown by the checked
boxes 120 in Figures 3 and  4. When the RFED 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)  (te)aual,
graphical, or other) on the display that identify a material of 'Interest.
The  RFIlD 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
RIFID reader of the present invention may be  



programmed to provide a signal when the RFED tag associated with an
interrogated  itern that meets a certain criterion. The criterion could be
the specific RFDD tag  associated with a particular item of interest, or
any RFID tag that is out of order relative  to the RFJ1D 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 RFIID reader could provide a signal
when  the RFID tag associated with a specific book is interrogated, or when
adjacent library  materials are misshelved, or when the RFDD 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 -7 User interface,
for example by a user touching the display to designate a specific
criterion. For example, in the user interface shown on a sample display in
Figure 4, a  series of boxes 120 are pirovided, which may be checked or
unchecked to specify the  item to which it corresponds. It may also be
desirable to provide an indication to the user through the user  inter-face
of a relative location of an item, rather than an absolute location of that
item,  That is, a user may decide that if two items are next to each other,
even if they are  transposed in relation to a predetermined or expected
order of items, they are  nonetheless close enough to enable a subsequent
patron or user to locate even if the  items are not in their strict
prescribed order. This "fuzzy logic" location function may  also be
desirable if the resolution of the reader cannot reliably permit the RFID
reader  to determine whether one item is to the left or the right of
another item, for example,  Thus, the RFED reader (and/or certain software
and the associated processor) of another  embodiment of the present
invention may be programmed to equate detected items that  are near, next
to, or close to each other with the same items stored in the memory of the
reader in rank order. For example, an item that is separated by from two to
five items  ftorn its predeten-nined location in the order may be treated
as though it is in the  predetermined location in that order. In another
aspect, the user interface can provide an indication when the user is
attempting to interrogate RFED 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 cor-rect the problem, which may result from passing
the RFED  reader over materials that have no RIFED 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  part of t be RFH) reader, or
from low battery or other power, or ftom some other failure.  The sequence
of steps necessary to per-form this function may be, for example, (a) a
command is sent to the interrogation source instructing it to interrogate
any R-FID tags  that it can; (b) the interrogator awaits a response; and
(c) if no RFED tags respond  (within a specified time, for example), then
the user interface provides a signal  (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 panicular item
interrogated -8 by the RFID reader or process performed by the reader. That
is, the user may wish for  interrogated items to be displayed with the name
oT title of the item on the first line of  the display, a serial or call
number on the second line, the desired location for the item  on the third
line, and so one. Regarding processes, the user interface could be adapted
to display an indication of the range of items interrogated, the percentage
of items  expected to have been interrogated that were not detected, an
indication of the relative  degree of orderliness to the interrogated
items, and the like. T he type of programming necessary to effectuate the
features of the inventive  user interface will vary depending on the kind
of computer used to control that  interface.. In the context of a palmtop
computer such as the Palm computer referenced  earlier, the programming may
be done as follows, The most common language used to  program the Palm
computer is the C language, The most common tools used to  program the Palm
computer are Metrowerks Codewam'or (editor, compiler, linker),  Metrowerks
Constructor (for designing graphical displays) and the Palm OS Emulator
(for running Palm OS applications on a PC or Mac). Further information
about  MetTowerks products, which are available from Metrowerks, Inc. of
Austin, Texas, is  available from Metrowerks or on the internet at
www.metrowerks.corn. Graphical objects, such as graphics, buttons and lists
can be created with the  



Metrowerks Constructor too] by placing them onto a representation of the
Palm  computer display. These objects are then stored as resources in a
file that Codewarrior  uses to bind t o the executable Palm computer
application. When the applicalion is run  on the Palm computer, Palm OS
routines automatically load the objects from the  reSOUTCes and display
them on the display. Sounds can be played using the sound routines in the
Palm API. There are  multiple ways to play sounds, including playing a tone
by specifying its frequericy 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. Data can be entered into the Palm
Computer in multiple ways. When a Palm is  connected to a personal computer
by a serial port, programs on the personal computer  can transfer data and
applications between the personal computer and the Palm  computer. This I's
commonly referred to as a "Hotsynch" operation. Applications that -9 run on
the Palm computer- can store data in databases which are in the Palm
computer's  memory. Data can be entered by the user using multiple methods,
)including using the  stylus to select characters from a displayed
keyboard, by drawing special graffit'l language characters on a. specified
portion of the display, or by infrared transmission.  Similarly programming
tools and applications are available for other  programming platforms, such
as Windows CE-based devices. The portable RED readers having user
interfaces of the types described herein  may be used as shown in Figures 5
and 6, for example. A user can move the poriable  reader along one or more
collections of materials, and obtain information from the  portable reader
in the manner described herein. In addition to using an RFID tag to
identify an item, RFID tags may be used to ideritify predetermined
locations, so that  location information may be provided to a user through
any of the methods described  herein. Although the invention has been
described with reference to certain specific  embodiments of the present
invention, many variations of those embodiments are  



possible, For example, a numbeir of embodiments of the present invention
are set forili  in terms of a particular structure (such as an R-FID
reader) for carrying out a process or  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  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. -10 We claim: 1. An RFID reader comprising: (a) an RFID
interrogation source;  (b) a processor; (c) a display; and (d) 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 and including at least
one light that  is illuminated when an RFID tag is interrogated, wherein
the RFID interrogation source is coupled to the processor and the processor
is coupled to the display. 2. The RFID reader of claim 1, wherein the light
is illuminated only when an RFID tag  associated with a specific material
of interest is interrogated. 3. The RFID reader of claim 1, wherein at
least one light remains illuminated while RFID  tags are being
interrogated, and at least one other light is illuminated only when an RFID
tag  associated with an item meeting a predetermined criterion is
illuminated. 4. The RFID reader of claim 1, wherein the user interface
includes more than one light, and  the lights are illuminated sequentially
as the RFID reader approaches a desired location or  material of interest. 


