A System and Met hod for Searching Physical Objects
FI ELD OF | NVENTI ON The present invention relates to a
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BACKGROUND Wth the advancenent in information and
communi cati on technol ogy, search engi nes have becone
so efficient at generating infornmation to a search
query that it is not necesbary to downl oad and save
data locally anynore. Thus, it is now an effortless

task,t Iook he
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requi red without conprom sing on efficiency. For
exanpl e, Google's Grail allows emails to be | abelled
and searched efficiently. People can now do away wth
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task. Alot of tine and effort may be spent in | ooking
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obj ec or easy retrieval 1n the future. Therefore,
objepfsed exists to provide a system and nethod for

sear chi ng physical objects to address the

above-nmenti oned problem SUMVARY |In accordance with a
BA%G%@%GCI of the present invention, there is

pr ovided a system for searching physi cal obj ects, the
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| ocated within a range around each base station; an

i nterrogation engine residing in each base station for
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eterm ne searc of the search
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However, searching for physical objects remains a tedious and difficult task. A lot
of time and effort may be spent in looking for a particular object or in organizing the

physical objects for easy retrieval in the future.

Therefore, a need exists to provide a system and method for searching physical

objects to address the above-mentioned problem.

SUMMARY

In accordance with a first aspect of the present invention, there is provided a
system for searching physical objects, the system comprising: one or more tags,
each tag being disposed on one associated object; one or more substations, each
substation arranged for communication with tags located within a range around each
substation; one or more base stations, each base station arranged for



the respective substations. The system may further

conprise one or nore query termnals for inputting the
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substation may provide a list of the tag descriptions

of tags within the range around said each substation

to the interrogation engine together with a val ue

i ndicative of signal strenggths fromthe respective

tags. .The interrogation engine, if one tag is within
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val ue indicative of signal _strength is recelved.
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optim sed for energy, latency, or

Each base station may be arranged for labelling a space corresponding to
the range of said each base station as public or private, and the interrogation engine
may process the search queries in a manner dependent on whether the space is
public or private associated with a user.

Each tag may be arranged for labelling the associated object as public or
private, and the interrogation engine may process the search queries in a manner
dependent on whether the object is public or private associated with a user.

The interrogation engine may instruct display of search results in a binary
form if the search object is public and is located in a private space.



both. In accordance wth a second aspect of the
present invention, there is provided a nethod for
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di sposi ng one or nore tags, each tag being di sposed on
one associ ated object; arranging one or nore
substations for comrunication with tags | ocated within
a range around each substatj on; arrangi ng one or nore
base stations for comunication with substations )
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substations.

The method may further comprise utilising one or more query terminals for
inputting the search query and for displaying search results.

The method may further comprise utilising each substation for providing a list
of the tag descriptions of tags within the range around said each substation to the
interrogation engine together with a value indicative of signal strengths from the
respective tags.

The method may further comprise utilising the interrogation engine, if one tag
is within the range around two or more substations, for assigning said one tag to the
substation for which a higher value indicative of signal strength is received.



associ ated object as public or private, and utilising

the interrogation engine for processing the search
wee@nilersi n a manner dependent on whet her the PWj/862006/800091

public or private associated with a user. The nethod

may further conprise utilising the interrogation

engine for instructing display of search results in a

binary formif the search apject is public and is

| ocated in a private space. The nethod may further

conptei €8 desaiPionsgmen amirierr dgatiplinnsepiginferesiective physical

objéd@fﬂeuggg agg@lglgdgea)bnof search results in a binary form

if the search object is private associated with one

user and the search object is |located in a private
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r
Is Ioc%fé&s?la&rﬁv%eﬁqﬁsep%s' bl e subset approaches for
arriving at a protocol for the system Figure 5b shows
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instp@tlmngﬁ@iay off setangh results in a blnary form if the search object is private
associated with one user and the search object is located in a private space
associated with another user.

The method may further comprise implementing the interrogation engine
centralised in the base-station, or implementing the interrogation engine in a
distributed manner on the base-station and one or more of the substations or tags.

The method may further comprise optimising an interrogation engine protocol
for energy, latency, or both.

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will be better understood and readily apparent

to one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in which:



system Figure 6b shows Table Il which shows

sinmul ati on paraneters of the system Figure 7 shows
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protocols. Figure 8a shows an increase in both energy

consunption and | atency incurred when smart tags are

replaced by dunb tags. Figure 8b shows a slight

decrease in the energy consunption and a | arger

decrease in the latency incurred when a centrali sed

systemis changed to a distributed system Figure 8c

shavigura 1s8hgte bi seh@rhatiodidganef an aloitednay of acystemd and

little change in energy consuned when gl obally

rel evant results are required instead of locally
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energy consunption and |atency incurred when a | ow
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consunption and latency incurred when the nunber of

tags per substation increases. Figure 8f shows an
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when t he nunber of smart tags per substation

I ncreases. Vgure shows a conputer npl enment ati on of
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"“determ ning", "broadcasting", "generating",

"retrieving", "outputting”, or the like, refer to the
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Syst%hfctroni c device, that mani pul ates and transforns

ata represented as physical quantities within the the
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Figure 7 shows Table Il which shows energy-latency values of protocols.

Figure 8a shows an increase in both energy consumption and latency incurred
when smart tags are replaced by dumb tags.

Figure 8b shows a slight decrease in the energy consumption and a larger
decrease in the latency incurred when a centralised system is changed to a distributed
system.

Figure 8c shows a significant increase in latency incurred and little change in
energy consumed when globally relevant results are required instead of locally relevant
results.

Figure 8d shows an increase in both energy consumption and latency incurred
when a low overlap system is changed to a high overlap system.



transm ssion or display devices. Figure 1 shows a
schemati ¢ di agram of an architecture of a system 100

wo encaersrhi ng for physical objects. The syst ePe86G2006/000091
conprises tags 102, substations 104 and base stations
106. The tags 102, substations 104 and base stations
106 are enbedded at the tinme of manufacture of
objects. Alternatively, the& tags 102, substations 104
and base stations 106 can be placed on the objects by
a user of the system 100. For exanple, by using
prifigubl8e shuwsnamdncrédsewbdth dmergyi eqpisembiorahd 8atency incurred

th auth dtitle) of th
wheHERERIRbEY i p BB Tk T Cic The tags. 102 onto

the obj ects. The system 100 adopts a hierarchical
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nor e than t j ects ers.

the wabera%mm@a%@raubatat@nmcgms Ievel of the hierarchy
in the systemarchitecture. Each base station 106
represents a locality, such as a room which is static
and 1248 rge%hoéﬁ’so%g?,’FP‘ﬁ?bW‘Ri?m?hféP% af theysygteryas ghewn i Figure

4, office). Depending on the size of the locality, there
can be one or nore base stations 106 per locality. In
addition, the base stations 106 al so act as a gat eway

DEEILEDDESORIMEON O0Nne net work 108 and the tags 102. The
base stations 106 can be custom built powerful Radio
Frequency ldentification (RFID) readers or devices
whillntess spmiﬁtiaﬂ;a*stateau difrertvise, andoss Aipacsns frdfidhe TdNewlbgsiewill be

app Rl R ARG TR ALY s SRR BB HRRRNG feonS S as
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rouBifng 8 e 38reP® EieTRluoh AR bl BN 4 rdBiter vty o
similzn gleglsanie riia@cezatﬁh%mmptdatgs afd transferms, datin repiessented as physical
quaﬂmtﬁ:%g%lbhlrﬁttl?é hite %qupﬁl@a%QQerﬂoﬂJ lofH&? %lrﬁ%‘f‘l?sﬂegﬁg{%%d as

The substations 104 are I nterrogate
Physical o a43niitie nyithin 6 theerompyias s systenn or Oﬂthﬁt oinésmatien  storage,

tran§tRsSibh m@gp]é}gdgﬂce@,offee table) of the object it is
attached to. A plurality of substations 104 can forma

mul ti-hop ad hoc network and relay information to and
freutdhe dase §tsaﬁérﬁ7é’u01@5gra?ﬁh6f al Q%rﬂbbtgfésoflgdsygt%ﬁﬁwo for

searclrnng ??" pﬁysuc rirgtuec’ts a'H1e glgtse%e GQ’O g’c;mrgjnses tags 102, substations 104 and
base stations 106. The tags 102, substations 104 and base stations 106 are embedded
at the time of manufacture of objects. Alternatively, the tags 102, substations 104 and
base stations 106 can be placed on the objects by a user of the system 100. For
example, by using printable antennas, it will be simple to write descriptors (e.g. book
with author and fitle) of the objects into the tags 102 and stick the tags 102 onto the
objects.

The system 100 adopts a hierarchical architecture, where the objects in lower
tiers are more mobile than the objects in higher tiers. The base stations 106 are at the
highest level of the hierarchy in the system architecture. Each base station 106
represents a locality, such as a room, which is static and stores a descriptor of the



menory and processing capabilities. This is to reduce

the burden of conputation at a centralized | ocation.
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and RFID reader. An exanple of a device that can be

used as a substation 104 is Skye-Tek which integrates

a Berkeley Mote with a RFID reader. The tag 102 is at

the | owest |evel of the hie’rarchy The tag 102 is

ttached to objects which are easily
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n a ta n be ided into two

o SRR IS RATLER Feleo WRPri 105 Ok based.  Load

based tags work via i nduct i ve coupl i ng between the
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and%ég%H@Q:%n%@%gnﬁ&Hﬁlyr@duc’éege nunber of substations 104
are required Tor receiving transmssions fromall the

tags 102. On the other hand, the advantage of using
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is limted and each t be in

range
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substaﬁcﬁgo‘romé lmtéltr@gaétt by eqeﬂuresp@csnse base BaESHS/ €08. Edeh dUBstation
toaSf BRSSPl Sph LA Py o
substaithnat g dahémn/\a riultehar gy hog astsrorleartcb@‘aaynmpmﬂdmby and from
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devi ces can be use and can save cos
reades Arcexammlesft afevessihat candweused asigssubgtation 404 is Skygsl elrayhich

mteé}‘afesra%kéley Qofé vﬁﬁf’j‘é RB|erellgt ocol because every tag

respond wth its descriptors irrespective of what
the guery is. On the other hand, active tags are
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Hovvever t here I}éeeatraeo ween cost and
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objeﬁt;r £& rli’ﬁﬁl& whighegreeasily movable. Each tag 102 stores a descriptor (e.g.
Book Harry Potter) of the object it is attached to.

The tag 102 can be a RFID tag. RFIDs can be divided into two fundamental
categories, load based or RF based. Load based tags work via inductive coupling
between the RFID reader and the tag and as a consequence, the detection range is
limited to 15cm or less. Due to the limited range, the base stations 106 may not be able
to hear responses from the tags 102 and the substations 104 will have to be responsible
for relaying information from the tags 102 to the base stations 106. Thus, a large number
of substations 104 are required for receiving transmissions from all the tags 102. On the
other hand, the advantage of using the load based tag is that the accuracy will be higher
since the range is limited and each tag will be in range of very few substations.



for using active tags. Alternatively, custom zed
passi ve tags, also known as smart tags, which include
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used. Smart tags are able to conmpare the query with
its descriptor and responding conditionally to the
guery. Such nodifications are possible w thout adding
external energy sources su@ as batteries. However,
custom zation leads to a |l oss in econom es of scale
resulting in a trade-off between the performance and
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subst ations 104 and the tags 102 in the vicinity. The
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When a user wishes to find an object, he places a query on a query terminal 110, which

is connected to the base station 106 via a network backbone 108. The query terminal
110 is used to query the physical objects in a physical environment by providing a
human-machine interface of the system 100. The interface is platform independent,
allowing devices such as desktop computers, personal digital assistants, and mobile
phones to be used as query terminals 110.

The query is then sent to one or more base stations 106. Each base station 106
then broadcasts the query to the substations 104 and the tags 102 in the vicinity. The

tags 102 with one or more matching query words stored in them respond to the base



t he approximate | ocation of the object because channe
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applications which involve the sharing and trading of physical resources. For example, in
a university campus, expensive and hard to find books can be shared between
professors and students. Used text books can be tagged as being for sale, without
having to go through the effort of advertising them.

The system 100 also enables the user to restrict the searching of his physical
possessions by the public. Consider a simple application of sharing books in a college
campus, the system 100 allows the user to designate a certain set of books as public
and the rest of the books as private. Anyone is able to determine the existence of and
location of the public books while only the user is able to locate the private books.
Further, the user may not wish his personal space to be searchable by other people.
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will match all the public objects. All results are then returned to the query terminal 110,

where the encrypted descriptors are decrypted with the owner’s private key.

In the system 100, physical space can be designated as public, private or off-
limits. Any user can query for physical objects in a public space but only an authorized
user can search for objects in a space that is designated off-limits. The authentication is
done by the security agent 112 residing at the base station 106. The security agents 112



but the owner of the space. The security agents 112

use standard software authentication at the base
W@ @bilens2106, which is fully custom zed, |ine PONSGEER6/000091

and connected to the high-speed backbone 108. Thus,

there is no or little issue of durability, processing

power, or communi cation overhead. To support

encryption of private objectts, typically a query twce

t he.size n original que statenment is sent.
commiRIE 3 Ehae SR EEER ol Beriaestrtheltags Lsers ik be
autiembicdted before they aendlldvial agueens thiat lodlityl 86ved b ke B @taiuon

Th t th .the object
100, K O N T RN o TR B B dbpd R drpyert cy Wiputherrec
accds¥Oofdhe ladslity, Fdlowing thy ofvherali thg lazhlita ts gragnt end de®y H¢cags. This

will gr%qgntfarngm\ fac'irjizgki G coReld o ?%nsgﬁge hﬁ% sga Yis fF ﬁ-glts t8 agyone

ransm m'ssi pac
buttherﬁé\(mfoﬁfb%ﬁmﬂesm A single query session beg| ns with
the user inputting the query into the query ternmninal
110 (Figure 1). The query is sent to the base station
108 hegeewity agands 11hysa sandand peftware autbastisagoraat the base station

1069@hkieH 9 ﬂ]gﬁcdsﬂﬁmm% SheredRal @Bhr@%ﬁad]tg‘lfh@ﬂlgﬁ tsﬁc\g’eoe’lg%:?ckbone

Aiste 04, the subs ations 104 reply w
108, Lhys, here és neor fifle dgsup of ggrabiliye PRRcESIRg amrv@rn omemmweﬁatlon

ovenﬂhb@@ eﬁﬂ@pb@rt eAEptidneof Prests obRc! typlch S Hhst alicote sk%ef an

| he subst ations 104 determ ne the nunbe
0"9'(51? CI'“? Sti@TeP SSAR:- vicinity. The tags 102 reply vvlth
the respective ID at step 310 before the subst ations
t ste

decast th [l th
Lo R 3550L DB et B B0 Ao v
the beisetdhﬁlohagé oilﬂhﬁ syﬂemst(l@pTBdéystetrin @00 mgiesibhad mipthe dbjective of

ik PSR 85ty R0 il s pgana
Slngiqwéeqea@’!g node ffﬂn@ megtipe ciduvesst angd d"@scpmp$m35foag®tectmg and
R b D DR D Neerc merory.

the sane tine, query statistics are conpiled and a

na%CQn@Q%BryV%EBH HePind&Mth e Jdaf w%g $h&ll ||]rl(36t|h§tquery

hemat ch cdunt vect or ES va

te m}mlréw (Bigwgt bh Tee gHErvdmgenthie th@n’?@@? s@ﬂom 466 N@r.rﬁ@emmthe

queryBiHehba68 Whttion Batrdires tﬁ@h&hb&%f%b&ﬁﬁﬁr@rﬁ)ﬂ A1 02. i tep

bstations 104, the base station
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At step 306, the base station 106 then proceeds to send the query to all the
substations 104. At step 308, the substations 104 determine the number of tags 102 in
the vicinity. The tags 102 reply with the respective ID at step 310 before the substations
104 broadcast the query to all the tags 102. At step 312, the substation 104 requests for
tag descriptors of the tags 102. At step 314, the tags 102 reply to the substations 104
with the respective tag descriptors. Steps 312 and 314 are repeated for all the tags 102.
The respective tag descriptors are downloaded by the substation 104 in a round robin
fashion and cached in its internal EEPROM memory. At the same time, query statistics
are compiled and a match count vector is sent to the base station 106 at step 316. The
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pr Gigudeed showd bemaietalé ByQughmpleh@htaliol 46 %f 1he system 100 in a

roont.OT eu%§/s em 46003 Fsacrié:veloped to explore the various issues in design of the

system 400. The system 400 is implemented using Crossbow's MICA2 wireless sensors.
The MICA2 mote features an 8-bit AVR RISC microcontroller with 4KB of RAM with
512KB of EEPROM for persistent data storage. The mote provides a radio link based on
the CC1000 Low-Power RF Transceiver. TinyOS is used in operation of the mote. All
query statements and descriptors are sent over multiple packets since a maximum
packet size of 29 bytes is provided in TinyOS.

The system 400 comprises a computer 402 used as a query terminal and a base
station 404. The computer 402 is connected to the base station 404 via a serial link 4086.
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a keyboard 904 and mouse 906 and a plurality of output devices such as a display

908, and printer 910.

The computer module 902 is connected to a computer network 912 via a
suitable transceiver device 914, to enable access to e.g. the Internet or other
network systems such as Local Area Network (LAN) or Wide Area Network (WAN).

The computer module 902 in the example includes a processor 918, a
Random Access Memory (RAM) 920 and a Read Only Memory (ROM) 922. The
computer module 902 also includes a number of Input/Output (1/O) interfaces, for
example /O interface 924 to the display 908, and I/O interface 926 to the keyboard
904.
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substations 408 and tags 410 are hidden from sight to prevent any extra visual cues.

Without the aid of the system 400, the mean time taken to locate the objects is
about 101.4s with a standard deviation of about 87.3s. The time taken ranges from
about 10s to 300s. With the aid of the system, the timing improved to a mean of about
39.8s with standard deviation of about 35.5s. The minimum and maximum time taken
improve about 2s and 110s respectively. There were 3 instances in which the subject
gave up on searching for an object without the system. With the aid of the system 400,
the user managed to find the objects between about 15s to about 70s.

With the application and testing of the prototype, RSSI readings were found to
vary for a variety of reasons besides proximity of tags 410 and substations 408. The
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In an example scenario, there are three characters, Alice, Bob and Charlie. Alice
has designated the room as her private space. The room has some public and some
private objects which Alice owns. Bob has mistakenly left his cell phone, which is
marked private, in Alice’s home. The security agent (not shown) residing at the base
station 404 in Alice’s home authenticates and allows Alice to search for all public and
private objects which she owns and the locations of these objects are returned to Alice.

If Charlie does a search for public objects in Alice’s room, the clear text query
and the query encrypted with Charlie’s public key are sent together. Since Alice’s private
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the set of actions available to the system. Using the methodology, the performance of

the system 100 with different device choices is investigated. The methodology described
in the following is a small but representative subset of the final optimization performed to
find the optimal query protocols.

One way of arriving at a protocol is to think of all the possible approaches. Figure
5a shows a flowchart illustrating two possible approaches. It is possible to make a
choice between these options by comparing their total costs.

At step 502, the substations know a query statement. After step 502, a choice
has to be made between two options 504 and 506. If option 504 is chosen, the
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perfeimed.-t i ve state is defined to represent the know edge
of a device in the system For exanple, primtive

state A of Fi c};ure 5a represents that the substations
kndw fofaulate a tractable problem, it is preferred to ensure that the states are

Markovian. This can ensure thatthe possible actions at each state are independent of
the previous states.

A primitive state is defined to represent the knowledge of a device in the system.
For example, primitive state A of Figure 5a represents that the substations know the
query statement entered by the user.

An action transforms the system from one primitive state to the other and incurs
a cost in the process. Given a primitive state-action pair, one can determine the
subsequent primitive state. Action 1 of Figure 5a is described as "Substations send
query statement". Action 1 requires primitive state A as a pre-requisite state and brings
the system to the next primitive state B.
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be reacHablerfram bhotheSprahitverstate via an action unless it is the starting primitive
state. At the same time, each primitive state has to have an action that allows it to move
to another primitive state unless it is the ending primitive state. This can ensure that the
set of primitive states and actions are consistent. If all the possible states are listed,
there may be a total of 3,518 x 10" possible states. By careful consideration, the
number of states can be drastically reduced to 89,350. This consideration is preferred for
the problem to remain tractable. Such consideration is demonstrated in Figure 5b, where
a total of 32 states can be generated while only 14 states are possible. The listing of the
states can be automated.
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can be locally performed by the substations.

It is also found that the results can be globally or locally relevant in a centralized
system. A globally relevant result is one which consists of all of the most relevant results
of the “number of selected tags” Nrs). This requires all match counts and identity pairs to
be returned to the base station for selection to be performed. Alternatively, the base
station may decide based on other statistics such as match count vector or a subset of
the match count and identity pairs. In such cases, the results will be termed as locally

relevant.
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6) Substations calculate match count vector.

7) Substations calculate local match count.

8) Substations send locally decided match count.

9) Base Station approximates match count based on local ones.

10) Base Station sends globally decided approximate match count.

11) Substations filter for selected tag ids based on global approximate estimate.
12) Substations filter descriptors for globally selected ones (approx-match).

13) Substations send globally selected tag descriptors (approx-match).

14) Base Station filters sum of globally approximated tag descriptors.

Energy Optimal Protocol for Distributed System with Smart Tags returning Locally
relevant Results
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15) Tags reply based on globally approximated selection (id).

16) Substations send globally selected tag descriptors (approx-id).

,_

Energy-latency values of the selected protocols are tabulated in Table Il shown
in Figure 7. Row 702 of Table Ill shows the energy and latency values for a low overlap
system by simulating with either 30 smart tags or 30 dumb tags and with the values in
Table Il

Row 704 of Table lll shows the energy and latency values for a high overlap
system by simulating with either 30 smart tags or 30 dumb tags and with the values, TN
= 7500, max; Nt = 225 and EN'(S) = 200, max; N'ys) = 50 for decision by match count
decided by the substations, i.e. a distributed system, or ZN‘T(S) = 160, max; N‘T(s) = 40 for

decision by match count decided by the base station, i.e. a centralised system.

Row 706 of Table lll shows the energy and latency values for a system having a
low number of tags by simulating with either 10 smart tags or 10 dumb tags and with the
values, =N'; = 7500, max; N't = 225 and =IN'{(S) = 200, max; Ny, = 50 for decision by

match count decided by the substations, i.e. a distributed system, or ZN'T(S) = 160, max
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ase St [
times yigit 2 faw overlap system when smart tags (points 802 and 804) are replaced by

dumb tags (points 810 and 812). It is found that in all the optimal protocols for smart
tags, the match count is tabulated by the tags. This reaps the benefits of parallel
processing, which is not possible with dumb tags, and thus providing a lower energy
consumption and a lower latency incurred.

Figure 8a shows that the energy consumed and latency incurred for a high
overlap system by using dumb tags (points 814 and 816) is increased by about 37.25
times and 2.71 times respectively as compared to using smart tags (points 806 and
808). Both values are significantly larger than that for low overlap system. Therefore, it is
better to use smart tags for a high overlap system.

Figure 8b shows a slight decrease in the energy consumption and a larger
decrease in the latency incurred when a centralised system (points 818 and 820) is
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minimal.

Figure 8d shows that there is an increase in energy consumed ranging from
about 1:350 times to about 3.329 times and an increase in latency incurred ranging from
about 1.133 times to about 3.245 times when a low overlap system (points 834 and 836)
is changed to a high overlap system (points 838, 840, 842 and 844). There is a large
increase in both energy consumed and latency incurred. Thus, there is a large increment

in cost due to the large number of repetition, especially observable in dumb tags.
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power. Thus, the energy for conputation my well be
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Secondly, the degree of overlap of the system has
significant inpact to the result. Figure 8b shows that
the latency of the distributed systemis decreased by
about 0.836 and 0.507 timest for dunb and smart tags
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resultsoicadelty be etaedint results (points 826 and 828). As
such, the cost of ensuring globally relevant results
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descriptor, the energy increment is mninal. Figure 8d
shows that there is an increase in energy consuned
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Nncrease energ consuned
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nt and
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864) to 30 (point 866). Figure 8f also shows an increase in the energy consumed and
latency incurred of about 1.407 times and about 1.086 times respectively when the
number of smart tags per substation is increased from 10 (point 864) to 50 (point 868)
for a centralised system.

It is observed that the increase in energy consumed and latency incurred is
approximately linear with the number of tags, which indicates the scalability of the
system. At the same time, the increase in energy consumed and latency incurred is

smaller for smart tags, allowing for more smart tags per substation to be deployed.
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quickly and the search process can utilize system resource such as bandwidth energy

etc as efficiently as possible.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to
be illustrative and not restrictive.

It is appreciated by a person skilled in the art that the system may not only relate

to searching of physical objects within a single locality. The system may be able to



energy optimal protocols are found to be identical. No

trade-of f between energy efficiency and latency is
wobmenyes2 I n nost wireless systens, inprovi ngP€TI8G2006/000091

performance of one netric inplies relaxing the

requi rement on the other. However, due to the nature

of passive RFID, this is not observed for the del ay

optimal and energy optimal2eprotocols. Further, it is
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Further, security may ensure that the systemis not
vul nerabl e to unauthorized access. Privacy may ensure
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obj ects cannot be continuously tracked and objects
| abel |l ed private can only be searchable by their
owners, while objects |abelled public can be
sear chabl e by anyone. The system al so al |l ows searchi ng
of physical objects across wi de areas e.g. office
bui | di ngs, university canpuses or across a city.
Search results can be returned quickly and the search
process can utilize systemresource such as bandw dth
energy etc as efficiently as possible. It will be
appreci ated by a person skilled in the art that
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to the present invention as shown in the specific
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of the invention as broadly described. The present
enbodi nents are, therefore, to be considered in al
respects to be illustrative and not restrictive. It is
appreci ated by a person skilled in the art that the
systemmay not only relate to searching of physica
objects within a single locality. The system may be
abl e tosupport both w de area search whereby a user
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in different localities, and renote search whereby the
user can place a query froman arbitrary | ocation. An
wab®bnens2 net wor k backbone nay be used to connBCI/SGI66/000091
various base stations and query term nals together.
Thi s network backbone may al so exploit existing
networ k connectivity, such as LANs, DSL, and WFi,
thus allow ng scaling of tdfle system across a wide
CLAI eographi cal area. CLAIMS 1. A system for searching
sical objects, the system conprising: one or nore
tags each tag being di sposed on one associ at ed
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4. The system as claimed in claim 3, wherein the interrogation engine, if one tag
is within the range around two or more substations, assigns said one tag to the
substation for which a higher value indicative of signal strength is received.

5. The system as claimed in claims 3 or 4, wherein the ‘tag descriptions
comprise descriptions of the respective physical objects the tags are disposed on.

6. The system as claimed in any one of the preceding claims, wherein each
base station is arranged for labelling a space corresponding to the range of said
each base station as public or private, and the interrogation engine processes the
search queries in a manner dependent on whether the space is public or private
associated with a user.



7.

6. The systemas clainmed in any one of the preceding
cl ai ns, wherein each base station is arranged for

WO awel10i28) a space correspondi ng to the range PET/S@2086/000091
each base station as public or private, and the
I nterrogati on engi ne processes the search queries in a
manner dependent on whether the space is public or
private associated with a28ser.7. The system as
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8.

i nterrogation engine instructs display of search
results in a binary formif the search object is
pubile sysiend ass claned éu claims 6t Vatvwbergia dlee ingerrqgation engine

instrlﬁsc‘ Bgﬁqaz%f CLA AR U iRB bR ifthdisEBirdh diffectis PhitiEeing is

rrogation engine instructs display of search

located §us pEVvatg Sﬁafﬁ -nary formif the search object is
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private associated with one user and the search object

is located in a private s eassc ted wi.th another..
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one of the preceding clainms, wherein an interrogation
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1.

range” around each substati on;

The system as claimed in any one of the preceding claims, wherein an

interrogation engine protocol is optimised for energy, latency, or both.

12.

A method for searching physical objects, the method comprising:
disposing one or more tags, each tag being disposed on one associated

object;

arranging one or more substations for communication with tags located within

a range around each substation;

arranging one or more base stations for communication with substations

located within a range around each base station;

utilising an interrogation engine residing in each base station for

interrogating, in response to a search query, the substations within the range around

each base station, to determine whether a search object of the search query is

within the range around the respective substations.



arrangi ng one or nore base stations for conmunication
W th substations |ocated wthin a range around each
whawe/ 1861281 i on; utilising an interrogati on engi PET/SG2006/000091
residing in each base station for interrogating, in
response to a search query, the substations within the
range around each base station, to determ ne whether a
search object of the seareb query is within the range
around the respective substations.13. The nethod as
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I nterrogation engi ne for processing the search queries

in a manner dependent on whether the space is public
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18.  The method as claimed in claim 17, further comprising arranging each tag for
labelling the associated object as public or private, and utilising the interrogation
engine for processing the search queries in a manner dependent on whether the

object is public or private associated with a user.

19. The method as claimed in claims 17 or 18, further comprising utilising the
interrogation engine for instructing display of search results in a binary form if the

search object is public and is located in a private space.

20. The method as claimed in any one of claims 17 to 19, further comprising
utilising the interrogation engine for instructing display of search results in a binary



19. The nmethod as clainmed in clains 17 or 18, further
conprising utilising the interrogation engine for
wo pwbnemsi ng di splay of search results in a biPer/yGi006/000091
if the search object is public and is located in a
private space. 20. The nethod as clained in any one of
clainms 17 to 19, further conprising utilising the
i nt errogati on engine for i@8tructing display of search
nar. form f. e .searc g
forn R4 tertfl oBePliF et o sria 0 Su P ikt a8t sforsh obieet s
locatesl inGcprivede space gespoiateel wifearotieraser.at ed wi t h anot her
user. 21. The nethod as clainmed in any one of clains
12 to 20, further conprising inplenenting t
21 nffdaﬁrmg’dilpdcﬁ‘& claphetk inc any oaei Gedaims 1A do %@séurﬂteatqompﬂsmg
lmp%hén'tm erﬁ%‘t IneSrddaBoh me‘ﬁbfn@gaée'nﬁahs%ag'lﬂe thd %ase—statlon or

I stributed mannér on thé base-station and one or
implgmentiag dhe ditaregmtiongengingy i a sistriad PaarKIsy casthe) %Sﬁﬁaaﬂon

andidhe@N¥n @B o Ble GilRidIBNd 3r 9521, further comprising
optim sing an interrogation engi ne protocol for

energy, |atency, or both.
22. The method as claimed in any one of claims 12 to 21, further comprising

optimising an interrogation engine protocol for energy, latency, or both.



