RFID Bl ARE ¢

Nd

—

0
=8
N

)

o

2

2006

ok

!

G



N

1
2 15¢
12<

0054
2

Tor



IK

or

B’

™
)

2.2 ©]

10

B’

o

)

12

B/

o

)

12

2.4.1 AA == v $3

14

Al &3t

&

ERER

A

z

2.4.2 3}A 9

17

4 A 8 A4 A

2.4.3 7

19

19

A

&7

)
=

e

3.1 RFID A

22

3.2 REID Bl IZ O] T8 oo e

32

37

4, 8119

37

=
=

4.1 81

.. 39

4.2 7+ Holg =

43

4.3 B L AT R



5. IR-tree(INterval RtIree€) .......ccouiiiiieiiee e e 51
5.1 HIOTEL -2 oo, 51
B2 BEAL e e 55
5.3 A G e e 58
Bid T TE e e 69

B. A5 T 7 oo, 75
6.1 AT BE7 e 76
6.2 AT TIOTE] ..o 76
6.2 Ol TF A% HIIL i 79
6.3 dlolE xo] mE H AT HIIL i 80

6.3.1 7F5-Alet BE HIOTE FT e 80

6.3.2 75 EE HIOTE T, 83

6.3.3 AFZ EE BIOJE] T i, 84

6.4 dioj8 g 2L A d9 Wt WE AT HI s 86
6.5 Bl 579 T7F W2 Y AT HIIL e 92

7. B3 BT ATl e s 95
ZETL BT e s 98

ii



Abstract

iii



8 =X

1 RFID(Radio Frequency IDentification) AlZ=8 ...oiiieeeiie e 1
2 ol AL A FEHE e 2
3 Bjzzek o] AL o]F AR HIAL . 4
4 )19 oF o whE oJWlE MR L 4
5 OJAFAL Tl e et 9
6 3DR-tree®] == FZe HF WAl o 15
T HREE D] 5Bttt ettt 16
8 TBtree Q] TFFu ittt ettt 18
9 RFID AIZ2BIO] A L e 19
10 B2 S1A19F 571 1R T 20
11 RFID Al Z=B1] 8 E0F ol Lo 22
12 RFID AlZ2B1O] A T35 e 23
13 RFID &-&9] ellok A= HOoTH 25
14 Bl AAE Enter HOZ i 26
15 871 AAS Enter S Qv HOZ & e 27
16 Bl #14S Enter$} Leave A5 9l& Ao® Fd i 27
17 BHTZE] T AA] e 29

iv



19 Bl ALY S8 e 31
20 BHZL FAE] W e 32
21 A=7]e] wFs B AT e, 34
22 TID19] oJWlE A mtrl Blo]8] A o i, 40
23 AZ FZE FE T e 42
24 3DR-reeol| x| A AEztoll #ek do] A W . 44
25 BITL AR HIAA] e 46
26 B AJHEAE EPCE SHE L, 47
27 BIZL APEAY] T e 47
28 T3+ dloly RdS ALg38A] ek A9 Fo A ¥l & 49
29 7 diole BEg AMshE A9 Zol AR W 50
30 IR-tree®] BT W A e 52
31 G mE MEZIO] ol 52
32 IRtree@] A Al e e 54
33 IR=tree BATQ] Al i 57
34 e AATS ek A WY AR L, 62
35 == AE WstE wiAlE A R AR 63



36 LFMBBS) o

37 s/

H H Lq% o 1L cececcrsccsccnns
38 di A Al AEZ] ] AdEfel whE FH A
39 715 ol olg vjgE == 28 EAA

40 LFMBBE

41

42 dre]

43 LFdI®]

44

45

46

47

48

49

50

5l

52

53

A)o]

Al lEE 9] FE el

71 el

Bz dlolE A7

A
=

o] A& 3714 ©lolE
o2 Al 5 HE
dlolel 3 G514 Find 29 4% Bl
dlolel A3 G514 Look Z2¢ A% Hlw
A% UlollA Find 29 A% ¥

A8 UlddlA Look &9 A%

A SlelA Find A9 4%

vi



54

55

56

o7

58

59

60

61

62

dolg & GlolA do doo] w& Look A9 4 M. 87
dole F3k G2elA Aol el @& Find 29 A% HlAL........... 88
dole 3 G2elA de] Fo w& Look Ao 4% Hlu........ 88
dlole] 3k G3elA Aol el @& Find 29 A% HlAL........ 89
dol8 H3 G3elA o] Foeo wh& Look #o 4% HlAL........ 90
dole 3k GaollA Aol de] & Find 29 A% HlAL.......... 91
dole 3 GaellA do] Foo wh& Look #Ao 4% Hlu......... 91
B2 9] F7bell @& Find 29 A% HlA 93
Bl1g=e] F7tell whE Look Ho] As M. 94

vii



R
or

KD

_.u_
ol

56
58
59
60
68
74

5 ChOOSESUDLIIEE() weeeeieeee e e
B SPHINOAED) ceieiieeiieeeee e

3 InsertDatalmplO) oo
A AQJUSETTEE) et e

1 S EATCIO) e e
2 TNSEIEDALAD) t ettt e

=
i=]
=
i=]
=
i=]
=
i=]
=
i=]
=

=4

are
are
are
are
are
are

o)
=
o)
=
o)
=
ol
=
ol
=
ol

=

I

or
I

.. 65

ﬂ.o
o
Br

\._A.uﬂo

]

|

5

2!

)
.78

viii



1. ME

RFID(Radio Frequency IDentification)= Z}& E3&°] 43 <l H1(Tag)E
F2skal ARl AR ¥ 34 AHARE #sd57]so] dv w57

(Readen) & &3l A4ste] FAdFvez AEAdshs HHS4 AAAEH
3

o
o
Py
il
O
rir
i
rlo
rg
E
I
i)
Jpu
0 {
r (o]
1>
=)
__>‘~‘_A‘l
i
i
Y
=
o
il
o
>,
ol
i)
o

AA H B UM o Fgdom Qe FNHEFIFE, AN AE/HA
T HE=US el 4y Aol d e e v adE 71E A
gl vH1][2][3].

Tag Reader Host Computer
253G Air Interface

) QD € 3

Wired Connection \ﬁ

RFID Air Interface

it |

@4 el $30] et Brk RFID A2® 59 A AEH P 2



AeAy Asen AYddE AT SRt 5o 7 457 BR

Al |t L2y RFID Al=HlS =98k Agoz gdaop & ZAHIY
&1

2y Aeolel AFel RFID Bl1E FAT A geEstast s A
A7 st S7rek] wikell, RFID AJARERE ofuz} i 8-3ke] 914

delHE a&dom wejshs voleuolxrt dastA . o]23 RFID

02 2 015 2HY AR 29

GPS FAl= HAF a3} @2 o5 A (moving object)= it W

_

v wupo) 3209 Al F7F Ao Ho g X8 Hudty, gy Rid T

de Adeez sty ol d=& dElid, o3 d2Es Kol v

N



A (polyling)Q1  #1 4 (trajectory)S 3 & $HTH[36][38][46][60]. =, 18 29 #o]
AAZE AZE ] 5 A2 Gyl AL, ARE el St AR (xyel 3
I 2 I R I IR N R N CARS) B S

[,y 1), (X yp b)) o2 A4s 5dd 5 o, 332 R-Trees AF&-8fc]

o

HQ1e FHB BLE o) AASh fAS Azkel A%H R o Fn
5

Mz A oy R WHorA A £ME 7o R s HolE X

@3t A9l FE7b B asi,



900MHz tE[L}

S A9 A o Au :
& (s e

BN B XH XtEf

A ol A=

18 3 B 0l 2Kl Ols 322 Hlu

ol

oo A E FA37] A= oMIE Z|Hto R g1e] AH S xds|
of gt} Bl17F dE7]e] Q124 e EolZ w Enter o|HEV} AL

A4 e WA U2 Leave oWIETZF WAL olelgt ojHE LA

RETA
o

rl

Al BZ7E Basks e AleRt 91 5, Enter oJHIE Al HA18}s

o

b 1x19} Leave o|HIE Al H st AlE3E A& A4S ARo=z A4S

dalv 1 49 Zo] Hlae A FAF 4 vk

E:L:

=
i
S

Q .
fol
MW
08
12

i
(=)
3
Im
nt
0=

8 4 i1C ol=soll T



et olefd WA meal e AFgsE A9l #E7)e] A
of Solg MTE s 2E 4 Qb FAZ wADT. vk v} B

NE7L BAs fRonz bt B

_Ua

71e] WA= 9o o}& Leave ©]

7ol Eo]4 Wil Enter o|MIE AAJo] Rl AlFE o= A Ao

il

TR olHE Azt AL Hvt #svd HEvds dRE 24

E7e] W B EAT oAt A2 dely wmdi Al pxvt

Z a5ttt

of l=7hrebs Aol AA Adxter @A Algte] Foid o, 7
Aol fAAE b= Aot “o) - A pgFo] 240l 3A] Afole] =E3E 3}

o oftiel Qgi=Abrs}k ol AR WAt B Agke] Folxl A A}

3 ogro] B4 AR 7 oz 2= Aelst Ak 9l Aelol A Hels]
= odolEe w7ka A7 Egebs oY g% tolEeln, A ol
Agjob d. e} AE ol% AAE 3 AT
doARe @A oA Aelsl B AuAs} FolAk doE AT 9
=BGl Atk wEA, 28490 Ao Al PHAE RFD H1E 9
@ A= doly muw A a7 Aas,



17] $18ted RFID Bl HH S 9

438

K

)

Boel ARS wHEo)e B

1
R

o o] mElofA

q +7H(dynamic interval) ¥} ¥+

“FZk(static interval) .= ¥ &

]
. mebd BEole mRE e A4S Azl F

el

Al Zbe a1 A

-
R

71l v A=

4r

%

+ Look #9,

Z

H1E

= History @ 2jo|t},

ES

Zh= with 29], 8719 ol A=E

M
o

0
=

A AEaE

gel 7

are

el
=

o7tk 54

=
=

2 Hae] Aot

;OL

—_
~
N

e -3k ol

ki3

& 98 A

9l el Az

&

[t

S

A A

T%21 IR-tree(Interval R-tree)E

Q)

el
Nm

Ll

ol
iz
K

e
o

o

;OL
NJo

el

)

Fol IR-treeZ

S

S 7 dolHz ndd

Blze) 9%

s

oA AA

=
=

o

—_
file)

o]

[

227
-

~N

—_
file)



mpE o 2 Bl E A AAY A FH oy AAY AR HEE
A3t #53F A 2Hautomated manufacturing), A 32 ¥ (inventory tracking),

34 2] (supply chain management) 53 £ FH|FHE 22 S8 FofkolA HL
o] A olHARS HAH AA YXE FAL F U

(]
;
o
}



2.1 OIS 2% Sl st A7

ol Aol dHoly REHL olw A dAAl H m #X¢ wdd
MOST(Moving Object Spatio-Temporal)[55][62]¢} ©]5 #1&4S Fd = A&7t

djo]H X d(Spatio-Temporal Data Model)[20][21]Z Y= 4 STt

MOST Z&& A7 @48 o] &3te] o] A @4 % vig) A& &
adth 24 wu gERE dolEuel s Ao A% A Astel ¥
142 A2 2, BAA w7 glo]l Aol Akl wel wskeh BA &

Aol ok B1el A Sy U ARE g5d 5 {17 "ol MOST

AlEzb dloly RElE 2akel 3kt AZE ARde Sl algstn ol

AAE Aol Aol whel 91217 Wakshs 3Ak Azt AAE Aol



~

1o

ol

oy

a9 59 o] AA Y
o]

1

R

5}
TZ2X R-Tree 7

°©

1

1

A1

S

a7 9

o9 ggoz A9

gl

S

& &

=
=

=

=

(line segment)

LN

=]

.‘I

S
hs

1t

A

o] 2o 9% HH
3

A

4Q)

T
gahe

]_

A
S MBB(Minimum Bounding Box)

] O
=

o

ntl

(XS’YS’tS)

/‘ (X6,y6,t6)

N

SpEidsy

A
71k Aeojel A 7 AR

pd

e

3

el = A

[e]
//
(XSyY5vt5) ‘\

[ex

A

/
tl)/

8 5 0O|ar& e
aA =

-
1

(XlaYIy

2.2 0]



A

71w Aol

-
it

o] x1t}[46]. =}

BIEE!

2}o] 2 (time slice) 29| To &

K

il
3
=
KA
o

—

0

1o

t:in
gage]
J)
o)
w0

<]

et

olt}. R

o
NIV

I
=K

i}

il

i~

2173 A 9 (topological

[e)

2 o] (navigational query)® 5

o]

3}

A4 7189k Z o= enter, leave, cross, bypasse} #

)

—_
file)
e
X

el
N

~

;OL
B

o

A
SEER

1

o] 24 10474 o]

wrlle) o] Aelsh A Ao}

T

=

Ak Aejol e
Z

=

[e)

i
o
0
-~

oF
it

finy
1|

fife)
0

a3 @ AoellA Az Y2 AA AdEs A

2.3 7zt Hio|E

7pAm oW 424 7]7Hduration)S U}

=

=

T-Zk(interval) [I, r](I=<n)<! &
Aot A F7HA

N

~

;OL

oF

‘_Iryl
Vol

|

=
el

~d
pH
adl
)

10



Ll

7FA ™ Segment Tree[5], Interval Tree[6], Priority Search Tree[7]5-©] St}. ©]
gk AlQle] dlolH Fx+= ol AN Eg Fxol7] wdd EE HeolH &
Hxgo| AFsHA Hrh webA] tiaa Fo]A 2 AFE ¢ gle Al Hol

ol 1E)al 139 T3k dlolElE ¢)8 MQl FFo]il backbone treeE A

o

25} oo

o =

ox
oX,
=
o
=
o,
v
il
2
A
ot
)
&
)
>
Au)
Wi
)
(o
—
L
=
o,
Anj
2
>

=
=

Hz= 71k A9l FFx=A A Al R-tree Al o] UATH13][26]. R-
tree[26]%= HlolE] &3 WHol Al T MJoEA F AAE HA
A AHzFE (Minimum Bounding Rectangle) 0.2 %33t @t o] ZE 4
olEl & A3ttt ARldl dlelHE syl 918k ChooseSubtree il e] &2
A 99 & % F(Least Area Enlargement Policy)S AF&3to] A e ==&

Hugich £ ws QHBERY A RIHE 249 wEsk A

o
18
o

R*-tree[13]= R-tree7} A Aol Gdguts st GHHS BHastr] st
o HZl(overlap)d} 7HgAIE](margin)E F714 o2
treets AYS FiA @F =25 A
Overlap Enlargement Policy)S AF&3tC} 18|31l QW Z2-9-7F @A% =0
< =9 PR HATF He 2 & A9EH, A msohe
A Fho] HA7F Hes dEZE St ©=3k QA A AREsho
R-

treeo] TIF FEEU G BAHS BYSTh

M
i)

N

SR-tree[14]= ™91 WX E] AF Al G321 Segment Tree[5]15 T~ 7]4k

o& ek Aglojt). Al TR R-tree[26]9t T TRE M 7E

rk



B 4Ae auz AT Aol ge 1

7}

o
=0

o0
<A

, HIolH =

o
ﬁo
Y
on
e

3

dlol el 7k 2

T

~

A= 2T

w

-

s

of

EEEE]

}i= SR-tree
A

°©

b, B 19
2

ol A

°

i oF

0

27 A BRem el B 47

= ol

1

1

;?L

S
A2 A STR-tree, TB-tree7} LT}

to] e =717}

=
}

°
pil

|

7luro 2

o

=

=

of i

feis
=

o -
A0 ©

steg, wx=o 777}
3}

XOL

A
A, @Ak 1

l<d, Quad-tree

3]

A

=
=
R
]

=
A2 A 3DR-tree, HR-tree, 2+3 R-tree’} It} AlA, o]% 2

1

.
H

o5 A el

}

a
°

o el of

o] ¥
R-tree,

At

S|

file)
B
22

el

iz

)

g

N

o

7

—_—

0
=

—

X
[~=
~

o

=]
Hr

o

)

12



2 S ol% Ade @A A% Ages A6 BE AT AL
3] &

slcroll w3k AF[33][E7]9 A 2 mY YAZ dSee dAFEB3BIE

A4 71We ol 8@ ol AA ML olF A AN 234 ¥ 4
o) Hom APk By A [57]2 3 71N A [39]91 A4 olE A
b AE gejuA] grom Ml ale] giths ofelrjefg Abgdtt)
FE AHESte] whE o] shsah olF A REe] whE :mto] o

ZE25 wAE sfAsoF Tt LUR-tree[33]i= 5 AAC] 9x] WAow

g <

ol

it

tree?] == WlollAe] Ao w AgTFomHA mxo]

R-
Tz WAe wE uge AAAAT A% A4 ngo] Frieh BAA

Tayeb[59]> °l& ZAA| S| ol& W&E o]&sto] il fX|oA vl £

7hA1e] ml ] A4 & PMR-quadtree[54]el AFEo @ AAgstch shAIRE Al
A ZF F7F mhek A A oF sk EA7F 9l oW, PMR-quadtree®] 444 i

Azl ZAE 7HIn. ol F AAl= 1A Bal ok AEHoR oFs

o
-

A gleow, Wil Ajzy W S 5o detvEE o]gste] A R v

e
AAE AL 5 vk ol AA dS5e A= AQlol Altel whg

TPR-tree[53]% ©l& AA7F S Badt Al o]Fo] tigFaed YA(E

4 A F HYE 2HEA F)E AT F U=FH

AA o] SIX R AN FHAE, agla ols AA olFHAdS
% o}

L33 Hn ol EEHL Aol dZa 9

off



o a7t v AHA WA e 2AsHE @ikl FAmII} o] Fojxint,
Webd FEE 9 A e HAY A9 Aelgel w4

5571 27 gadths 540 gtk

o AlFZE Al FolA olE AAE AP A= 3DR-tree[60], HR-
tree[36]7} lom Aot A AAE HMEE7] 913 2+3 R-tree[38]7F Sl
71 229 3 dHolE 2 A3l R-tree[26]0] 7]4WH3l 3DR-tree[60]E Al
s EUE S For FUhete] o)F AAE Mgt =, AAVE Al
Ft] St SR Gyl Az, AIRE ] SF A (el dthE, 33k
Akl A A [0,y 1) (LY ) =F AT [0,y 6), (6, Y5 b)) 2= #H1A

S BAT F o, 339 R-TreeE AME3le] At} 181} 3DR-treet=

¢

A A AAE B59 dolt) stAvk A 7FA] 3DR-treex= 29 @O A%
=t

14



[(Rofm2] | |

[ale[F] | [elelp] |

(a) 3DR-treeQl X

=]

(b) =2 mMBB2 &&

2 6 3DR-treell & 22X H& 22X

HR-tree[36]= R-treecl AZAIZE 7IE-& F71ste] olg HARE RdT F

[*

ow AHKAQ HAHE xS sl R-treedll <3 (overlapping) 703

| =

22 FAAET 71EAR0 Ve A EYe fAsta dHIE WE FE
]_

s} 7MAE gAstozA A9 FAS fA 8= Zol) Ay

focs

e
N

o

—_—

7}

o

73 3ol HR-tree= EFYARIEviTE thE ]l QIAE

v 7HAES HAEHA g+t HR-treev= ©]s A

i
o,
o
offt
o
r]I
(E
ol
L
2
52

& Aol mEHolARL, olFe] Wol WAstE g v k= B oAjgd

15



wEE Alw QAo s, 53 o Aoel Aol AatuEi BAlE b

oy

1 2 3 45 B 18 9 3 Ba
18 7 HR-tree2 .

A 2@ BA JAZ A7) 93 2+3 R-tree[38]= 3DR-treeo] FA %S
27b A 3A ARl die A4 wE AFste 7 o/fe] UE R-trees
Abggto A slAsitt. 22kl e dA AlFCA AA e 3 de He
gAshy, 3kl RS AAY B o)HS FAFT 2+3 R-treeol] A A ]
Al digk & AR ofz REUHE, 1 do]H = 23 R-treeol| A A A 9

Aol g A1z AZE oidE FrAstAA A E T dd(opened) 2 A <]

ot
)
o
fu)
=2
2
mi
>
L
o
(ks
X
e
o,
o
(S

N

Y R-treeoll A 3l EZE 2
Askar, 32k AlF3E gel ARES A5 33 R-treeol] Arldkt. o] ¢}
2ol F 9] AMAS FA5H] W AMZ HixEE ols A 9 X

wheh 2 RSl Hofok st 5 7jo] R-treedll A ZolE Aok st A

16



3 A

9

9

=

=

A4 Ao

=]
&

L

dejet 22 A

AHO
e |

H

H 3}

7]
=

X
=

F A

A4 e}

1

s

ol A

]

2.4.3 X HM= 93
(o)

. o= L - —_—
o W e T @ A Ow W T -
U (U = = —
i ol Jo o T E oy e o
) W e @ ® T LMY T o<
w0 Mo " — W B
iy - o) & o M o N )
JooooH oy mﬁ mﬁ F T e T L
o OR il N UG S I =
A T W S
s o KR a ol Mo mo  TM N
X 11 Ay w w % moﬂ N o 5 5o W
oI R S MG ® o
oy o g om 7 o de B F Moo Jo
ﬂz%ﬂﬂﬁﬂwﬁ%ﬂwmmﬂx
e 0o N o Mo © o7 o T " i < M
SR g oo oy TG T e
L X m xom = M T g oo o o X o’
~ g Q 3% o Moo o T =
Ho ﬂ_ ~ afl # G o H Moo = N =
i oy 2 JORe Yo R 2y DT T B
= = Eo K
w% ooz owr mm m o W wi_ e M o oEm ¥
) ~ = = ~ S K 3
I TR S S WO V- Yoz
o R - S N S D T A o
w ¥ T 5z T oMoy Moy oo 8
~ a7 —
2% ST T iwToyBg T og
T B do 9 ~ O S o o F
WE o N oo B D
Y — X o F odo A o= T © T
~ 1:1_ ‘Mu_l HT OE =3 ~ - . ll l
I LA - S S o< o Mg
RS b = @ oo Hop B Mo
Mm o o T Mm M = M_ T o BB g
O Pes) — & ~0 _— E -_—
be gw EF3 IT e TR g0
_ T o T g B MWowomoT oo g o
qy o X0 Hom T A w2 b

17



Ho

wjr
v

o RFID EjZL

Fol Astr] w2

5]

|e1] c2[c3] | o4 c:5||06|07! 08!c9l01gc11|§13

18 8 TB-tree2l 71X

18



3
Chat E
2 o
1 =
=55l

ol A = = o =
] o]— ]/\‘1 LR 1 5
-
.o O
1_1_
o] ] T A | ™
o] ]
|
D 2
170 ]
RF of o3l &
™
3} 1_% pS|
= S
OG}E}‘
R

] oL
o] 23
sk 7
d ol A
g Lo
o ojom
o]
OH =13
A v =
O|HIEE
= 2743
=

L & =
Tk Bz < Q
o) 9) ]
2 o z‘ Q
A 1 qu
o -
, =
Rds 7] | - HE EAHS
i‘:g N ;
%@%A: s
) }\ﬂ
i ) ] v
7 o oﬂ o
H]_ T
e o HE A
= = ‘]
o g 5}
45
o #
gt

M g I
RFID Hlﬂ<

j_al
2 9R
F
ID AlAELS)
24

F‘L—li

FID Al &8 3 7], 283 H = o}
]/\Eﬂo
R o 18
=4 gg— Fdy
] Bzt =
gl X
- ]
1
:rL/K—]E]
o = [1
].

=
Id

rr
2
(o
ofl
o]
lo
do
—d
=
=
L)
2
rj\g
o
(L,
o

tl

ol

l—— O A
[e] m

X (o) ;(q =z} = Z)-
= 7]4 A7 O]
L ] o ]
o] =
[$]

-
°
1o
-z
it
-
o
»
X
o
r o
L
(o,
Lo
oft
il

£
-
¢ <l

19



ojp

ma

(Passive)

Ho

s}
=

EE
of 2% Azt Al

=
=

)

ol WE7)ete] 1A Az

==
=

B ZLell B3

171 o

5]

A5 da g

&
k!

=m

R

bR, <14 A7k

S

FHOR Ago] Tbs

K
=3
N

)
o

N

B

p—

1o

E
i
W

;o,._
B

R

4 %

i
27

Ho

)

R

(interrogation zone)©] =}

ar
30
Kl

-

8 10 Bi |IXIet =] fIX2 2H

20



fu)
I
o

>,
2
do
W
e
o
sk
&
S
N
2
A
=2
fos
e
of
12
r [*]
=2
(i
=2
_0|L
rir
[gu

Al A

Fohs HOR Q8 BIE Q4E Rae FE EAL WAT 5 9o
W, o] BAE A AN FRHOL e BE/E AR BE A7

olsl Zol 5% L AXE BEAE Gelo] BoleAY e B

o AnE sl AWE Aden oleld ARE AESd AT A

m

_YE

(automated manufacturing), A3 ¥ (inventory tracking), & =4 ¥ (supply
chain management) =3 @2 TFE SEEokl HEHT dE Sof 1d

1S =7 #E 98 A

1

D{H
::1
opy
O
D
toke
>
ol
2,
Py
L
W)
N
g
(o
)
fo
>
)
rir

21



% 11 RFID AIAESl S= 20k Gl

o AelE FAstE Aag AT Wk, AE 10] @A o= Fu
of Qbrebs Eloe @A A FHol, R AR Aol 33 BE W
AFe Fobrge Bael A 94 4L B AE 94 2 @A
HUE FAE A2 AFHE duk kA el 94 FHL 94
delel malst 3 9 R WA 94 FAS A Ao BEHA A

2 9% 491 7]yl Wasit,

3.2 RFID Ej19] HI=

A A ddE AAE B} BE7)e] 5% 99 om Sojbd ol

22



&2
o
ra

A5 Enter oJMEZF Ak, TE G WoR UIbAM QIAHX

Leave ©|HIEZ} drAyslc}, o] 3t o|WlEV} WA winjt}; FE7]= 2FAl9
YA1oF Blzre] A¥EAE g2 AEe) o3t ARE o]gdle] o] =&

NAE AQe TAFE WA A w

&1 A0l EPC #10| &1 Al EPC #10|
17:00:1501 10 & A4 S (Enter Event) 17:00:2501 £1) & % S(Leave Event)
Capturing
Application
Enter Event (17:00:15) Leave Event (17:00:25)
urn:epc:tag:sgtin- urn:epc:tag:sgtin-
96:4.011562.0557083.19212166 96:4.011562.0557083.19212166

ALE Engine

(“RFID Middleware”)

[TTTTT]T

Tag Acquisition (17:00:15 ~ 17:00:25)
4011562055708319212166

RFID B=D|

/\_/

RFID Ei

8 12 RFID AIAES &XH #X

Aegeiel $4meadel AEa ALE vEde] ¥ HEHow v

23



o] =wolE 7HE A9l #lelold EPC-ISH &
I AAE FAH37] 9 Aol st AFsk) webA], AEAL h4dE 7F

A= Bazh d5v)er A JHlLte] 5% FH(loc)o® ol w, A

o= ARE A

tower O1A Q121 3 Qo7 Zo]7} W Enter o|MEZ} WS (tid, loc, toer)
= 99& "oy Leave o|HIEZL
WA (rid, loc, tiwe)”t EPC-ISZ AEETE oju] F oWlES] 4id%t loc=

%OE]B‘]_D% ZLleavel‘_f tenterE—E]' {So]_}g_ i]:]'

7} EPC-IS® A%t w2 Bart &

B R
_O‘L
D)
§2
rlr
ol
fz

olf g S&olME tge HE AT 5 AUk A& = “16:00 FL
Boll AW EF9 AFH? ozt FoE At 7Hgsiak WA o]
HE dlo]E "HolZol e dolgolA “16:.00 Fal B”ol s == tlo]E
Z HAg, o AR A% ID #1~47F FEEY o] AWE JpXa 1F o
olf HolE& ANt AEFHS FE3t] HoE At o] =

olflE dolEl HolEol] AFE El1o] olF ARE ol&ste] AMIS TF

ol A=

24



== r==
|
e ;A
[
v
RZ ID #1~#4
=== =
e
0|t E dlol g
HE D 27| oA | DA
#1 AT A 11:00 15:00
#2 0 A 11:00 15:00
14 diold #3 T A 11:00 15:00
HEID | HE= EIN £} #4 0 A 11:00 15:00
#1 Z3M0 | 2282 1000 #1 A1 B 15:30 18:00
#2 FAEE | 2712 800 #2 1B 15:30 18:00
#3 BT 20 2000 #3 A1 B 15:30 18:00
#4 M22 54 500 #4 1B 15:30 18:00

18 13RFID SE2 02 d&&= ol

BLe] o] so® Qlsto] AAEE AAS thad o] RdAddE & drh
AR, Enter oJHE WA A E = 3219 Bk How R 4 gt =
A, Enter oJHIE WAl AFE = 32k F7HY] HS o]ojx Mo RdAE
T Atk A H o R Enter o] HE WAA] AGE= AlFIE H Leave ol

E XAl A E = 32D I HE oloja] Ho=m mdE 4 vk

25



HA 29 149} 2ol Bl #AS Enter o] HE Al BAEE 33 F
el Moz BAE = At} o] Agde YT £ dE Aol= Timestamp
o AIZF} dA|sk= AZFREE ZhA o gtk wHeF Timestamp ARole] AJ7F

T 7 A J2]she= AFoe doe At #5994 Ad
Slof shm Fobe] A5 Qs AAZ AMslof s LA wAld,
Tid
Rid
Tid Rid Tirmestamp
eh ) 11 °
ef r 3 ed =
eh 9 5

18 14 B0 AXES Enter 322 HE

a9 159} o] Bl AlAS Enter o|HE AIA] AT = 33Y F7HO

e ole Aor 3T 4 v Ho =z XA Timestampe] Alo]o] A|Z7E
TR HAE s Aay] delAE Ao At ke Fojopt &)
ARk o] Afels Hog FAHDE RE AoE U AT 4 9l

Jey BjI7E dE

BT YEAE ¢ 4 vk 53 BF #d $8IME Fu 6§ wE
2% 82 AN A9 MAVAREE Enter oME HE AE HO



Tid

Rid
Tid Rid Tirmestamp
eh £ t1
eh ] t3 85
1 t9 th

18 16S B2 A4S Enter o]HES} Leave o|HIE 2AIA] AAIE = 33
YA T HES Ole Aow XHS Holth g F WHIE 24 A9
o] A ZFFS SAElA] ga AoE AHElEd 4 o Hrt dET)d ¢

B¢ QA oW WE/N tE BBV o Bda YeAE 4 5 9

be

)
k)
kg
X
©
ri
M
2
>
s
Bul
5
1o
EY
2
tlo
m
>3
T
°
=
(m
S
[y
D
2
[¢°]
°
&3
(m
s
oz

Al AR EE 3R w3 e Sl Adem mddth

Tid
Rid
Tid Rid Enter Leave
eh 7 t1 te
eh rs t3 td4 ..“-.
5 ra 15 16 &5 T

8 16 EH AEZ Enteret Leave &2 QA= Aoz HE

27



o] =l #AF7] rollMe] Bj1e] &

(1S

A4e e gol et
BeJolA idid, rid, ri= 32 T3] 7 H& ovlEtH rde dl AAS] A
2 ride BE719 AEAY fore tewer= 2FZT Enter2} Leave ©|HIE Q] WA A

e olm gy,

e 1. A=) ridel A el A ddio]l LA o

tr={(tidrid,)eR® | tid = tid;, rid = rid; , tower <1< tioave}

N
-~
)
o
=
(222
0%

ol
il
Kl
i
it
N
=2
2

=
=
2

N
=
-
D
<
D
o
z
[
N
=
=~
3
S
>
L
=2
e

A okar 78kt o] Aol dE7)o AAE ridEt 7S Enter o]HIE
A= (tidy, rid, twe)2l A& X7} BH=™ Leave oM E = (fid, rid,

feoe)) A F7F QX7 BaEch weba gl ddH AL o] T e AlF

28




tenter t]ea ve

v

_______

rid

Z']‘dj' tidi; ridj, temer)

(tid;, rid;, treave)

S.o
~

Brel AMe thest 2 54 A ek AA, BE7)e] =g A
gx=A e 9H2 mHd B4, HE|o] 7pHom ola AHe =
Ho] wAyEC} @IZZH, FE=7e Aoz g #Ae BEdo] urAysi}.

o % F N Bask BUsA e B0 HEE HAHEE w59 9

AZA o] AAE AR R Fdg A4 o2 FFET RFIDS] &8l



o 9122 el

> 7
7w
o
=z T
- W ok
A —_ X
o]
o Y
" ) No
“ = T
! W o
A m G R~
— = B o0
....... BUEEE R, 7} N
. _ o9t
7 / o; 1
, \ Rr (i
H \ N ) O
@ | 3 D om
\ h — ~ X
= oo = g
AN \\ m _
X % ur o
....... A LS
— [5N] D ,.LO ®© 1,7|L E.rl
g 8 ! — - B
i 50 <
" aj T 5
m T Rw
© “ =
e Y
= o g
-
N
M l
B ol
=

A 7}

pLA

Hl 1%

-

R

3

9

A1 ¥]
30

=

=

azpelE R Q1A

o

3

o] i

AAE t~t, A Abolo] FHo] bk ey A4 &AL BE)e) 7}
Bel A4e] FEHUGE Qe

7



|||||||

- =~

g

A

re
rl

I 19 B0 A= B=

dojol 471 elel AHe w

o] Al
Tl

npx|uto 2 gHE7) o]

EER IR

=
T

S-o AT AZF P [to, ta], [te, tg]o]a,

o -9

).

% o

unknown

1
R

AZE F7E2 (ty,ts), (13, 0) 0]} ( o

=
T

|

o

=
A B WM Aol 139 o] ®

BE7)el

1
R

&l A

&

—

=]
=

31



il o R e R

rl

J8 20 B A= HE

3.3 EHd 39

|

0
Jo

I
ox

+

L

;OE

i

Aale] $1%)

|

T2y RFID Bjz19] 4%, ElL
7] woll, X weko] npd uwjvith )X

in
G

1o}, e 4

S

=gty FANAT AH Bzt s

32



5% 9o A= P4 @ Ao ofF W WA di= B ol
5 A4 dEdow Ued & gt BAgel vk wekd w1 A4e
FHet7] e AHe maYeta B AdoE THSE Wel Bs

3.

1% ol A dloleWlo] 2ol A 3DR-tree} TB-reer 37 AL A
Aoty BRel 2o SRolAE HA 94 Aojw ol @A Ao o
3 Aow wMaA dolumz HA% A4S mF A AFE 4 o]
oF Gtk e SolA, “AA) 129 Ae] PAF HBS Folrrel B @
A 97 Aol Aalay] daAs 120 dle] @A EAsE FEe A4
dob @k the dzA, A7 @ Aol a5l o 2ol AT 2
olzlne} e Aelsl Bole A% 7 s=ol g3 @A AA2 AAHE o
o, AA1e @A) dejel e Arot Aele]l AgEel glofok gk

#5719 Q1A B9k WWbA il wFE A9

Aol doje] Aitelel e Eotsta doje] FRI7E H F glrh 4,5 FAAIZE
o2}l 7B lowe®t tiwes Enter O|HIE S} Leave ©|HIES] AYA|7loln}
ZFB A T £ < trow < lreae©] W Enter OJHIENF WS Leave o] HIE
W AE A kA foh whEbA #AS Enter o] HIE Ao BHIE A]FZF 9]x] Q)
AoEwh RdHEBRE F=7]d HWEY dthe AEE 14T & gtk ot

A Ao 3 Al ol s He ¢ gl AV A

33



S
W<
~
N

-
- ~~

1 " ~
17 1 72\ (N
tid, v RN - X
7 T \
1 1 \ 1
] 1 1 1
1 \ 1 1
\ \ 1 !
\ AY 1 !
\ \ / !
\ N 2 4
N 4
\\ ,/ \\ ,/
(a)
rid
A
R
tro
ridy frmmmmmmmesse- D
1
o
. Iy
rid; f-==--- b : $---
i ' i
] 1 T
1 i 1
1 1 1
1 1 : t
to t; to
(b)

a8 21 #=50[0 HR= B2 EMeEd

2 S0l 1% 21-@9 ol BE7] rol HL} AT 4ol Solek ol mh
Ak n AFgea. geltel we ARe 28 21-0)9) 1 o] T A

AlEZE A E AT dRow A, ®bef Bt #E7] pell AIRE g

of Eolet whAurbA ko Bj1o] Leave o|WlE= WASHA oAl Ho

b A2 9k 3Eol Enter OHIE Al BarE Alg3k 94

o

] o

]

S~

= Fd8HM o]Ale] Mdld AAHA drh. 19 21-(b)¢] R, o] 54

34



Dol BT p} pol GASE BB e AoE pawtia AR

Aok £ Rel £FHE ADEL Red, e TFHY = £FHA

gorw 7l #57] poll HEY dgdd: = et 1 AR 2 A
dorng g Hoo AnpoA At webA #E7]el Eoie} Enter ©
AERE A v e @A) 9AE 2E8E 4 s ¥l Aas

_l
ftl
N
N
X
rr
i
Lo
R
i)
_O‘_,
N
Ho
o
>,
rlr |
N
L2 g
™
>,
o
2,
=4
1%
i
rlr
Sl
i
i~
2

of wRIAE olel@ BAF A Astel 1o AL A T

tole] melS AAETE WA B2 AAS AH F-7)(static interval), 5%

v

T-%H(dynamic interval) > 2 ge|gttt. FA 7 7HS AlZto] HH A0 AT A
e A E AR FF A2 AZkel mEk Az & ot W)
Itk whebA, Enter olHlERE BAFE Bje] A2 ARbe] F
Aom RAHER A4 dos AT 5 Aok =3k B2e A4 F

AR Ao s FEFstar o3 Ao el HYE 9 He] 4

rE
O

(]

= Ay

A
o

_lzi 2
ro

rUO

i)
;Y



A o] o
1T e =

R

A}, mpH e A4

= A

o g&For Z9

ol H

k<3
=]

36



Ae)

}

°
pul

_CH

=

=

RFID A]2¥l9] El1

-
s

o] ZellA

je=
]

)

]
T

o B = A

PN
T

e
7+

=
T

=

=

=

Ao

o
Lol

AE A9 7

=

G we 7Y 9

Al

.

S}

h s

(rid)

3 Bl

5]
VA
it

5')4

(o)

=

B

AAAS AA
RFID Al=¥lo| A ez} ¥

1) iz AEAH(rid)

_/’\_4

2) A=A =

3) AlZk(time)
e] 37HA Qe

o 37h4 &

]

(o)
=i
=

4.1 Eja

To-

iyl
il

7t 5]

I go] o]

[e)
1=

g o

o

-

2

°©

o = =
= 7=

]
&

171 9

37

A4 A9 EFHE 9

[e)

A=)

At o

2

RFID A ~®lol A B19] 9]X

=
[}



Bl o] ou 2x Fo] B ghel WS e
Typel
Find 29): Q = ([tid", fd'], [}, 7]) - Nz [¢h, A1) B2 AEA [diat,
tid']7} )53 BE7]9] 9| ukgh

ol “18:00~23:007}-%] #13~#18 EJ-27} 3§ BE7]=r"

Type 2
Look A9]: Q = ([rid!, rid'], [¢F, /1) - NZF [¢F, A1 B3 B=7] [rid",
rid'19] 14 gl29] AEal uig

dl: “18:00~23:007}%] H=7] #1-3~ #1-49)] ]+ B 2=

Type 3
History d9]: Q = (tid) - Bl 2"} rid7} AU ZE #5719 A

Ll

of: “Blz #130] A7 HE PEr]e] LRE Foja)”

Type 4
with 29]: Q = (fid, [¢F, A1) - A7 [¢F, AJel Bl 28R hide} o] o]
£ o U4 v,

oft
t

k<
“

38



ofl: “18:00~23:007}%] #13 EJ 29} Zo] YUHE HE B ZE FHofel”
Find dol= Bl 28kl A|gke] Fold o, BlZ1e] $XE HAAMst= 2
ojolt} Find A Je] o == “ghxl apgFo] 2A17H 3A7bA] AAg sHEo ¢
A=?"7F dvk “HAG sE"o] B A Abolar “2A1 5 34 Atolo] "7}
AlZE 197 k. "o A= 24 5-E 3A7HA] AAE sHEe fA9] A=
719] $1A17F dvh Look & o= &xhat Alzte]l Fold uff, s Gl =A

she BILE AAshs dololth Look Aoje] ez “3u #lel A 243 E

BAZMA EAAE AEOlHE A" 7F dvk “39 172 H ool A A}

|5 = BE7)9 A o)W, 2AF-E] 3A7FA] Folxl ool EAlstk= HlLE

Zh=1
Aelol A F

Find 2 2lo]™ WITHZ = Find 2olE 35t o Holl Look ZoE 43

gto] A = Stk wekA RFID A|=FolA = Find 299t Look 2 &|7F

7] Aol

ma w2 History Aot Ak W9I7E A7 & A9

-

4.2 37t OOJE] DA

B1el fA FH4e A 2ol Agsty] HAsiM= 7 oWET 2

uich dHoleE A oF gtk 18 22 vl A¥EA TIDIS A= B

1

,_
3
<
D
o,
iz,
[
il
i3
o
—OL
rir
>
N
N,
offt
e
=2
rlr
folr
r
o2
12

o

N

ANES enlet7]

w ol B Lo AA S (4d, rid, tawers tieare) St BO] BB D = UL

39



tl t2 t3 t4 )
tid | loc | toer | teave | State

m TID1| L1 | tI - | Enter

T% @ @ TID1| L2 t2 - | Enter

L11 L12 TID1 | L1 - t3 |Leave

TID1 | L2 - td |Leave

18 22 TID12| OIHE 24 AIDICH CIOIEH &4 O

o2
18
rO
o
l
iy
2
N
)
)
m
S
5}
o
=9
i
N
N
fil

% tﬂ'/\g’é‘]—ﬂ, O]L[H ZLem‘er %/1—
= ¢ g dn 2u Al 3F 99 o2 veA EEY] Wl tewe #

O~

T

gith. &4 $12 A, dE 5o Brt A o= #=57]9

oE F9o =01 A=AE &V A= B dA dEHE dolEH
2ol frAsar glojof st =, Enter o|WIEZE AL Al g, e AT

o2 Frol AAHA %L f0 S HAF] 93 PHOZ 4,5 A EH

9] HFH(MAX TIME)S. = X &3}l Leaveo| HIEZF BT Aol f,,. 4

A g k. 2y AIRE Qe Hdige S8l wek Eee 1

grol ma st @l A7k ol Fe] g Aolo] el Al Ael A P 5
4 wE/ METE 2R Ao AnE w@sl @
Wetd o wRAAE Bt #5719 55 GGl MEH 4,9 ol

AAEA B2 A teweT AN TEHRJ ARo2 FHstal dHoly 4

40



wEbA o] el M= ARkl mhE Bl 1o AAE the gl £ oEe
T AA A TA gRtew ERstel Aodrh vEe 44, T
TRkel AelE flete] o] mdelMe Bl AEA gd, *=5719] A rid
2 AR 2 3 Z HOom, ddis BlLe] AR, ridis RE7)e] AEA

tower = Enter ©JWIE O] TAAZE 1, = Leave o|HES] WAAIZE ¢ = &

Aol 2. A F3)(static interval) =

{(tid ridt)eR®| tid = tid;, rid = Fid; , toer < t < tioave}-

A9 3: 54 ZHdynamic interval) =

{(tid ridt)eR®| tid = tid;, rid = rid;, toser < t < tuo}.

Bt BEo)e] Solow FA Frhe QAR AR T3
AAZEE BRI 4,2 WAA webd BH T A F Dol 4,
<ttt A 1,01 S8 AR F Qol7t ALHAA WA ) Bl
Solst obq WAL ke o
A Bz ABAATE fy . e St < e AT
g AT + Ak WO Bsh WEAS WA Wb 9@ A e 2

=

%/1-% tleavefr— Eﬂ%ﬂ(ﬂ }\]Zl— % 7‘4—0]7]— tenter—<t Stleave?_]- J—"J_Xé :T_LZ_]_——Q—

1o
mi
=
rlo
oot

a9 AHe] Al FHH HPOR E

01 tqueryztleaveoﬂ %j\g 6}% 7\81‘0’] % 7—(1 FL] 621_ —}l: g)]\q—

41




dE 501, 19 23-@9F 2ol BTt HET] towe ol BTt T
off WA Wil AL fower < tery < e A1l BlTLE] A T1F
23-(0) st ol Bzt o}A WEIIE WA ox erghenE AE & WS
7b lemers o] ) &2 7o3E0] H o) A o] A2 7F 7HS Tty 2> e 73T
= g 18 23-(0)9F Zol RE/E wA Ygornz AHe A7 = W
A7 [Mewen teael Q1 8 T3F0] o] o] A7t 7hssict wheba] 99} 2
o] 1] #AAHE HA FIF A FHoR Ao Al AolA st vt

o

=2

sl
tenter tleave
|:| VLT T So
: /, \\ :
R4 N
tid; i N
Il g \
\
! :
\
1 I,
\ ’
\ ’
. ’
\\\\ ’,//
(a)
tid,rid tid,rid
A A
(tidi: ridj: [enter) (tidi’ridjy tnow ) (tidi: ridj: tenter) (Zidi,rl.dj, tleuve )
P >  — L
| : :
| : :
: > ' ' > ¢
Lenter 4 tenter Lieave
(b) lenter< query< lieave (C) tquery > Leave

08 23 X [, SH 22 0

42



4.3 Ej AEx}

o] Az AEAlel] et HAHE A ZErh weha] Ax AEAE

= = doE APyl flaide Folxl AlRtel] x3HE RE A
AE Gt AA AEAR ofdtajol gttt o & Eol 19 24-(a)F o
ols Ao HA o] HxEo] IS W “a 2kFo] 24|l A 5A Apo]o] 9]
S AAstet et 2 AUt Fold A9, a Aol AA AEA BEo] Ha

2A]9| A 541 Ato]l7} AJZF G-7bo]l Hth. 3DR-treeol| A o] AolE Ay 9

N
L
B

Ir

A 28 24-(b)2} o] WA 22 HA FZFAA FolR AT 7| 3

get AAE B Revh 1 ne A3 AR a AFL B 97
S 29 4 Aok ol Ao At A9 WA =5 AAdel duz

=2 H2d JoR As v ag o)t

43



5Al

2Al

ol

KU

70
Bl

(a) 3DR-treeOl Al 24Xl A1 E Xt

18 24 3DR-reelll A

2910 A 5

BN EEIEE

Z
1l

v}

uf 7}

=
=

o] Find, History, With 2|7} ejzre] A 29 =}

44



W2 sb7] wZel olefgk Aol A Al there] ' ko Hstnw

¢t %o] ¢l4A<l(continuous) HoE]E e Z A e, g1 A
HakE AEAQ1 dolEE vElE Fol ofdth =, g1 At Aol 9]
Holg= ouE 7FAA gom EAE + vk 2y sz 7k 34

Jtete xdels A7t

[

AIZF % o BEster B AEart v &
ASA] etk = Eo] a¥ 25-(@)¢t Zo] Bt #5712 o533ttt
AL olF o d] WAE = FIHE tid Foll FIATA HE BE
AL A Foll FashA e webs 9 25-(b)sF 2ol Bz A
b ghs 7HAE Aol Al Fell Hashy 19 25-(c)9k 2ol 7 AEAR AL
o]Z AXE MEo] EAeA] gomw w1 AHAs} udEolgr P31t

= Zdot=d EAVE TS A =

45



_————- _———— -

”
el @ i @
P

_____

B

(0o |--o—eo-0—o

to; }--e—e-0—o

> ¢ > ¢

(b) tidFell < () A &<

18 25 B AEXe HIHERY

oA A= 7HEA A el sijM A E A

k. 2y 4MAE AFHow TAH B

(R
_Yi
T

o,
)
A
iu)
=
ul
st
S

£0}, EPC(Electronic Product Code)[4]e] 729 ATH o= FA3te] 22 #i&
718]E EPCE 13 ste] RATTh 19 262 GID-96°. %A 1] 27}
£ 96 bit= Fdst= Wolth. 19 ol Bl AExtes st E Alldta

AL Ak, AlEdHE 55 UERES AEAES A

46



Header General Manager Object Class Serial Number

Number
(Company) (Product) (Serial)
GID-96
8 28 24 36
0011 0101 268,435,455 16,777,215 68,719,476,735

(Binary Value) | (Max decimal ) | (Max decimal ) | (Max decimal )

8 26 Ei AEX EPCEl THE

mEkA olel @ Aoz He AWAE TS AEa FAAN e
@Ado] rolzith wekA vl AWA idFHE
At dolE Frel BAGE sHxIvhal & S ek dlE B 19 27404

o 2ol fAVR EZ0) o b AAE EPCE TAS HW AEA wH 44}

StAl = a1, ol& AR FHeol tSAIZIH 7HA fIA gt weka o] 9 3
of Auixte AFHom FA}W dolEzte] BANS wAY = ok
tid
[VersionNumber | @  [seriaiNumber]
A
Qa—O
® e ® o
.C—.
b e oo C
>
(a) EPCe] 4 (b) tid FellAe] #=#4

8 27 B AEXS 23d

47



4.4 12t Giojg| 2He| &9 2| H|E H|w

=
El
ol
ol
N
Ho
ol
o
£
N
]
=
=
2
>
(o
=
ofo
g
1%
o
o,
ofo
ol
ol
£
=
=1
roh
£
N
]
=
>
rir

ERilth. 283} o] Ao FHol gy ¢ Aol dETIC HE= HaE
=€
=)

oF A7} bt mebd 73k dleld walg ALgel @i 5ol
Aol A W e

N
P(q"id 'ql) = Z (ni,rid T4 )X (ni,t 4, + l)_ -—= 3

i=1l

48



Rid

__________________ Q |G
=--{<h

N

P(q,4:9,) = 2(“;,% +q”‘d)x(ni,t +4q, +d)+2(ni,rid +q”‘d)x(ni,t +qt)__ 4)
i-1

1=J

49



Rid

............... Q |au
i =

i d e

P T
8 29 72t OI0OIH 242 AIE85te 32 29 Xel HIE
T2 @)elA (3= #Aatstd
(4)-@©)
J N
= Z(ni,rid +qrid )X (ni,t +qt +d)+2( lVld +qnd) (ni,t +qt)

i=1

N

=
_Z(ni,n'd"'qnd) (n +%+Z)

i=1

:i( N, ria +qr,d) (n +q, _|_d)+

i=.

( N via +qrzd) (ni,t +qt)

Mz

Il
-

J

N
_Z(ni,rid +qrid)x(ni,t +4q, +Z)+Z( 1 via +q”d) (ni,t t4q, +l)< 0

i=1 i=j

~d<l, >0

WA F7k dolE mRg Algaie] #E7

4 row E@SE el Wel A Hgol e £AL T & 5

i
S
=y
!
gy
)
&
lo
Y
2
o
O

fd

50



5. IR-tree(Interval R—tree)
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Algorithm Search(Node root, Query @)

1 Set Nto be the root
2 IF Nis a leaf
3 FOR EACH entry e

4 IF eis s/AND e intersects g
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5 return e

6 ELSE IF eis d/ AND extension of e intersects ¢
7 rerurn e

8 ELSE

9 FOR EACH entry e

10 IF eis sEntry AND e intersects g

11 Search(e, @)

12 ELSE IF eis dEntry AND extension of e intersects g

13 Search(e, @)

& 5o, 21 337 Zo] IRtree’t AL A QF FIFTL THA

Aol 99 QoF wAaretA] ARt R39 AEN7} dEnryol B2 MBBE 275t
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w28 Z= ChooseSubtree()9t T-3+& N U8 InsertDatalmpl(), Y 9

=X MBRE ZA3la RS Y =2 A9EE AdjustlTree() D] FC

&

Algorithm InsertData(Interval 7o)

1 Get root node rootNode
2 Node node := ChooseSubtree(rootNode, I.y)

3 InsertDatalmpl(node, ,..)

2 N2|E 2 InsertData()

ol WA ©d o 4 Fito]l glow Al F A So7H #
&

o] =

Algorithm InsertDatalmpl(Node node, Interval Z,.,)
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1 IF node have a room

2 Insert Z,.,, into node

3 [F node is not root node

4 AdjustTree(node)

5 ELSE

6 SplitNode(Node node, Node /, Node r)

7 [F node is root node

8 Create a new root node whose children are /and r

9 AdjustTree(l, r)

21elE 3 InsertDatalmpl()

71 R-treeoll Xl AFE-H AdjustTree() L5 AYoZ Q] =9

MBB7F WiAgel weh mEg Fxshe A9 dEDS MBBE AU
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N

1} IR-treeol| = MBBY] ZA¥ut oy
=, =27t 3y ol Aol divy dEntryES ESHebE A9 daElE 43 2ol

F9 A=) A dEnyE 249

Algorithm AdjustTree(Node n)

1 Get parent node p of node n

2 Find entry e in p points to n

w

IF p.MEE do not contains n.MBB OR p.MBB touches e.MBB

4 Adjust p.MBBE so that it tightly encloses all entry rectangles in p

a1

Adjust e.state considering the state of n
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6 IF adjusted AND p is not root node

7 AdjustTree(p)

Algorithm AdjustTree(Node / Node r)

1 Get parent node p of node /

2 InsertDatalmpl(p, r.cp, r.state, r.MBB)

3 Find entry e in p points to /

4 IF p.MBBE do not contains .MBE OR p.MBB touches e.MBB

5 Adjust p.MBB so that it tightly encloses all entry rectangles in p
6 Adjust e.state considering the state of /

7 IF adjusted AND p is not root node

8 AdjustTree(p)

2t 1¢elS 4 AdjustTreel()

R-treeol| X1 &]  ChooseSubtree()= 49 < <" (least area enlargement) 4 2-&
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Algorithm ChooseSubtree(Node n, Interval ;)

1 IF nis leaf

2 Return n

3 ELSE

4 Find entry e in n whose ABB needs new least area enlargement to include
5 Lew

6 Get child node child of node e

7 ChooseSubtree(child, I,q,)

2t712l& 5 ChooseSubtree()
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Algorithm SplitNode(Node N,;;, Node N,oyz, Node Nyews)

1 IF N, 1s leat node

2 Change dis to LFdlin N,

3 Choose aixs of splitting

4 Distribute A4+ 1 entries into N,ewz and Nyews

5 Set state of entries which indicate N,ews, Nyews In parent node
6 ELSE

7 Change MBBs of dEntrys to LFEMBB in Ngq

8 Choose aixs of splitting

9 Distribute A4+ 1 entries into Nyew; and Nyews

10 Set state of entries which indicate N,ews, Nyews In parent node

2112lE 6 SplitNode()
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c) AV #3E

45 20l AHE= 30Xl CIoIH 2%

o

| 7194

-3 (Gaussian distribution), ¥

S E-3(Uniform distribution), A}8F %3 (Skewed distribution)o]™, A}&-x}i= <l
2 st g 1Y A dHelHE AT G Ak AFoA AL
8 dolE Patel FRE ¥ 39 2ok Fu 7t bolE: 439 Bl ®
= 55 [0, 1]= Arslete] A¥S s
H 3 A0 AI=2E ol 88e 87
5 x7] ¥ B Enter = Leave

G1 Gaussian 50 5,822 5,724
G2 Gaussian 100 11,262 11,253
G3 Gaussian 200 22,334 22,295
G4 Gaussian 500 57,152 57,058
G5 Gaussian 1,000 90,709 90,512
Ul Uniform 1,000 83,530 83,348
S1 Skewed 1,000 64,581 64,405
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Abstract

RFID is a labeling method in which electronic tags are attached to physical objects and
identified when they enter and leave the vicinity of antenna connected to a device known as
a reader. There are many applications for RFID systems, such as automated manufacturing,
inventory tracking and supply chain management that need to trace trajectories as well as

monitor present locations of the tags.

A spatiotemporal index can be constructed for tracing trajectories of tags because they
move continuously like moving objects. As the moving objects report periodically their
locations while moving, an index can be constructed with trajectories represented as the
lines by connecting spatiotemporal locations. A similar index for tags can be constructed

with spatiotemporal locations captured when tags move between readers

The problem with using any of the above index schemes for tags is that tags that enter a
reader but do not leave cannot be found in the index. The trajectory of a tag is represented as
a line by connecting two spatiotemporal locations captured when the tag enters and then

leaves the vicinity of a reader. If a tag enters but does not leave a reader, its trajectory is
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represented only as a point captured at entry. Because the information that a tag stays in a
reader is missing from the trajectory represented only as a point, it is impossible to find the
tag that remains in a reader. Therefore, trajectory of the tag should be treated differently in

the index.

In this thesis, we propose an interval data model of tag object’s trajectory in order to
solve the problem. Trajectories of tags are represented as two kinds of intervals; dynamic
intervals which are time-dependent lines and generated when tags enter readers and static
intervals which are fixed lines and generated when tags leave readers. Although a tag may
only be reported when entering a reader, it is still possible to process queries because its

trajectory is represented not as a point but as a time-dependent line.

We also classify queries for tracing tag objects. There are four kinds of queries in RFID
systems. Find query finds location of tag objects, Look finds tags which stay specific
readers, With finds tags which stay with specific tag and History finds the trajectory of
specific tag. In this thesis, we treat identifications of tag objects as fourth dimension for

processing queries efficiently, because they are parameters of the queries.

For the interval data model, we propose a new index scheme called the IR-tree(Interval
R-tree) and algorithms of insert and split for processing query efficiently. We also evaluate

the performance of the proposed index scheme and compare it with the previous indexes.
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