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A Physical Sequence Estimation Scheme
for Passive RFID Tags

Tae-Yong Kim

Department of IT Convergence and Application Engineering,
The Graduate School,

Pukyong National University
Abstract

The applications of RFID technology are expanding from —identification of the
tagged objects to localization of real world objects.. While previous RFID
localization techniques’ mainly deal with estimating locations of tags in. 1 or 2
dimensions, they do not discuss about estimating sequence among them. For this
purpose, we propose an estimation scheme that utilizes the movement of a’' RFID
reader to find out physical sequence of passive tags. Proposed scheme can be
applied to various RFID applications that utilize physical sequence of tagged  objects
such as automatic verification of objects order and displaying detailed information

about objects on a screen “according: to-their physical order:
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2.1. RFID

RFID(Radio-Frequency IDentification) 7]&o|&, A4S o] &3] H AgldA
ARE QA= 7S Edth o7lde et gyrt 2asitt Bl <F
Huel 14 sl2=2 olFox=d, 4 3= <ol RE 7|F3la QHUE

Bal wEOA ARE Uk o ARE Wk RER YL s

e whEs AuAY Fe AdAE A Faw AeAE €
9e 4 glor, gxol Aeld Qi BAE SR ARE FAT FE I

RFIDE &A4lol| Ab&ete Ao Faa FEe7|® ). w32 T35 o
£3}+= RFIDE LFID(Low-Frequency [Dentification)©] 2+ st=d),
120~140KHz9] A== £t} HFID(High-Frequency I[Dentification)=
13.56MHzES  AR8slH, 1RGNS

of\
M
rlo

P ol&s S
UHFID(Ultra High-Frequeney IDentification)E 868~956MHz e A=

ol gt iAo R g e

X
&,

Zot el Microwaver 2.45GHz &
AL-8-she} (4]

=]

E3F RFID= ARS8 e3o2 2/ 5 v o4 #57]e] sy
He ARE ¢a FAlee s F5F(Passive)d1e}t gtk wheEEd
(Semi-passive) Bl L&t B 1ol AAA7F s o] 2lo] Feo] ARE ¢l e
Y-S AREStaL, SAldE #5719 EHS ARgSE S wdiy mhA

o% L2 (Active) B2 He ARE 2y I ARE EAFE o 2%



2.2. Localization

L

A5 2 9AFAEDeletn AHE Localization® THFF A%
(Sensing) 4] % o] §ate] AF&A7E sk AbRe] 913 2 o EARE F4 3}
%ol k.

EAQ o ZR RTLS(Real-Time Locating System)~7]<©o] 9oH,

-
s

N

a9

LBS(Location-Based Service) 713 #FAetu LBSO 4= olssAd 7]
ko] QX 7|HE Mul~2M =2 CDMA(Code Division Multiple Access)th
GSM(Global System for Mobile Communications)® Z& o]=EAl7]4L o]
&A T, RTLSY 4%t 248 B AUt 2 A FtoA A8l
2 9XF4E s dl Wi-RiUEEE 802.11b), Zigbee(IEEE 802:15.4),
UWB(Ultra-Wide Band), Bluetooth,"RFID 3 & A7 F4l 7% ]
&3

RTLS 7|&dA AleH s Fa-7He2 s gy 22 o] gtk

= Angle of Arrival (AoA)

» Line—of-sight (LoS)

* Time of Arrival (ToA)

* Time Difference of Arrival (TDoA)

= Received Channel Power Indicator (RCPI)



» Received Signal Strength Indication (RSSI)
» Time of Flight (ToF)
» Symmetrical Double Sided - Two Way Ranging (SDS-TWR)

= Near-Field Electromagnetic Ranging (NFER)

Ak o] F oA A RSSI ¢ TDOA 7]%S 7]Hto 7 & o] ),

RSSIE= FAlE Faolsda &2 1o A5 A7lE S48 o] &3sh= 3o
2, HlZ1e} AP AfeloAe] 2lae] It9EA 52 HZE2A(path loss)S A&
7} olE 8 At AAA = WA ot BE Zigbee ¥ Wi-Fi Al2=Elo] U

of daelFe ol & FaNA o] @kl wol ARSEAN Agd A=

(3, 73)

- —
-"‘— -""iq,
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1
x1,v1) 1
e \ =2,72)
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a3 3. TDOA &igl&
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TDOAE °l&% 7= 574 WA 21 19 #Ze] Bosh AP Ato]oA] 4%

b Agssd e ABAE Shste] 0B AR W@ 9x T4 ol



98 St gtk b WA PAolu] UWB 2 Wi-Fi 7]wke] A2

Wol A Fz Abgol Btk MEES 1A el A3} BAskH, UWB 7]

T HILE o83 dlmAl AXFA WHoR RFID HE AP E
olFRE, AAX T e ol EA A FAEke] ek il W
ANA g AR BaE ANFLRA ofF Ae| AH R-AE FAd)=
7ol vk flek 22 71 AR AdgATe e 23 4

shaa sk ool /a7 27k v,

=

2.3.1. gl HAF484

22kl A Eh e AAE FASH= A9 A WA o 24 Indoor Location
Estimation Technique using UHF-band RFID'E & =<1t} [5]

29 43 #Zol AR HAe "E FAshal, "

A wjA g 5 Abge] 2l E &% A o] Estd Py HIlE Fr]Ae=m <l
Aghtt. ol Fa Foixl HlolHE At AAFAEE sh=dl, 2y ¢l
T3 (Read Operation)e] 3ol ujg} S ~8® W2](Clustering method)¥}

Al - F8 283 "2 (Time-average Clustering method) 2 & o}
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3.1. =94 B <2574 4A

=94 "5 &xE FAs] AdiAe 7P 71RAQd deR Hr
Hihe] ool wE Fukg Q1A fo]l5 o] &3tk Aol

1§ 29 el mutd ZulE o] &ate] B Fad H1sS 27M(Scan)st
71 Al#ebd, 11 169 2ol 1715 71(Read Cycle)
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T1 T2 T3 T4 T5 T6 T7 T8 T9 TIi0 Til TI2 T13 Ti4-T15 Ti6 TI17 TI8

SCAN BEGIN
Read Cycle 1
Read Cycle 2
Read Cycle 3
Read Cycle 4
Read Cycle 5
Read Cycle 6
Read Cycle 7
Read Cycle 8
Read Cycle 9
Read Cycle 10
Read Cycle 11
Read Cycle 12
Read Cycle 13 ®

SCAN END

1% 16. Read Cycled 3 B8] ~E

o & E°], T12 Read Cycle 1914 ¢}3l % A& ¢138]t47} Read Cycle 4°]5-5-
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A ZF7S] Read Cycledll 93l ¢17l Bl1E9] Ao = ¢l Read Cycletk=
9%l Read Cycle#ke] 1S AH&3to &A& AEste Aot} o

=
55 3 gjz1o] th3t Simple Average <£xF FAAES . EEstE 2 olt)

rc; :/Time of a Read Cycle when 'a tag is recognized

N : number of Read cycles when tags are recognized

Simple Average. value =

H M:

L
N,

< 3% 1> Simple Average 718

-

& 4o A9t 2ol re; = P BlZ7F QIAE S W, Read Cycle AN3He &S
th N A4 Bl1E59 7 Read Cycles] 357olt}. shute] ®lZigxtel] o
st o Hy FAAE A3Y BEE Read Cycle 75 7+ Hl17F 139 Read

Cycle N3+e] o2 Y& gholt}.



wob 19 159 2 dloled] A Bitgke A & 55 go] EE

Real 141513 14|56 |7 |89 |10]11]12]13|14|15| 16| 17|18

Sequence

Simple
Average | 2.0( 2.5/ 35| 48| 49| 62| 63| 75| 82| 9.0| 95 | 10.0 10.5 113 11.0/ 11.7] 11.3 12.0
Value

Estimated
Sequence 1123 (4 (5|6 |7 (8|9 |10{11|12|13|15|14|17| 16| 18

< 3% 2 > Simple Average A& 9|1

SHARE 919 At oldHom vt JAAMEHAE wWe] AFgelal, AAl BlL7t

AA = FejE 19 177 2k

TIT T2 T3 T4 TS5 T6 T7 T8 T9 TI10 TI1 Ti2 T13 Tl4 T15 Tl6 T17 TI8
Read Cycle 1 ® o o
Read Cycle 2 o/ 0.0
Read Cycle 3 ® o o o ere
Read Cycle 4 O LGy ® | © [ ]
Read Cycle 5 ® O - @ o e (b)
Read Cycle 6 e 6 6 o o o
Read Cycle 7 ® o e ® &6 o o
Read Cycle 8 o O e 6 o o o
Read Cycle 9 e . o o o [ ] @ /O .
Read Cycle 10 SFeF ON™@ ol '® e o o
Read Cycle 11 [ i 1 ] ® O o ® o
Read Cycle 12 ] ® 6 6 o o o ®
Read Cycle 13 ® O ® 6 6 o o

a9 17, 93] A= "ol o

a9 179 ()= H7F Agol Aoz esurt A Read Cycle =+



Real 141513140567 |89 ]|10]11]12|13

Sequence

Simple
Average | 20| 25/ 57| 62| 49| 62| 62| 75| 82| 9.0 95| 10.0 110
Value

Estimated
Sequence 1(2|4|5(3[6|6 |8 |9 |10]11|12|13

< 3% 3 > Simple Average A& o2
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