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Abstract

An anti—collision algorithm is very important in the RFID system, because it decides tag identification time and tag
identification accuracy. We propose improved anti-collision algorithms using Bin slot in RFID system. In the proposed
algorithms, if the reader memorizes the Bin slot information, it can reduce the repetition of unnecessary PingID command
and the time to identify tags. If we also use ScrollAlID command in the proposed algorithm, the reader knows the
sequence of collided ID bits. Using this sequence, the reader can reduce the repetition of PingID command and tag
identification time. We analyze the performance of the proposed anti-collision algorithms and compare the performance of
the proposed algorithms with that of the conventional algorithm. We also validate analytic results using simulation.
According to the analysis, for the random tag ID, comparing the proposed algorithms with the conventional algorithm, the
performance of the proposed algorithms is about 130% higher when the number of the tags is 200. And for the sequential
tag ID, the performance of the conventional algorithm decreases. On the contrary, the performance of the proposed
algorithm using ScrollAllID command is about 16% higher than the case of using random tag ID.
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{Bin Slot]

ader command
Reade 000 001 010 011 100 101 110 111

Command =PingID
(PTR}=0
[LEN]=0
[VALUE]=No value
Tag 1f 01100100101001Q
Tag 2 01100110101001Q
Tag 3 011011001110011

Reader command
Command =PingID
[PTR] =

[LEN]=3
[VALUE]=011
Tag 1[ 011001001010010]
Tag 2{ 011001101010016}

Tag 3 011012001110011]

[Bin Slot]
000 001 010 011 100 101 110 111

{Bin Slot]

Reader command 000 001 610 011 100 101 110 111

Command = PingID
[PTR] =

[LEN]=6 T
[VALUE|=011001
Tag 1[ 011001001010010]

Tag 2 011001101010010]
Tag 3 011011001110017]

Reader command
Command = ScrollID

[PTR]

[LEN]=9
[VALUE]=011001001
Tag 1[ £11001001010019

Tag 2 01100110101001q
Tag 3 011011001110011

[ScroHID reply]

Identified

[Bin Slot]

Reader command 000 001 010 O11 100 101 110 111

Command = PingID
[PTR] =0
[LEN]=0
[VALUE]=No value
Tag 1 01100100101001Q No reply
TagZ[ 011001101010014Q
Tag 3 011011001110017
.
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Fig. 1. An example of the conventional Anti-collision

algorithm.
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[Bin Siot]

Reader command 000 001 010 011 100 101 110 111

Command = PingID
[PTR] =0
[LEN]=0
[VALUE|=No value
Tag Il 011001001010014
Tag 2 011001101010014
Tag 3 011011001110011

Reader command

Command = PingID
[PTR] =0

[LEN]=3
IVALUE|=011
Tag 1[ 011001001010010]

Tag 2 011001101010010
Tag ¥ 011011001110011)

{Bin Slot)
000 001 010 011 100 101 110 111

[Bin Sleo¢]
000 001 010 011 100 101 110 111

Reader command

Command = PinglD
[PTR]=¢

[LEN] =6 ’ i l ‘
[VALUE[=011001 l
Tag I[ 011001901010010] I

Tag 2 011001101010010]
Tag 3 011011001110011

Reader command
Command = ScrolllD

[PTR]=0
[LEN] =9
[VALUE}=011001001
Tag 10 011001001010014
Tag 2 01100110101001Q
Tag3[ 011011001110017
Reader command
Command = ScrolliD
IPTR]=0
[LEN] =9
[VALUE}=011001101
Tag 1 01100100101001q T
Tag 24 011001101010010
Tag 3 011011001110011

{ScrollID reply]

Identified

[ScrollID replyi

Identified
L]
.
.
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Fig. 2. Tag identification procedure of the proposed

algorithm for EPC CLASS 1 UHF.
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o
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Reader command
Command = PingID
[PTR] =0
EN]=6
[VALUE]=011001

[Bin Slot}

000 001 010 OL1 100 101 110 111

Tag 1[ 01100100101001]

Tag 2 011001101010017]
Tag 3 0110100111001

Reader command
Command = Scroll ID

[ScrollID reply]

[LEN]=9
[VALUB=011001001

Tag 1] 01100100101001¢

NS s
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Tag 2 011001101010019
Tag 3 0101100111001

Reader command
Command = ScrollID

Identified

[ScrollID reply]

[LEN]=9
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a% 3. ScrolAllD ¥WE2
CLASS 1 UHF&
oial nby

Fig. 3. Tag identification

algorithm  for

Identified
L
L]
L]

ABEIUE dF Fotst EPC
anti-collision &3z2|&2| el

procedure of the proposed
EPC CLASS 1 UHF using

ScrollAliD command.



44 Bin €% H®E 0|88 UHF tiY Anti—collision ¥L12|E 352 9

Abgste] SE HaE < '3}_1—1 Bin €% AEE © P ir—n)‘?{l_[r——l—n) m{r—l n)“l. 1 ]

§3jo] A& QAR Fob} PingD BHg wEF Yo AT ren ) rren ) e

flol Az e "k 9471 H} 2 4 9z B (4)

b H2 e A e Bas dAI HAL - qgup g2 g gas ads] A g

ZEo] B RE HIE AAE 97A ol F2 PingID W% 5359 7|tk 1& 4 G)s 2o A
AAL wrBEtt 19 32 ScrollAlID HH-& AHEE) Argieh

A& A A daeFe B AXAAE vehdth
L=1
a7 n m m_ 4

M= BM r—n\7 r—1—n\p m(r—1—m\z 1

V. M5 24 + 337175 )[1 (s (=) r_n]

E AdH= 71Z9 EPC CLASS 1 UHF & > 1 (5)

Anti—collision ¥it#]Z3} A<kt Anti—collision & 328]
£ A5e 4310, 284542 gyt
A%3E PinglD ¥# e vhE3i9 gl A4 AIHS

=29,

"‘6’1-7(4 o7

1. 71&L
clS
g9 D=
m, Bin €39 7H'/Fa rOIE}
Al Bin 0914 Bin n—17}A4]
oA 274 o]l w1zt §
\_ plrlT: ’g| (1 *L]' QQE‘

r= T el

oluf, r& 801 n& 0<n<7 Aotk
webA, R dAA Al EFH7} PinglD T
)¢} 2t

we R
(2)

7} F HA PinglD 5% %A Bin 014 Bin n
—17t4] g3 ¥/}t 913 Bin nollA 270 o4 =l

| EPC CLASS 1 UHF Anti—collision &1

%8 3& pl2

a7 e 82 ponolet Helshd p2nd A 3%
2ol Axtdrk

_(r—n Y (r—1-—n L:_m r—1—n %_1. 1
ne(f T - )

uebA 5 8A gAdA Al 27t PinglD B8
A& FE p2ve W9 2o

Ad7} ehtel Bag dAew Fe B s
m—plﬂﬂ%»mmwzgﬂ&alaﬂﬁﬂ+44
AL ALFH wEsEg urt mole HaE 25
NS R HMXI A5 PinglD BHel Bd WHE3F
Itotal2 2 (6)7} 7] A4ber
Ly=m

)

@ 5> (6)

MY B1E gA87] sk mé
skEste g st mole] HaE
Z Nz7Fe gu7t PinglD H#E7
ScrolllD ™ # $ahed dge Alzha e o2
B9 S Alzh oot Bl Ad ARE 2E @
ato] 8 ME}. g7t ool A 2l Al 2
7| RL_C¥ 3ti, 2t data rates DRreaderth SH9,
27t mte] Bag Qdste Tt 2lurh Bl A
3L Afste e AL tawers (DFH 22H,

o= Al

a2l fue m
9] ScrolllD H#H&
oA sh=d ZHile

A%

o
=

RL C(1,,,,+m)
DR

reader ( 7)

reader

RL_C¥= 147 bito]l™, DRreader= 70,180 bps ©|tt.

g #t]e] PinglD Wl o3 €19 $& w3
o] 77|18 TL_P} &1, ScrolllD &l 2t gl19]
s g9 AZIE TLSE A3s™, 19 data

rateS DRyt @ ®, @ti7t mle) 818 AAshe

Fet Bt SddA S
tugs A (B)F 2o,

SgE Adsted dee A

TL _PxI,,,+ TL_Sxm
DR

Frog = ®)

tag



20064 18 Mx3=E

TL_PE 8 bit, TL_SE 120 bit ©]
bpse|tt.

2l o] A% AAE DEadert 3131, B2 A5
AL DE & W, dui7t mAg Bas d4se §
e & AN taws A ©% 2T,

2, DRyt 140,350

_/Jx:x]

(I total+ m)(DE reade‘r+ DE tag) (9)

¢ delay =™

DEreaders 17.81 uso) 1 DEtags 57 pso]th.
w2t 97t male gas
A7t o 2 (10)7 22t

o)A o]———tﬂ A g]‘_‘:. =

RS |

ttotal reader+ ¢ tag+ ¢ delay (10)
2. Motst Anti—collision &12|&F
B29) IDE dPela, £So) HAE Bl AFE
molg &9, Bin €% NFE rold & o Hx ¥y
7} PingID B3 A% Al sl Bin €% 270 ©]/d9

B2t 98 3E pue (11)3 2ok

—1yt 1
Pu= (1 (5 (5 3
- Bin £%& EF io|BR A AN izt gl
A% PingID 8% /el 71d& L2 4 (12)9 2ol
Atk
—1ym —1ymt 1
e e Gl et o B
Aokt G Fe < #d7l Bin €39 ARE
7]040}13& Bin %)\E E] TZE o]‘l‘}ﬂ Eh:]' U’]’
A F wa gAA st Al A% PinglD
A5 7l Le 4 (13)3 2.
_1y= 1 21
, sz[l_[r ler_%(rrly ] 17]
(13)
AA o 7t mled Bl2E BF 94% 4t

A A%3 PinglD B39 DB [yms
o] Aak=™,

4 (149% 2

(45)

FENH QBATCHHA1E 45
AL GuZe A A mAd g 94
el FeE & At (1), ®), O 2L 3

O

& AA (0% Zo| 78 % Ank. Scroll AD 3
Argshe
g7k mAel Wag 914
e @, ®, O HAN mhA m+1%

734 ScrolllD B#H9 7 1%HE %7}5}33
sh=d dEle F AL tow

dste] (10)

3 2ol 79 %
V. 438 2 U ABF0/M 2
B AqMe 71&¢ EPC CLASS 1 UHF

Anti-collision ¥mgEa At ¢ndFY A5
FAoR Hlu 9 B4, /\]‘331101”2 3 2
A%E AZF3H g1y IDE 9% bitel, 1 F AA
Z g2E sl A3 FEL B bite 7}735}315}.
Ao} U s AEHH FHE A AE
glolelol A ALgE ot B HF AR A7])e
AA AR Ar|d A sden, e H2e
data rate= AA9 U3 G Hurie} 2o
2 A% Ade 2% 18599

a% 4% 7]€9) EPC CLASS 1 UHF Anti-collision
qugE3 Aoks g, ScrollAlID HW#HE A
sio] AT dnelzol dg FEel WA B 7

%o 2 2ol PingD ¥ W% WEI5E vhehd
th H2e) DE AYF IDE AHgatR o, 4e St
A FAARE Jep, £82 AlgYoA A%E v
et} 29 458 BY 7|&9] guFoA £5H &
AT AEdolA AR7} e Aol Yepdn)
600 =——>r==repc crass 1T 24
O JIES| EPC CLASS H(AIZd|0] M) m
— - RI2IEH DRl S(EN 24
500] O R L D2AZAIS0IA) o .-
— Riorst 22| Z using ScrollAlID(=~8Y £4) e
< # St 202l Z using ScrollAD(AIE211018) | i
w e
5 400 oL
il -,
o1 300 o .-
70 ke
g0 o, -
2 200} o7
£ .-
a a.”
100+ D/./ D
B
0 40 60 80 100 120 140 160 180 200
AEE Ef9 4
a8 4 S0 ehst el g0l 2 2(H e PingiD
oido| diE 3| (S EfTID AIR)
Fig. 4. The number of PinglD command for the number

of used tags (random tag ID).



46 Bin €% FE£E 0|88 UHF LY Anti—collision ¥12|E =g o

Axbale #Aol

=
A m/rE<1 o)Fd] WAE 4 9E F/149 Ed9
ju

2lt9] PinglD d% ©53l471 @ &
a9 5= #9 Al €aglFel W SEo] T4
A
A)

a9 Ffge 2 AIZHE YERdY. g
29 IDE AYF IDS AlLsgen M

o

22 HaJ4EER Adstd 71&9] ¢ue
2% o 179 1 A o] 7bsshd, At
F9 AS 23 oF 252709 ®Hl1 A4 5

O3 62 Ao Al g s
g AHEEIRE A4S FE0
]9 PinglD 3% A% WE35FE YehgY ol A
BHo)a Axjolty, 19 604 71Ee dnEEe &3}
29l IDE zZte o) dalA 23]
BE g wE3eTE T A
A Hag AMEE AP EH7PinglD B
< Bin €322 $®eE Bt W] dEo she

° [¢)
=249 B ID

B2 94 F tha) ASRE PinglD WH AL wE
3t 7)1& duEE 49 PinglD ¥ A5 wHE3]
F7h @A Zhstich o) Aeke dueFe 7
SolE PinglD B# HE WE 357 S8 A ¢
[~ 3/ES EPC CiASS 138 =4,
O 2IES EPC CLASS HAIEA01M) o
18| - mowst enelzam 24)
O RIS 22| S(AIS|0I1&) e
1.6] — HI2KH 212 = using ScroliAD(==EHX 2A1) g7
% KIS 22| E using ScrolAIID(A| 221(0( ) L

100 120 140 160 180 200

%% 40 60 80
ArEE Bl 2] 4

AlZE (RIS Bl ID ALE)
Tag identification time for the number of used
tags (random tag ID).

2500

3 1500}

8% 1000}

5001

—&— JI&2 EPC CLASS 1
—©- Herstetngls
—a~— J et 22| E using ScrollAlID

\\ﬁ\

<

b

"""""" 30 40 80 80 100 120 140 160 180 200l

=8y
&t7] wjiol B2 23 PinglD B#H o) WHES
%

100 120 140 160 180 200
AMEE EH2 Jf

F=0| LM ef T Jiof wE 2lH el PinglD

Ho| wE3lg (ZXEQl Bl D AMR)

The number of PingID command for the number

of used tags (sequential tag D).

Aeket FaelFel 2% ezt Bin

crollAlllD H&#H & 21838

M
A
=
w

FE0) 24T 93¢ PinglD
2 A4 41 DE A48
q 5 9k

o

ottt
r2
oy

T
e
ol
i
l
i)
N

[2)]

=}

&2 EPCCLASS 1
orst 2N E
oFst 25 2] & using ScrollAlID

40 60 80 100 120 140 160 180 200
ABE B9

ZE0| grst g1 o w2 2lH 9] el

AAIZE (&Rl el ID ALR)

Tag identification time for the number of used

tags (sequential tag ID).



20064 18 Hx B85

3 B IDE AHRSIAS AR Bl QlAzke] F
Zhettt. AlRMe daE|Ee £AAA Ha IDE A
°}°i*‘ 3¢ A9 IDE AHESAE A SR 200709
LA e el iElA Bl Az glo} oF
Ao N, ScrollAlID HHE A}
oAl oF 16% A% o] FA=HA

13%

=9
%
Q. 3} 7

=3
=
[o]
o
=

Z9 4
Anti-collision

Bodo Roex Ror

dFe IDE %%t EH:L
2ol A7t 2070
2 U% g9 7
F7F 20078 4 @ oF 130% A
T @A EAEHD JdE 3}494 OJEﬂUrg} F/ltioﬂ ,15}1
Ae 7129 dndsy 4% 29 F 11749 B 9
2ol 7hs oM A2kt %ﬂﬂ%-‘ﬂ
«1 Bz Q14

Aol FAEAT oA, Aot
Nzge Agdtia e Az LM
AAE 4 9orZ REID AlAH A%

(1] H Vogt, “Efficient Object Identification with
Passive RFID tags,” International Conference on
Pervasive Computing, pp.98-113, Zrich, 2002.

(2] M. Jacomet, A. FEhrsam, and U. Gehrig,
“Contactless Identification Device With
Anticollision ~ Algorithm,” [EEE  Computer

Society CSCC'99, pp.269-273, Jul. 4-8 = Athens
1999.

| =2X H 43 & TC ®

4n

b - 47

[31 H S. Choi, J. R. Cha and J. H Kim, “Fast
Wireless Anti—collision Algorithm in Ubiquitous
ID System,” in Proc IEEE VTC 2004, LA,
USA, Sep., 26-29, 2004.

[4] #3%, AAE, "RFID Alx~doM9] g1 94 &

AF ATEA) AAFE=EA, A 249, A

5%, pp47-54, 20063 5.

DW. Engels and SE. Sarma, “The reader

collision problem,” 2002 IEEE International

Conference on Systems, Man and Cybernetics,

Vol.3, pp.6, Oct. 6-9, 2002.

S. Sarma, J. Waldrop, and D. Engels, "Colorwave

© An Anti~collision Algorithm for the Reader

Collision Problem,” IEEE International Conference

on  Communications, ICC '03, wvol. 2

pp.1206-1210, May 2003.

[7] Auto-ID Center, Draft Protocol Specification for a
Class 0 Radio Frequency Identification tag, 2003.

(8] EPCglobal, EPC™ Tug Data Standards Version
1.1 Rev.124, Apr. 2004.

(5]

6]



48 Bin €% MEE 0|28 UHF < Anti—collision €12 F

b
fok
o>
o

S I |

55 (239
| 20049 olFdistm B E A}
AAZ LR s}
20044 39~ @A o} F it
AABSR A4 A 3

#(339)
SFoistm AR A A

St A xpA A

T A AL

89 P AAAL

&3} Fshukat

1997 7€ ~1998d 69 UCLA #7713 Postdoc
A4

19973 79 ~1998 9¢ IRI Corp. CA, USA

1998 114 ~2003d 2€ Bell Labs, Lucent Tech.

2003 3¥~AA olFuistw FRFAUT
AAEEE s

<FHAEF  FA AEHY QoS, MAC Z2EE,

IEEE 802.11/15/16/20>

<FB/AHEoF : A, RFID, MAC protocol>

(48



