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Abstract

RFID(Radio frequency identification) is a technology that automatically
identifies objects attached on electronic tags by using radio wave. RFID is
considered as a core technology in establishing ubiquitous sensor network
(USN) and Telematics service. Recently, international organization for
standardization(ISO) and EPC-global organization have announced their
documents for RFID Air-interface which is a standard communication protocol
between a reader and passive tags at the 860~960MHz.

A typical RFID system consists of a reader, tags and a middleware. To
identify the tag ID, the reader communicates with tags through a radio
frequency(RF) communication link. An individual tag is first identified from a
group of tags in the reader’s interrogation zone by using anti—collision
algorithm, and then the communication occurs between the identified tags and
the reader. If there are several tags in the reader’s interrogation zone, a
collision occurs among data received from the tags. The collision can be
resolved by using anti—collision algorithms.

In this paper, UHF band RFID protocols, such as ISO 18000-6 Type A/B,
EPC Class 0, Class 1 Gen 1, and Class 1 Gen 2, are investigated. And then
the improved anti—collision algorithms using each protocol are proposed and
analyzed. Also, the performance of proposed anti—collision algorithm is
evaluated as comparing the standard algorithm through the simulation.

The improved ISO Type A and B algorithms use the way to reduce the
timing of 1idle slots. The improved Class 0 algorithm utilized the
collision—pointer and collision-counter, and restarts at the updated node to
search the trace of tree state, but not at the root node. The improved Class 1
Gen 1 algorithm processes the bins that the collision does not occur, and then

the collided bins stored in the stack are processed dynamically by searching



the collided-bit position of collided bin data. The improved Class 1 Gen 2
algorithm uses bigger Q value than the estimated number of tags when it is
decided to the slot size of next slot.

As the results, in the case of improved Type A and Type B algorithms,
the reduction ratios of the total recognition time are 24.3% and 6.6% for 1000
tags against those of standard algorithms, respectively. In the case of
improved Class 0 , Class 1 Gen 1 and Class 1 Gen 2 algorithms, the ratios
are 12.2%, 63.4% and 11.7% for the same number of tags.

Therefore, the total recognition times for the improved algorithms are
shorter than those of standard algorithms according to increasing the number
of tag. And the tag identification performances are fairly improved by using

the improved algorithm in resolving a collision problem.
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29 88 Type A9l #=ZE}lo]®(link timing)S YWEW ZHola, 19 9= o=
488 FagolFL U Aotk sivbel A waolel dste B
[Preamble][Flags][Parameters][Data][CRC-16]¢] iz o] Sgaicth & =
ol A= [Preamble][Flags][Parameters] F-&olA &He] J&=A A& HdH
stel Sl gl &% A9 ETNE F BEFUI A4 A 4L
M

«—— Single Tag Reply———
L
|Prearnhle|FIagslF'Bramehers| Data |cnc-1a‘
| | |
™ | [v2]
— =1
I
~——— Collided Reply / No reply———
Lo A <A L_ee-ee DI
rofeted| A [ agtitereff e fomc 1
ul b
ﬁ% 8 Type A° TTAH HAE o]
«~——— Single Tag Reply———
s MTANIEATIN \IIHIH e
Preamble|Flags | Parameters CRC-16
L
+~————Noreply——— <———————— Collided Reply————
e WS MDA UMMM RN
posmte] g | paramers prosmte] g | parameters | Data jcects

T T2 T ‘ &
ll—b

2% 9. NAE Type A g9 g aEto]r]
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2) Type B

)A

~
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% 12+ Type B @=astold e UERW Zoja, 19 132 °o]& 4§39
Aetolds yEdl Zolnh sty #ly W@l Wiste] B [Return
Preamble][Data][CRC-16]¢] #H & gu=z Sty B =R A= [Return
Preamble] oA §Hol A=A =AE st F

BA

=0 T 4 A Ase JAAdskA T

<~————S8ingle Tag Reply4>

== NN NI e HH\IMHII\ ~ Jlll

Return Preamble CRC- 15

|

|
™ TI | T2
-~ r

«~————— Collided Reply——— No Reply

<IN \H"" \I?HIII\HI\HIHHIH\IHHleUIHHHHHHHH\HWHH i

Return Preamble CRC-16 Rt n Preamble EDta |CRC|BI

™ T2 m™ T2
-—r -~

a9 12. Type B9 4 %E & AEtold

«——— Single Tag Reply——

0= MR oz NS =TI
‘ Retum Preamble | ata |CR|::-16‘

™ T2 T
-

<———— Collided Reply—— No Reply

Il
e NN R ||H\|HH||H\|H\||HH|H I eeeee 10
il
o |

Data_Read

T2

9 13, 718 Type Bel & A€o
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2. A" EPCglobal Z2E &9 FEWA <dugF

1) 7§4%E EPC Class 0 &g =

(root) =E4E EZES AlZetA] Fi B FEo] LA HE ZAE(bit
point)ell 4 A&k WA ol o]&  fste] Bl FE HE EQIH
(collision_bit_pointer) ¢} &%= 7} El(collision_counter) S F7}sle] F&=o] Al
st FE HE IRIBE F=5 fAE 7IYsty & JHeEHE SUHAIIH. 19
3 2 E &4¥E] Q1A sE FE JIRHE AAAA 0 HE HIas
Tree traversal JEHIZ o] S5 $IXHE EE Az

29 14¢F 15= JHAdE Class 0 &atgl=9 s29] o8 AH3 Aot gt

o Bl 7] Talo] AAEW 1= Tree traversal A EIZ Eoj7tt} o] A
o e #axe A4l ID HEFS MSBFH AZE A7|WHA ZHz g HE

A AEsth Hae SHEC AR g2 HEWOZY Dojd FTEoli, AR T2
HEZ} #2015 H| FE0] ofyrh ®eF 7 §HFHo] T olHH, de
EEZ A B2 A$8aL, Prefix_data Dol F713sc) whek o1 &5

_[C_)'_
o] Z2=oW, FgE g Z2aAd e wg 07 12 Br)siey 2 =

-

TollME 002 75t =% ot 2t 2 B FAE v EVE qheF ol A
TP HEG-1 HA)Y A= H1+= oy HAG HEE gy=E A5
ek B X sh= B9l A ALY A EIE Traversal mute GEIE 333
ZA1 9] conflict_bit_pointE & HE= AA3aL, conflict_counts 1% &

ol HIEYE HFL stte] Hl2E ¢ s] Q1Astr] 98] mbAlE v E 91 A 74A]
AP, s vpAg HESE A 3 W o Y2 dAsdo 2dE dE5S
HE 71 [Bl22 ID 2ol + 1] ¢ s27F g 2FE ‘null’ HelHE FAiled
Singulated command AE)j7F ¥ 3 81 sty &eE] QAR Bl sy
253 FH7F ‘null’ dlolHE 453 Traversal mute AEIQl BlZEL #4219
conflict_countg 1% #FAslal, o] gko] 0°] =+ EJ1+ Tree start FEIE ¥ o]

Eg o] ottt 183l conflict_bit_pointel R E EgE A Z3sk
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Reader
Tag#i(0011)
Tag#2(0010)
Tag#3(0110)

Reader
Tag#1(0011)
Tag#2(0010)
Tag#3(0110)

Reader
Tag#1(0011)
Tag#2(0010)
Tag#3(0110)

Reader
Tag#1(0011)
Tag#2(0010)
Tag#3(0110)

Reader
Tag#1(0011)
Tag#2(0010)
Tag#3(0110)

Reader

Tag#1(0011)
Tag#2(0010)

Tag#3(0110)

Reader
Tag#1(0011)
Tag#2(0010)
Tag#3(0110)

Reader

Tag#1{0011)
Tag#2(0010)
Tag#3(0110)

Transmitted signal

Collsion

Parameter setting

Tag state

L& Tree start signal

Y | |
!—r 0 I No collision |
!—p 0 I |
—s 0 | |
| S | |
| .| |
I I |
—_— 1 Collision
I I |
f—as0 | |
— | —
Neo collision
— % | |
| 1 , |Collision_bit_ positioner = 2
| I ¥ |Col lision_counter = 1
¥ & I |
1
[ | collision |
e /4 |
~cF/ N |
]—' 0 I |
| | _ | Cellision_bit_ positioner = 4
ks Collision_counter = 1

! » 0 _,J. |Identiﬁad
1 'l » Collision_counter =2
| | |
] New read cycle
| | |
| I |

| | Collision_counter =0
| 1 | Identified
| Collision_counter =1
l—. 1 | |

I |
| ) I * | Idenrified
I—" I Identified
I—P Collision_counter =1
I AIew read cycle
| I |
! l | Identified
| | | \dentified
I I

| Collision_counter=0

Tree Traversal
Tree Traversal

Tree Traversal

Tree Traversal
Tree Traversal

Tree Traversal

Tree Traversal
Tree Traversal

Traversal Mute

Tree Traversal
Tree Traversal

Traversal Mute

Traversal Mute
Silgulated Command Start

Traversal Mute

Tree Traversal
Silgulated Command Start
Traversal Mute

Silgulated Command Start
Silgulated Command Start

Traversal Mute

Silgulated Command Start
Silgulated Command Start

Tree Traversal

19 14. /A E EPC Class 0 &g =9 532 oA
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‘ Prefix_data = 0, J=0 ‘

Yes
¥

Tags — Reader : Jth bit transmit
Reader : Check the received the bit

e B
Yes

Yes Received bit=0
No
L ¥
Prefix_data = ( Prefix_data<<1)|0 Prefix_data = ( Prefix_data <<1}|1
Pre_bit=10 Pre_bit =1

o R

No*] Reader — Tags : Pre_bit transmit

!

Yes
y

Tags : Comparing the (J-1)th bit and
Identified tag = Prefix_data Pre_bit

Identified tag state = Singulated
Command Start

Id++

Accord : Retain the current state

Discord : state — Traversal_mute
conflict_bit_point = pre_length
conflict_count++

tag2l conflict_count=0

Yes
Yes
v
Pre_length = conflict_bit_point
State = Traversal_mute — Tree_traversal ;
— Prefix_data = conflict_bit_point
Prebit = Last bit of Prefix_data

J =Pre_length

a9 15. /A E EPC Class 0 €ag]5¢] 54 58%
2) WA= EPC Class 1 Gen 1 €18 &
2 =xollAe 71E9 Class 1 T=WA daglFolA =9 /IS =Ysth
PinglD "= ojo] tfdt el19] o] SHES HE& Zotsle], F&o] Ao}
22 Bing 4 d4sta, FE0] dojd Bine $Ho=E F41% SHELE

K

Ay

o



A= Blaste] dXete HEH S 2" AAsts Wolth shute] Bla1Es g
H3] €123 & thA] ‘VALUE=0, LEN=0'©2. 2 3&}o] PinglD W#olZ HUle A
o] ofg}l ¢4 ~®S HAlsle] AFHE dolErF glew o #& [VALUE]S
[LEN]el A3 % PinglD ®eHolS Bujx, 2" AZd deolgrt glod ot
Al ‘VALUE=0, LEN=0’°2.2 3}4 PinglD W&ol S R ot

<Reader Command> <Tag Response>
cMD PTR LEN  VALUE Set 000 001 010 o011 100 101 110 111
Reader PingID |oooooooa|oououooo| 0 up
Tag#1(001101000) L) |
Tag#2(011111010) | A J" |
Tag#3(014111110) | A |
| 1 |
TagiN(110100110) 0 |
cMD PTR LEN  VALUE Set |
Reader ScrolliD |onuuuouu|ooaouo11| 001 "p| [ Preamble | CRC | TagiD | L|
Tag#1(001101000) L} |
| omp PTR LEN  VALUE | |
Reader Quiet |uuuuuuuu|onuoum1| 001 |
Tag#1(001101000) | | = Asleep state :
| Comparing the 8-bit ] |
Reader | response from tags ] |
Tag#2{011111010) :::: '5;001:;1:3 011111
Tagi3(011111110) 1 |
| CMD PTR LEN VALUE 1 Sat |
Reader SerolllD |i}uuuuuuu|ﬂuuonu11| 110 ""l [Preamble | CRC | Tagi | L'
|
Tagéh(110100110) i [} |
CMD PTR LEN  VALUE |
Reader Quiet |oooouooo|anoooo11| 110 |
Tag#N(110100110) | T » Asleep state |
| l |
Reader Extract data in stack ‘011111’
| And added in VALUE I |
| l |
cMD PTR LEN  VALUE Set 000 001 010 o1t 100 101 110 111 |
Reader PingID |ouunuooo|onuooo11| 011111 “Pl | | | I | |
Tag#2{011111010) | ) ) |
Tag#3(011111110) | 4 L |
1 1

a9 16. /A" EPC Class 1 Gen 1 €a1g]59] 1 124 34 oA
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Value=0, Length=0

+

I Y

Reader — Tag : PinglD command

!

Reader : Bin Modulation
Tag : Response

:

Reader : Store 8-bit response

in the temporary memory

Response? Mo

Bin Check

¢. voss|

Ma
i 4

Reader : Bin response data add

on [VALUE]

+

Reader

» Tag : ScrolllD
command

3

Tag — Reader : ScrolllD Reply

3

CRC Check

—@-—

Yes
¥

| ++

Tag |dentification, Tag ID Save

Reader :

- Comparing the 8-bit response

- Store the value adding the
coinciding bit-string on [VALUE]

- Stored [WALUE] in the stack
~ |+

Stack Memory Check

s Data inStack?

Yes
¥

19 17. /A9 EPC Class 1 Gen 1 &ag)&9 %%

Reader : Add Data on [VALUE]

_23_

[ol
o
k1




<

a9 163 29 173 AXE EPC Class 1 Gen 1 &1E&e] vl 212 #4942
Eldl Aolth Class 1 Gen 1 oA Bl 142 glHf7F ‘VALUE=0, LEN=0'& X
et PinglD HHEolE 4D e dole ®jzrol Aoz Aztd.
PinglD W& oS A%3 & )= Bin Modulation #91S 3t 1 #4219
HEL 3} Bino]l dAét= 7} BinolA A4l IDF SHIEES SHOZ HAEi
oluf Zlti= ZF Binoll A9 H19 §HE= A wEZd A3t e A
Bin(000)FH wFA 2 Bin(111) 7HA] A& Bin AAME dth Z2EZ A
e BinolA Bl §Eo] JdoW 1 o]F¢ Binel talAE AuE shA &

= W, A dagFeld s dA MR E ARkl 2 Bindll Ao SHE A

pel

rr

497 wEel 870e] BinlAqe] Bl ¢Re AN & ATk 4 Bndld FE
SER ST

i ZE0] dojubA] ¥oW, u = Bin #& [VALUElY %%
% ScrolllD H#o& B 1o] BuUlA ®th [VALUE] ## A4ale] HIEHo] UX
d= Bl Ao dA IDE ScrolllD HEolo] tid $How e HujA
, g8 CRCAAZE sto 27 glo] A% =HAokd g Ad =5 A%

al
ot =] A, e SRS
E

HEG 71X "o A st 1g i o Hl1 =
HA Qs 8709 Bin HAMF B 3 e 28-S HAsar, "o A3
H dolgrt 9o 1 do]EHE [VALUE]Y &3 PinglD WEHo S ALt

3) 7/l % EPC Class 1 Gen2 ¢ilzl+&
7159 Class 1 Gen 2 T&WA dagFolM= Bl1o 7
of T&E ol Wol wAsAL, B2 F7t
A9 YuE Query_Adjust BEHo| S A S}
ZAgT B =EdAeE Q #hs 14 FHAA F1, o 5 FA s
=

o 9= Q #HE AFgStE 1913 Class 1 Gen 2914 =
=
Zol7] 95le] d=3 v g 2 Q e Alssdrh = So =3
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e
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1FTE 729

sttt

DIRE

s
=0
it
fite)
o
4
v
el

Ao

$AI B =M ASE Q-

%3

Class 1 Gen 29
et 29 elth Queryy Query_Adjust 8 E ool T

S
T

19 18

#le Abe]=7F NG),

oA =

ERFRCE = X

o

AJr

il

@A ol

K
A

p—

jang

Sslot’

o

= ]—/]_[28]

=
=

(binominal distribution)

(1

1714, q

N

dFP,@)

(2

Va2 &)

2

q

A
o
Mo

A

3

-
1

A A FEEA AF5E B

3)

X QZot = Sslot + KX Cslot

2qPq (i)

N

q

%fﬂaMXNmﬁ(

N

lim )

N*)OOq

(4)

2.39

qP, (i)

K=

2

ehe = ol

o
1=

et o
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o
1=

= o
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_25_



N(G+1)=Hx(KxC,,,)

H=1+ Ii( , Static frame ALOHA

: | (5)
H=1- N Dynamic frame ALOHA
Reader : Select command
Tag : Action
Reader : Query command Ready state
Tag : Random number generate
» 1=0, Frame_size
Tag in which slot counter is “0"
Yes RN16 Reply Reply state
No reply & Collision One tag reply
Arbitrate
state l
Reader : QueryRep Reader : ACK command Acknowedged
Tag : Slot counter-- (Echo RN16) state
I++ ¢
Valid RN16 Tag : Reply
7 [PC, EPC, CRC-16]
| < Frame_size +
. A No Reader : Error check
Q-Selection algorithm v Tag identificaation
Number of collision slots : C_Slot !
Estimate the number of tags:
E_Tag =2.39 * C_Slot
Set up the next round size : N_Slot = H* E_Tag
| N_Slot <= 24Q |
v
| Query / QueryAdjust |
v
Reader : QueryAdjust , Query
Tag : Random number generate
29 18. 7§ E EPC Class 1 Gen 2 &agl5e 385
[e] = = [e) =
Aol FAAAS A AWetd e 2o H IDE 4 Ee
INVENTORY #Adl A T4l 54 B85 Jd™ste Select BHE AF
gt et Zdqe #% AFE 2/sm, Boask Zagel HelsA s
Query WHolE A&t o] WHE F4% H1e A AElE Ready %
B2 A3, Query WHoledl TgE Q-sHeuleE ARgdte] (0~2'—1) ¥



oA Ao X EHMRNIOE AEsta o5 £X7IEHE 23t of 7] A
0 AEs 8152 Reply HH=Z HEH, AddH= FA gy #2219
RN16< &9 WAIAE dEeet 1 yreo] ‘0'e] ofd & A

i
N
RU S
(e
v

2 Arbitrate JEH 2 A& E 3 QueryAdjust =+ QueryRep ™ ® o]
ek 2 SE ol stubel "Hant §9 skithd, glt= 44138 RN16e 3
3t ACK WHols "lax dEdrk ACK WHoldl x3hd RN163 A2l
RN16°] d=|sl= Bl1E Acknowledge W EIZ 3= 3 [PC, EPC, CRCIE
gog g AE3n. wofF 2 FHFAC] FEoAY SEel flvd, dY=
QueryRep B @& A&star, o] HEE FAIg H1es A £X7HH #

al

, Al o] el ‘0?0 Bl Reply HHIE H3tEo 219

r
K]
M
)
o
k)
rlu
o

Bael ASE F48n, 52 A28 sl o3

;S AAst AAAAS Q S XSS E QueryAdjust HHEAE AEE] 99
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=
>
e
S,
o
R
ne
=
r ()

Al g oA 23

H =52 UHF 99 RFID 2 E#<2 ISO 18000-6 Type A/B, EPC Class

0, EPC Classl Gen 1, EPC Classl Gen 29 F&4Wx d1uz]&Fe] AeS /A
stal BAsAT SEWUA daugEe CUoE o] &ste] TEsNa, B HE
FE U ER M-S, B 5 Ha 107004 A 100070l sl Al & o)
AE FAstATh

1) ISO 18000-6 Type A<t Bl AlEd ol Az}

22000 {20
20000 —Hzooo ’/Ii
18000 ..o /i
16000 H 2
é 1 |1000 4—¢ //‘f
Q14000 | A
E = 7
= 4| s00 4 4
c 12000 4{ | &y '
E a 0
= 10000 4 . i "]
% | 0 50 100 150
S 8000
= ] <z ——16
= 6000 a -
g ] 27 e 32
— 4000 e a4 H
2000 Afg/{ —v--128] |
) ‘P;/ - 256
0
I . | " | y | , | p

I
0 200 400 600 800 1000
Number of tags

29 19. IS0 18000-6 Type A %% FE0A daefFe] 7] &% Fo ©he
e I E R
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O{N
05
Yy
ks
Kl
Ach
miN
1o,
B
N,
i
il
¥
2
=)
i

& 1. ISO 18000-6 Type A %+
% el Q1 Az

Z 2 A4 AZF (ms)
B g x7] €%
16 32 64 128 256
10 116.9 156.1 267.6 498.6 981.0
50 572.9 587.8 496.2 658.3 1069.4
100 1223.3 1135.1 1058.8 1025.2 1305.1
200 2468.7 2404.4 2262.0 2194.5 2146.2
300 3787.1 3612.6 3545.4 3381.7 3150.9
400 5032.9 4917.3 4189.4 4565.5 4256.5
500 6578.3 6247.1 6346.7 5864.7 5756.2
600 7928.2 7739.9 77235 7460.2 7200.2
700 10104.9 10086.3 9728.3 9673.2 9303.4
800 12711.3 12166.2 12619.5 12098.1 11632.9
900 16238.4 15419.3 15152.8 15085.9 14579.3
1000 20986.5 20223.3 20428.6 20007.6 19858.7

ISO 18000-6 Type A/Be] #AElo]™ S el 17 83 129 A7t #AHS
Agsto] Bl 14 AIZRS ALtsATE Type Al A4 271 €% FE AMEA
7F A 7] wEe B =RoAE &3 2 A4 5 Q& 8 16, 32,

o =

64, 128, 256 =7 &3 /N E AAste] B 1A ARREE AMtsth & 19

RS |
Type BollA 7fAE FE54WX %-L_T’_E]%% ¥ dagFHY €1 ‘ﬂ*—l Al ZFo]

Bl 4 10078 9 o 6.0%, Bl 4 10007} 9 i 6.6% FrAstdt.
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25000

Total recognition time (ms)

1| —=— TypeA_P(16)
--¢- TypeA_Im(16) s
20000 44, . TypeB P
{ |- TypeB_Im
15000
10000
5000
0
I T T T T T I

| | | |
0 200 400 600 800 1000

Number of tags

a9 20. ISO 18000-6 Type A/B T&WA daglFol F HL U4 Azt

# 2. ISO 18000-6 Type A/B T=%A &arg]Fe & B2 94 Azt

Z 82 A4 AT (ms)
B 4 z7] €% (16)
Type B ¥F Type B 71 A
Type A & Type A /WA
10 116.9 549 139.6 119.0
50 572.9 371.6 6838.6 642.9
100 1223.3 793.4 1363.5 12815
200 2468.7 1651.3 2773.0 2629.1
300 3787.1 2360.8 4155.0 3887.8
400 5032.9 3374.0 5508.5 5204.2
500 6578.3 4290.0 7070.7 6528.4
600 7928.2 5621.0 8422.9 7856.2
700 10104.9 7487.4 9755.8 9027.1
800 12711.3 9542.8 11207.6 10431.5
900 16238.4 12629.3 12628.9 11804.1
1000 20986.5 15877.5 14044.1 13111.3
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2) EPC Class 0, Class 1 Gen 1, Class 1 Gen 29| Al &E# o)A Ay}

¥ 32 Class 09 TE9H daglFolA H1 9 glg=z dAFs = Fi HE

75 YEd Aotk Class 09 TEWA dag a2 oxED] Wyoz s}
B gl Sl Aol ofFo] U F B ID A4S HE @R o] Fojxin

B9 AF FF HES
B g
Class 0 & Class 0 7§41
10 777
50 75.5
100 745
200 735
300 72.9
400 T
500 il T2
600 71.9
700 71.7
800 71.5
900 71.3
1000 71.1

Class 09] & A2 vi2g 24 AZHT,), LAl AR ol A

M Toe), Holy Agreold ATy, Bz ID 14 AT, E33I0.
B9 F AAAINTLS Fote A2 thad 2o
Tp=Ty+ Toct Tpct Tip 6)
= 8004116+ 38.5+ (12.5X Ty X Ty,)
o714, Tpe ®2et 2y P AFHE HE Folil, Ty, & & "1 Folth
Ty =EPC+ CRC + Last bit = 64+16+1=81 (7)
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o
iy
ol
>
e
=2
ik
i
=
o)
Ak
nj
N
=
u
fr
2
ofx
ot
ol
rlr
o
ol

AR A (®)3 (9)F ol g3te] el

¥ 4. EPC Class 1 Gen 1 WA dugFe & WaHo 49 [VALUE]Z =9 Zoj

Class 1 Gen 1 ¥F Class 1 Gen 1 7§ A
i Total Total

command VLP VLS command VLP VLS

10 37.0 1.41 5.10 24.8 3.50 6.90
50 223.0 52 7.38 121.2 6.08 9.06
100 482.8 3.07 8.48 242.4 6.94 10.03
200 1034.6 3.58 9.52 487.6 8.14 11.18
300 1611.0 3.87 10.11 729.4 8.83 11.77
400 2197.0 4.04 10.48 977.8 9.25 12.26
500 2807.6 421 10.85 1222.0 9.54 12.58
600 3424.0 4.27 11.12 1427.2 9.77 12.84
700 4011.0 451 11.40 1715.2 10.00 13.11
800 4676.0 454 11.54 1956.4 10.14 13.24
900 4322.4 4.64 11.73 2198.4 10.34 13.43
1000 5950.2 4.68 11.85 2437.2 10.45 13.52

CTotal:NP+NS+NQ:NP+2XNTags (8)

o714 Np, Ny, NoE Bl <14el F 23 PingID, ScrolllD, Quiet H#H o] ¢
o} wkeF PinglD " # o}, ScrolllD % # o], Quiet ¥Eo 1719 Hw [VALUE]Z
o)2 77t VLP, VLS, VLQ(=VLS) , 72t B3] /M3 A% Ake Ty, Ty,

Tpolebshd, B1e] 5 AN T,,& et 2ol ey & gk

Tpy =1.25T, + 64 s + 51T,y +[VLP]T, + 8T, + 64T, +2.5T,

Ty, =1.25T, + 64us + 51T, +[VLSIT, + 8T, +[tagbit]T, + 2.5T,

Ty =1.25Ty + 64 s + 51T, +[VLSITy +8T, +2.5T,

Trotar =NpTpi+ NgTg + NoTp, )
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— — > — i
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| | | | | |

12 21. EPC Class 1 Gen 29 713 ¥ ¥ =Elo|™
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400 262.5 289.5 372.8 240.7
500 342.2 3745 556.4 301.4
600 415.6 463.0 524.4 364.1
700 491.2 D18/ .2 637.8 436.7
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900 542.7 692.6 997.4 B557.7
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12
F Class 0 || Class 0 ||Class]l Genl|Classl Genl|Classl Gen2|Classl Gen2

xF 7H A xF 7H x2F A
10 11.1 10.7 6.9 39.5 55 5.6
50 51.6 48.1 386.4 195.8 28.8 31.4
100 102.2 94.0 8348.3 394.9 61.7 56.8
200 203.5 184.7 1839.1 803.4 1294 121.3
300 304.7 274.4 2881.5 1207.4 197.1 175.8
400 406.0 363.3 3943.9 1627.1 262.5 240.7
500 507.2 452.0 5057.7 2038.8 342.2 301.4
600 608.5 540.2 6181.8 2459.5 415.6 364.1
700 709.7 628.1 7316.2 2875.8 491.2 436.7
800 811.0 715.6 8477.5 3182.6 579.9 514.1
900 912.2 802.6 9666.9 3693.8 542.7 557.7
1000 | 10135 890.0 10817.2 4096.5 722.2 637.5
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38 24 EF A a8 FY F B A Az
¥ 8 BT TEHA ¢ugFY F HI A4 AT
ZF #2224 AT (ms)
2 A
Type A Type B Class 0 (Classl Genl|Classl Gen2
10 116.9 139.6 11.1 91.6 55
50 5729 638.6 51.6 386.4 28.8
100 1223.3 1363.5 102.2 848.3 61.7
200 2468.7 2773.0 203.5 1839.1 129.4
300 3787.1 4155.0 304.7 2881.5 197.1
400 5032.9 5508.5 406.0 3943.9 262.5
500 6578.3 7070.7 507.2 5057.7 342.2
600 7928.2 8422.9 608.5 6181.8 4156
700 10104.9 9755.8 709.7 7316.2 491.2
800 12711.3 11207.6 811.0 4775 579.9
900 16238.4 126289 912.2 9666.9 642.7
1000 20986.5 14044.1 1013.5 10817.2 722.2
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