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ABTS Protocol for RFID Tags Anti-collision Under Capture Effect

WU Hai-Feng1 ZENG Yu1 LING Yong-Fa1

Abstract In passive radio frequency identification (RFID) systems, capture effect will make a tag′s signal decoded even

when multiple tags simultaneously transmit their signals to a reader. Besides, capture effect will make the reader miss

some tags. In this paper, we propose a novel tag anti-collision protocol for capture effect to avoid missing tags and

further enhance the efficiency of identification. The proposed protocol adopts an adaptive and allocation technique. The

advantage of the adopted techniques is to reasonably allocate slots to hidden tags by capture effect and collided tags,

reduce collision between the tags and thus enhance the identification efficiency. Computer simulation results show that

the proposed protocol′s efficiency outperforms other existing protocols under a capture effect environment.
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���&�, ÏdI\ÀâØ�;�[2] , Ï~�Öìæ^�ÀâÆÆ5)ûI\mÀâ[3] , ¤±I\��ÀâÆÆ3Ôé�¥å�
­��^.3�Äª RFID XÚ¥, ü�±þ�I\Ó�u�&Ò¿Ø7,��Àâ. 3�Öì�^|��S, I\ål�Öì� �k�kC, Ïd, u��&ÒǑkrf�O, 
Ó¼�A��&Ò�r�I\��Öì£O, 
&Ò�f�I\ò�Ó¼�A¤Ûõ[4]. duNõDÚ��ÀâÆÆ[3, 5−18] þb�Ó¼�AØ�3, 
Ó¼�ATT3 RFID XÚ¥q´��ÊHy�, ÏdCA
, XÛ3Ó¼�Ae)ûI\Àâ¯K���5�õ�'5.XÛ3Ó¼�Ae£OI\, y�õ«)û�{[4, 19−21], ,
du±e�Ï, ù
�{�£O�Ç¿Øp. Äk, �Ó¼�A¤Ûõ�I\I��e��£OÌ�¥UYÀJ�Y�£O, 
�£O�I\Ǒ��e��Ì�¥ÀJ�Y, Ïd, Ó¼�Ae�£O�ÇØ=��£OI\, Ǒ�ÛõI\XÛÀJ�Y�'. ¢��´, y��{¿vkÜn/ò�Y©��ùüaI\, ��§��m�ÀâOõ. Ùg´v����¯K, =����£OÌ���Yê. 3�Äª RFID I\�ÀâÆÆ¥, Ä



3Ï Ç°¹�: Ó¼�Ae RFIDI\� ABTS�ÀâÆÆ 507�v�Y ALOHA aÆÆA^�~2�[5−11, 20−23].TÆÆ�Ä�g�´zv��ÝÄ�Cz, Ù��uzv¥�£O�I\ê[6−9] , ±��£O�ÇU���`�. ,
, �Ó¼�Au)�, ù��^�¿ØU�£O�Ç���`, ÏǑd��£O�ÇØ=�I\ê�', ��Ó¼�A�VÇ�'[24] , 
Ó¼�A�VÇ%J±¼�, §�£O�¸k', ~XI\��C±9u�&Ò�rf[25] .�©ò·�k
�ó� — g·A BTSA (Bi-

nary tree slotted aloha, BTSA) ÆÆ[17] *��Ó¼�A��¸e, JÑ�«#�g·A BTSA ÆÆ
(Adaptive binary tree slotted aloha, ABTSA). TÆÆÄkæ^ EPC C1 Gen2 IO¥� RN16 S�[21] 5uÿÛõI\, ,�, æ^�«©�üÑ5~�ÛõI\ÚÙ��£OI\m�Àâ, ��, 2|^�«g·AEâN�v�, ±¼�Ó¼�Ae�p�£O�Ç. �©��z3u: 1) ò�k�ó�*��Ó¼�A�¸e, JÑ
�«#��ÀâÆÆ, TÆÆ`uy��Ù�ÆÆ. 2) JÑ
�«3Ó¼�Ae�©�üÑ, §�~�ÛõI\ÚÙ��£OI\�Àâ, l
Jp£O�Ç.

1 Ó¼�A¯KéuÓ¼�A, ��kü�¯K���Ä. 1��´XÛuÿ�Ó¼�AÛõ�I\. 3��u)Ó¼�A��Y¥�k��I\U
�£O, 
DÚ��ÀâÆÆ�Ǒ§´�Ö�Y, Ïd, ¬�ÖÙ�[4]. ǑuÿÛõI\, �Öìò)è�I\ ID �£�T�Y�¤kI\, ,�, I\r�£� ID ÚgC� ID ?1'�, ����I\Ǒ�£OI\,
Ø���K´ÛõI\. du©z [4, 23] ^T�{k�/)û
ÛõI\�uÿ, Ïd, �©Ø2?1Lõ?Ø.,	��¯K´Ó¼�Ae�£O�Ç. £O�Ç½ÂǑ¤õ£O��Yê�o��Yê'�,���Àâ�Yêò���p��Ç. du±e�Ï, k�Ó¼�Ae�£O�Ç¬k¤ØÓ. 1) Ó¼�A��kb½ǑÀâ��YCǑ¤õ�Y, Ïd£O�Ç��
Jp; 2) �Ó¼�AÛõ�I\¬�Ù��£OI\Àâ. duÛõI\��UY�e��£OÌ�¥ÀJ�Y, �Ù��£O�I\ǑÀJ
Ó���Y, üö�m�ÀâØ�;�, Ïd, Ün©��Y�ùüaI\òkÏu~�Àâ�Y!Jp£O�Ç.

2 �'ó�
GBT (General binary tree) ÆÆ[4] ´�éÓ¼�A
JÑ��«�?�ä (Binary tree, BT)

aÆÆ[11], TÆÆ)û
DÚ BT aÆÆ�{uÿÛõI\�¯K, l
��
ÛõI\��Ö. ,
3 GBT ÆÆ¥, ¤kÛõI\3e�Ì�¥Ñ´ÀJÓ���Y, Xã 1, �ÛõI\êþ'���,Àâ�YêǑ¬O\.

ã 1 GBT �I\£O«¿ã
Fig. 1 Tag identification in GBT with capture effect

Q �{[21] ´ EPC C1 Gen2 IO¥��Àâ�{, 3T�{¥v�¬gÄN�±�y��Ün�, e�
vÑy
Lõ�Àâ�Y, �Öì¬J
(åTv, 
­#mé�����v; ��, eÑyLõ���Y, ¬mé���á�v. �´, �Ó¼�Au)�, Q �{r�
v¥�ÛõI\ÚÀâI\�Ü��e��v¥UY£O, Xã 2 ¤«, ù�UE¤ùüö3e��v¥�)Àâ, Ïd, Q �{�£O�ÇǑØU���`�.

ã 2 Q �{�I\£O«¿ã
Fig. 2 Tag identification in Q algorithm with

capture effect�` Q �{[19] b½I\ê´®��, ,�, 4v��uI\ê, ùU�y�Ó¼�Ae�£O�ÇU��`. ,
, �Ó¼�Au)�, �`�Ç%�{���y, ÏǑd��v�Ø=�I\ê��Ó¼�Au)�VÇ�'[24] .·�Q3©z [17] ¥JÑ�«I\�ÀâÆÆ
— g·A BTSA ÆÆ, TÆÆ�`:3u, �II\�O, 
�Ù£O�ÇØ¬ÉI\êCz�KǑ.,
, Ó�õê®�3�ÆÆ��, g·A BTSAÆÆvk�ÄÓ¼�A, §¬�)I\�Ö. L 1 �Ñ
£OÇ, ½ÂǑ

R =
nread

n
× 100% (1)



508 g Ä z Æ � 40òÙ¥, n Ǒ�£O�I\ê, nread ´�£O�I\ê. lL 1 �±w�, �XÓ¼�A�VÇO�,�Ö�I\êǑ3O�. duù���Ï, g·A
BTSA ÆÆJ±^�¢Só§¥, ~X3û|�(�?, XJkû¬�I\��Ö, �o��ÒØI�Ga	ïù
û¬, �oû[ò�É��.L 1 ·A� BTSA ÆÆI\£OÇ

Table 1 Identification rate of adaptive BTSAu)VÇ 0 0.2 0.4 0.6 0.8 1.0£OÇ (%) 100 75 53 38 17 33�©¥, ·�rg·A BTSA *��Ó¼�A�¸e, JÑ
 ABTS ÆÆ. ABTS ÆÆ�±k�uÿÛõI\, ��I\�Ö, 
� ABTS ÆÆǑ?�ÚJp�Ç, �)û
XÛÜn/r�Y©��ÛõI\ÚÙ��£OI\�¯K.

3 ÆÆ�O
3.1 Ó¼�Ae� RN16S��ÆÆÄk|^ RN16 S��)ûÓ¼�Ae�I\Àâ¯K, RN16 S�[21] 
u EPC C1

Gen2, TIOé RN16 �
�[5½, §dI\�Å�),Ù �Aáu IDS�,~X IDS� �Ǒ
96 bit,�Å�)�RN16�À 16 bit. ã 3�Ñ
æ^ RN16 Ú�æ^ RN16 ��Oé'ã, £Om©�, I\kux�á� RN16: 1) eu)Àâ, KØ^��� ID S�±;����Àâ�m; 2) e&��s, �Öì�I���á� RN16 �ux�mÒ�;����&��s�m; 3)e¤õ, �Öìu£¤õ�Â�� RN16 Ú(� (Acknowledgement,

ACK) v, ,�, I\2uxÙ� ID S�±ø£O,d�E,�uI\����Öìux� ID S��,�Öì2�£(�v�Ï&�m.|^ RN16, ABTS �±¤õ/uÿÛõI\.�õ�I\Ó���Öìux RN16 �, Ó¼�A�±4�Öì¤õ/)èÑÙ¥��I\� RN16.�âþ©��¹ 3), �Öìr)è� RN16 �£�I\, ��Ûõ�I\ò¬uyÙg�ux� RN16��£� RN16 Ø��, l
�uÿÑ. 3 GBT ÆÆ¥, �Öì^�£� ID S�, 
Ø´ RN16 5uÿÛõI\, Xã 3 (a). du RN16 � �áu ID,Ïd, æ^ RN16 S���{ò¬s¤�á�Ï&�m.

3.2 Ó¼�Ae�©�üÑ
ABTS �©�üÑ�)üÜ©, ©O´ÛõI\�©�ÚÀâI\�©�. ÓDÚ�v�Y

ALOHA ÆÆ��, ABTS rI\�£OL§©Ǒ

eZ�v, I\�ÅÀJ��v¥�,��Y��Öìux RN16 S�. 3ÛõI\�©�¥, e��I\�Ó¼�A¤Ûõ, �o�Öìò4ù�I\?\�e��v¥2�£O, 
Ø´�
v¥�e��Y, ùÒ;�
ÛõI\Ø¬3�
v¥�Ù��£OI\2gu)Àâ. 3ÀâI\�©�¥, ��Àâ�), ÀâI\òá=?1 BT ©),Ïd�©)�I\òØ¬?\�e��v¥�ÛõI\u)Àâ.

ã 3 æ^ RN16 Ú�æ^ RN16 ��Oé'ã
Fig. 3 Comparison between a method of RN16 and

no RN16ã 4 �Ñ
��©�üÑ�~f, 31 i v¥,
A!B!C Ú D ©OÀJ�YuxÙ RN16 S�, d� A Ú B � RN16 u)Àâ, Ká=?1�?�ä©), 
 D ǑÛõI\, ò?\�1 i+1 �v¥.du A Ú B Ø¬?\1 i+1 �v, Ïd, D ǑØ�U� A!B u)Àâ.

3.3 g·A�Y�O
ABTS �g·A�Y�O�)N�v��g·A�{ÚI\½ �g·A�{. N�v��g·A�{æ^Å��Y��ªN�v�, ��v���£O�I\ê©ª�±�½�'~'X, ±d�y�p�XÚ�Ç, 
I\½ �g·A�{4I\g1ÀJ�Y, ±;�&��Àâ��s. yéùü��{©ãXe:
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ã 4 Ó¼�Ae�©�üÑ«~
Fig. 4 An example of allocation strategy for

capture effect

1) v�N��g·A�{. N�v��g·A�{Äu Q �{, ���v¥ÑyLõ�Àâ�Y�, �ÖìJ
(åTv, ux��#���v; ���v¥ÑyLõ��s�Y�, �ÖìǑJ
(åTv, ux��#��áv. e��v�Ǒ L = 2Q, 31 k ��Y� Q = Round(Qfp(k))
(Qfp ´ Q ��ê�, = Q �² Qfp o�Ê\��), �Tg·A�{�L«Ǒ

Qfp(k + 1) = Qfp(k) + cg(k) (2)Ù¥, Ú� 0.1 ≤ c ≤ 0.5, � Q ���, c ���,

Q ���, c ���,

g(k) =











1, e slotk = C

−1, e slotk = I

0, e slotk = S

(3)Ù¥, C, I Ú S ©O�L1 k ��Y slotk �G�ǑÀâ!�sÚ¤õ. �Öì�â Round(Qfp(k))´Ä�u Q 5û½´Ä­#m©��v, ��
Round(Qfp(k)) Ø�u Q, �o�ÖìÒ­#m©��v, 
Tv�d#� Q �¤(½.

ABTS �g·A�{� Q �{��ØÓ�?3u, i\
1 3.2 !¥��?�ä©�üÑ, �
Round(Qfp(k)) = Q �, Àâ�I\æ^�?�ä?1Àâ©), ��Àâ�I\©)�¤�2?1e���Y�I\£O.

2) I\½ �g·A�{. ABTS ÆÆ�I\½ &EÏLg·A�{¼�, T½ &EÙ¢Ò´I\¥ÀJÛ�Y��Öìux ID. I\½ �g·A�{|^ RN16 ¢y, I\k��Öìux
RN16, 3�Öìà RN16 òu)Àâ!¤õÚ�ùn«�¹, ,�, �Öì2rù��¹�"�I\,I\�â�"&Edg·A�{¼�½ &E. I\�½ &E��3I\�Oêì¥, I\�Oêì�©�Ǒ 0 �v� L − 1 �m���ê, �I\

�Oêì�CzǑ 0 �, I\ÒuxÙ RN16, �Oêì��u 0 �, OêìòØ2ó�. b½,�I\31 k ��Y�Oêì�Ǒ Counter(k), �Tg·A�{�L«Ǒ
Counter(k + 1) = Counter(k) + c′g′(k) (4)Ù¥, Ú� c′ = 1, g′(k) ���5½Ǒ, �

Counter(k) > 0 �,

g′(k) =

{

1, e slotk = C

−1, e slotk = I ½ S
(5)� Count(k) = 0 �,

g′(k) =

{

0½ 1 e slotk = C

−1, e slotk = S
(6)�ØI\�©G��Oêì�ǑÛ�, ²ª

(4)∼ (6) �O�, z�I\Ñ¬�ª½ ����Y, 3ù��Y¥òØ¬u)Àâ. L 2 �Ñ
I\½ �g·A�{���~f, b½kn�I\ A!B Ú C, Ù�©Oêì�Ǒ 1, 1 Ú 3, ²ª
(4)∼ (6) �g·A�{�, C!B Ú A ò©O½ ��Y 2!3 Ú 5 ��£O.L 2 ·A� BTSA ÆÆI\£OÇ

Table 2 Identification rate of adaptive BTSA�Y I\: counter � �Ya.
k = 0 A: 1 B: 1 C: 3 �
k = 1 A: 0 B: 0 C: 2 Àâ
k = 2 A: 1 B: 0 C: 3 ¤õ
k = 3 A: 0 B: / C: 2 ¤õ
k = 4 A: / B: / C: 1 �
k = 5 A: / B: / C: 0 ¤õ

“/” �LI\�OêìØ2ó�
4 ÆÆ£ã
4.1 ÆÆVã

ABTS ÆÆ��O�â RN16!Ó¼�A�©�üÑÚg·A�Y?1�O. 3 ABTS ÆÆ¥,I\kÀJ�Yux RN16, ,�, �ÖìÏL�Â�� RN16 g·A/N�v�, 
I\ÏLg·A�{éÙOêì�?1$�±�¤I\��Y½ ,½ �¤�, I\3½ ��Y¥uxÙ ID S�.Ó�, ��ÆÆ�rÓ¼�Ae�©�üÑi\Ù¥.
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4.2 �ÖìÚI\ö���ÆÆd�Öìö�ÚI\ö�üÜ©�¤,e¡©O�Ñ
�ÖìÚI\�ö���è. �Öì�ö�Ì�d¼ê ABTS() ¤�¤. ��v�v��Ǒ 2Q, �©� Q = Q0. 3 ABTS() ¼ê¥, k���YOêì SC, SC 3vm©���Ǒ 0, ±�z²L���YÒg\ 1, � SC �L��v�v��, �Öìò(åTv. 3z��vm©�, �Öì¬ux���k 2Q � Query ·-, bX�Öì�J
(å���
v
m©��#v, �Öì2ux���k#� 2Q � Query ·-.

ABTS ÆÆö���è�Öìö�
1 Q = Q0

2 ABTS(Q)

3 function ABTS(Q)

4 SC = 0, Qfp = Q and broadcast Query with

2Q

5 //Query command originating from EPC

initiates a new frame

6 do{Receive tag response

7 if RN16 collision, Qfp = min(Qfp+C, l5)

8 if Round(Qfp)! = Q, break; else

transmit QueryBT and BT()

9 //QeuryBT command instructs tags to be re

solved by BT

10 elseif no tag response, Qfp =

max(Qfp − C, 0)

11 if Round(Qfp)! = Q, break; else

transmit QueryRep

12 //QueryRep command originating from EPC

instructs tags to

13 //decrement their counters

14 elseif RN16 decoded, transmit ACK

with RN16

15 if received ID, store ID and trans

mit QuervRep

16 SC = SC + 1} while SC < 2Q

17 if number of idle slots = 2Q, return; else

ABTS (Round(Qfp))

18 function BT()

19 B = 2

20 do {Receive tag response and detect a colli-

sion

21 if RN16 collision, transmit QuervBT and

B = B + 1

22 elseif no tag response, transmit QueryRep

and B = B − 1

23 elseif RN16 decoded, transmit ACK with

RNl6, B = B − 1

24 if received ID, store ID and transmit

QuervRep

25 } while B > 0

I\ö�
1 Receive Reader′s Query with 2Q and

TagQIdentify(2Q)

2 function TagQIdentify (2Q)

3 Counter = a random number from 0 to

2Q − 1

4 while Counter >= 0

5 do {if Counter=0, transmit RN16

6 if receive Query with 2Q, break

7 elseif receive ACK with RN16

from reader

8 if received RN16=tag′s

own RN16,

9 Counter = Counter−

1 and transmit ID

10 else wait until reader′s

Query with 2Q, break

11 elseif receive QueryBT from

reader

12 Counter = Counter+ a

random number 0 or 1

13 elseif Counter! = 0

14 if receive Query with 2Q, break

15 elseif receive QueryBT from

reader

16 Counter = Counter + l

17 elseif receive QueryRep form

reader

18 Counter = Counter − 1}

19 if Counter < 0 return; else

TagQIdentify(2Q)�Öì�â�Â�� RN16 ��¹���
�Y´ÄǑ�!�ÖÚÀâ, ,�, âdN�v�. v��N�ÏLN� Qfp ��, äNO�dª (1) Ú
(2) (½. �ØÛ��� Round(Qfp) Ø�u Q, �ÖìòJ
ª�Tv. XJ Round(Qfp) = Q, �ÖìòuxØÓ�·-�"�I\�
�YǑÛ�Y: 1) bX´��Y, ux QueryRep, L«m©e���Y; 2) bX´¤õ�Y, ux�k RN16 �
ACK, 3¤õ�Â���I\� ID �, 2ux��
QueryRep 5L«e���Ym©; 3) bX´Àâ�Y, ux QueryBT, L«ÀâI\á=?\�?�ä©). �Öìæ^ BT() ¼ê5�1 BT ©).Äk, 4�Cþ B ��©�Ǒ 2, e�
�YǑÀâ�Y, B = B + 1, eǑ�Àâ�Y, B = B − 1. �
B = 0 �, �Öìò(å�
��?�ä©).,	, ���v(å�, ¿���Yê�uù�v�v�ê, �o��£O(å; ÄK, ò?\e�� ABTS �Ì�.I\ö�d TagQIdentify() ¼ê5�1. 3
TagQIdentify() ¼ê¥, I\k�Oêì Counter,Ù���I\�½ &E, I\��© Counter ò



3Ï Ç°¹�: Ó¼�Ae RFIDI\� ABTS�ÀâÆÆ 511l 0 �v� 2Q �m�ÅÀJ���.bXI\� Counter ÀJ 0, �â�Öìux�·-�©Ǒn«ö�: 1) e�Â��´�k 2Q� Query ·-, I\ò?\e��v¥, �
vòJ
(å; 2) eÂ��´�k RN16 � ACK ·-,I\ò�äT RN16 ´Ä�g����, XJ��,TI\òux ID, ,�, ÙOêìg~ 1, ¿�3�¡�v¥þØ2ó�; ÄK, TI\Ǒ�Ó¼�AÛõ�I\, ò?\e�v¥£O; 3) eÂ��´ QueryBT ·-, I\ò?1�?�©), d��
Counter ò\þ���Å�?�ê 0 ½ 1.bXI\��© Counter ØÀJ 0, I\�ö�Ǒ©Ǒ�«: 1) e�Â��´�k 2Q � Query·-, I\ò?\e��v¥, �
vòJ
(å;

2) eÂ��´ QueryBT ·-, I\� Counteròg\ 1; 3) eÂ��´ QueryRep ·-, I\�
Counter òg~ 1.

4.3 ÆÆÞ~ã 5 �Ñ
 ABTS ÆÆ£OI\ A!B!C Ú
D�~f, Ù¥Ú� c = 0.5, Q0 = 2.0. ·�b½I\ A!B!C Ú D � Counter ©OǑ 1!1!3 Ú 3,�o31��v�1���Y, I\ A Ú B Àâ,du Round(Qfp) = Q, Ïd, Àâ�I\á=?1�?�ä©), 
3©)¥, A Ú B qÓ�ÀJ���Y, �´u)Ó¼�A, Ïd, A � RN16 �¤õ�Â, 
I\ B Ǒ�ÛõI\, ÙOêì?u��G���mé��#v. 31�v¥�����YǑu)Ó¼�A, C � RN16 �¤õ�Â. 31�v�1���YǑ�, d� Round(Qfp) 6= Q, Ïd, Tv��{�Y�ª�. 31nv¥, Q d 2.0CǑ 1.0, B Ú D � RN16 �¤õ�Â. 31 4 v¥, ¤k�YǑ�, L²I\£O(å. L 3 �Ñ
T~f¥I\ Counter Cz�L§.

ã 5 ��±ÏS ABTS ÆÆ£OI\«~
Fig. 5 An example of ABTS protocol identifying tags

in a cycle

5 5U©Û3�!¥, ·�©Û ABTS ÆÆ¥£OI\¤

s¤��Yê. - T Ǒ�Öì3��£O±ÏS£O¤kI\¤s¤��YêÚ, �oT�YêAǑu)Àâ!�Ú¤õ��Yê!Ú�Ú, =
T = TC + TI + TS (7)du��Öì£OI\�, 3�u)Úu)Ó¼�Ae¤s¤��YêØ�Ó, Ïd, ·�òéùü«�¹e¤s¤��Yê©O?1©Û.L 3 ·A� BTSA ÆÆI\£OÇ

Table 3 Identification rate of adaptive BTSAv Q �Y Qfp

Counter �"
A B C D

1 1.5 1 1 3 3 �
2 2.0 0 0 2 2 Àâ
3 2.0 0 0 3 3 Àâ

1 2.0
4 2.0 0 * 4 4 ¤õ
5 2.0 / * 3 3 �
6 2.0 / * 2 2 �
7 1.5 / * 1 1 �
8 1.5 / * 0 * ¤õ

2 2.0
1 1.0 / 1 / 3 �

3 1.0
1 1.0 / 0 / 1 ¤õ
2 1.0 / / / 0 ¤õ
1 0.5 / / / / �

4 1.0 2 0 / / / / �
3 0 / / / / �

“*” �LTI\ǑÛõI\, ÙOêìØó����
v(å, “/” �LI\®�£O, ÙOêìØó�
5.1 �Ó¼�A�£O�Yêe3v�Y ALOHA ¥k n �I\3��v�Ǒ L �v¥�ÅÀJ�Y, �ok r �I\ÀJÓ��Y��ê�êÆÏ"�L«Ǒ

E(L, n, r) = L

(

n

r

)

(

1

L

)r(

1 −
1

L

)n−r

(8)d�, 3v�Y Aloha ¥i\�?�ä©)üÑ¤s¤�o�Yê�L«Ǒ
TBTA(L, n) = L +

n
∑

r=2

E(L, n, r)TBT (r) (9)Ù¥, TBT (r) L«^�?�ä�{£O r �I\¤s¤�o�Yê, L«Ǒ
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TBT (n) =


















4, n = 2

2 +
n−1
∑

r=2

(

n

r

)

0.5n−1TBT (r)

1 − 0.5n−1 , n > 2

(10)3 ABTS ÆÆ¥, duv�Å��YÄ�N�, �Àâ�Y½��YLõ�¬J
(å��v, Ïdv�¿Ø´�½�, b½^²þv� LAv �O, �o ABTS ÆÆ¤s¤�o�Yê�CqL«Ǒ
TBTA(LAv, n) ≈ LAv +

n
∑

r=2

E(LAv, n, r)TBT (r)

(11)d©z [12] ��, �v� LAv �£OI\ê n ���, �Yê� TBTA(L, n) �, d�, ¤s¤��YêǑ�`. du
E(LAv, n, r)|

LAv=n,LAv→+∞
=

LAv

r!e
(12)Ïd, ABTS ÆÆ£O n �I\¤s¤��`�YêǑ

TABTA(LAv, n)|
LAv=n,LAv→+∞

≈ LAv + LAv×

n
∑

r=2

TBT (r)

r!e
≈ 2 (13)

5.2 Ó¼�Ae�£O�Yê·�k5í�3Ó¼�Au)�VÇǑ p e,æ^�?�ä£O n �I\¤s¤��Yê. �
n = 2, k:

T ′

BT (2) = 2 + (1 − p)E(2, 2, 2)T ′

BT (2) (14)rª (8) �\ª (14), ��:

T ′

BT (n) =
4

1 + p
, n = 2 (15)� n > 2 �, k:

T ′

BT (n) = 2 + (1 − p)E(2, n, n)T ′

BT (n) + (1 − p)×

n−1
∑

r=2

E(2, n, r)T ′

BT (n) (16)

rª (8) �\ª (16), ��:

T ′

BT (n) =

2 + (1 − p)
n−1
∑

r=2

(

n

r

)

0.5n−1T ′

BT (r)

1 − (1 − p)0.5n−1 ,

n > 2

(17)dª (15) Ú (17) ��, æ^�?�äs¤��Yê�^S��{��. Ó�, er²þv� LAv �O
L, 3Ó¼�Au)�VÇǑ P e, ABTS ÆÆ£O
n �I\¤s¤��YêǑ

T ′

ABTA(LAv, n) ≈

LAv + (1 − p)

n
∑

r=2

E(LAv, n, r)T ′

BT (r) (18)ª (18) L«�==´, ABTS ÆÆ£O��Ó¼�AÛõ�I\¤s¤��Yê, 
�ò¤kI\£O�, �I�éÛõ�I\2g£O, d�¤s¤��Yê�Ó�^ª (18) ?1O�.

6 O�Å�ý(J
6.1 �ýXÚ���Ü©^O�Å�ý�¢�(J�y�©JÑ� ABTS ÆÆ, 3�ý¢�¥, ·��Ä���Öì£Oõ�I\��¹, ¿�·�b½3£OL§¥I\Ø¬lm�Öì�^|��, ǑØ¬k#�I\?\�Öì^|. Ǒ
µdI\£O�5U, ·��Ä±e�I:

1) o�Yê: *ÿ3��£O±ÏS, �Öì¤õ£O�¤kI\¤s¤��Yê, ����Yêò���á�£O�m.

2) £O�Ç: *ÿ3��£O±ÏS�£O�Ç, §½ÂǑ��±ÏS¤õ�Yê�o��Yê�'�, �����YêÚÀâ�Yêò���p�£O�Ç.3�ý¥, ·�éz�¢�­E�1 500 g, ���¢�(JǑ 500 g(J�²þ�. ·�r¤k�ý¢�©¤üÜ©, 1 6.1 !·�r ABTS ÆÆ�Q�{!GBT ÆÆÚ Optimal Q�{?1é',ù
ÆÆ�ëêXe:

1) Q �{: �â EPC C1 Gen2[21] �IO, Q��©� Q0 � 4.0, Ú� 0.1 ≤ c ≤ 0.5. Ïd, Ú� c æ^±e�{À�: e 0 ≤ Q ≤ 2, c = 0.5; e
Q ≥ 10, c = 0.1; ÄK, c = 1/Q.

2) GBT ÆÆ: �©�, ¤kI\�OêìþǑ
0. �Ó¼�AÛõ�I\ò?\e���?�äÌ



3Ï Ç°¹�: Ó¼�Ae RFIDI\� ABTS�ÀâÆÆ 513�[4], Ù¥, ���?�äÌ�½ÂǑ3ù�Ì�¥¤kÀâ�Yþ�©)Ǒ�Ö�Y½��Y.

3) Optimal Q �{: Q0 � 4.0, ù�þ¡� Q�{¥ëê�ÀJ��. b½1 n �v��I\ê
Tn ®�, �od©z [19] ��, 1 n �v�� QnǑ ⌊log2Tn⌋.

4) ABTS ÆÆ: Q0 Ó�� 4.0, ù�þ¡� Q�{Ú Optimal Q �{¥ëê�ÀJ��. ¿�Ú� c À���{Ǒ�þ¡� Q �{��, =, e
0 ≤ Q ≤ 2, c = 0.5; e Q ≥ 10, c = 0.1; ÄK,

c = 1/Q.31 6.2 !¥, ·�ò�ÑØÓ p Ú Q0 e
ABTS ÆÆ�£O5U, T�ý�8�´�« p Ú
Q0 XÛKǑ ABTS ÆÆ�5U.

6.2 Óy�ÆÆ�'�3�!¥, ·�r ABTS ÆÆ�y�ÆÆ?1'�. ã 6 �Ñ
�Ó¼�Au)�VÇl 0 Cz� 0.6 �m!I\ê N = 500 �, ABTS ÆÆ!Q�{!GBT ±9 Optimal Q �{�£O�Ç. lã
6 ¥�±w�, �©� ABTS ÆÆ��Ç­�3Ù{A«ÆÆ­��þ�. ù�(JL², �Ó¼�Au)VÇ3 0∼ 0.6 �m�, ABTS ÆÆ�£O�Ç�puy��ùA«ÆÆ, Ù�Ï3u: 1) ABTSÆÆ#N4Ûõ�I\3e��v¥�ÅÀJ�Y,��, GBT ÆÆ%�U4¤kÛõI\ÀJÓ���Y, ù��
Lõ�Àâ; 2) ABTS ÆÆ¥�I\��u)Àâòá=?1�?�ä©), 
 Q�{Ú Optimal Q �{%4ÛõI\ÚÀâ�I\þ?\e���Y, ùǑ¬�)Lõ�I\Àâ;

3) ABTS ÆÆæ^g·AEâ5¼���Ün�v�, 
 Optimal Q �{4v��uI\ê, ù3Ó¼�A^�e¿Ø´�`v�.

ã 6 �ý(J: £O�Ç, 0.1 ≤ p ≤ 0.6, N = 500

Fig. 6 Simulation results: identification efficiency,

0 ≤ p ≤ 0.6, N = 500

�,lã 6 ¥, ·���±w�, �X p �O�, ABTS Ú GBT �må3Åì~�, � p = 0.6,ù�måò~�� 0. �±ý�, �X p > 0.6, GBT�£O�Çò�L ABTS. ,
, p > 0.6 ¿�X,zü�b½Àâ��Yò�)��Ó¼�A��Y,ù«�¹¿Ø~�[19] , Ïd, �©vk�Ä p > 0.6��/. ã 7 ��Ñ
±þÆÆ3Ó¼�Au)�VÇl 0.1 Cz� 0.6 �m!I\ê N = 500 ��£Oo�Yê, l¥�±w�, ABTS ÆÆ¤s¤��Yê�uÙ{�ÆÆ, ù�(J�ã 6 Ǒ��, =�p�£O�Çòs¤����Yê, 
����Yêò�5���£O�m.

ã 7 �ý(J: £O�Yê, 0.1 ≤ p ≤ 0.6, N = 500

Fig. 7 Simulation results: the number of slots,

0 ≤ p ≤ 0.6, N = 500ã 8 �Ñ
 P = 0.4 Ú 100 ≤ N ≤ 4 000 ��ÆÆ�£O�Ç­�, ù 4 ^­�dþ�e©OǑ:

ABTS ÆÆ!Q �{!Optimal Q �{±9 GBT.ù�(JL², �Ó¼�Au)VÇǑ 0.4, �I\êl 100 Cz� 4 000 �, ABTS ÆÆ�£O�Çþpuy��ùA«ÆÆ, §¿Ø�6I\ê�Cz. ,	, lã 8 ¥, ·���±w�, �I\l
100 Cz� 4 000 �, ABTS ÆÆ�£O�Ç=l� 0.51 Cz� 0.53, ùǑ`² ABTS ÆÆ�£O�Ç�­½5��, §¿Ø¬ÏǑI\ê�ì�Cz�)�Ç��ì�Cz. ã 9 ��Ñ
 p = 0.4 Ú
100 ≤ N ≤ 4 000 ��£Oo�Yê. lã 9 ¥�±w�, ABTS ÆÆ'Ù�ÆÆs¤
����Yê, ù�(JǑ�ã 8 ��.

6.3 ppp ÚQQQ
0
��KǑã 10�Ñ
ABTSÆÆ3 p = 0!0.2!0.4!0.6Ú 0.8 �, I\êl 0 Cz� 1 000 ��£O�ÇCz­�. lã 10 ¥�±wÑ, �I\ê�u 100 �,ù 4^­��CY², ©O­½3 0.4!0.45!0.5!0.6



514 g Ä z Æ � 40òÚ 0.7. ù�(J�N
, �ØI\ê´��´�,
ABTS �£O�Ç­�þ�u)²wËÄ, äk���­½5.

ã 8 �ý(J: £O�Ç, 100 ≤ N ≤ 4 000, p = 0.4

Fig. 8 Simulation results: identification efficiency,

100 ≤ N ≤ 4 000, p = 0.4

ã 9 �ý(J: £O�Yê, 100 ≤ N ≤ 4 000, p = 0.4

Fig. 9 Simulation results: the number of slots,

100 ≤ N ≤ 4 000, p = 0.4ã 11 ©O�Ñ
 ABTS ÆÆ3I\ê
100∼ 1 000 �mCz�, ØÓ�© Q0 �e�XÚ�Ç­�. lã 11 ¥�±w�, � Q0 ��u�u 8, £OI\��Ç3I\�u 100 ��$, Ø�
0.4, �kI\�u 100 �, £OI\�óéþâÅìO�, �L
 0.4. � Q0 ��u�u 2 �, £OI\�óéþ3I\�u 100 �k�p��, �C
0.40, 
I\�u 100 �, £OI\�óéþ%Ø�
0.40. Ïd, l±þ(J�±w�, � Q0 ��Ǒ 4.0´��ò©�(J, U
(�I\ê��Ú���,£O�ÇþØ¬�����$�.

ã 10 3ØÓ p e� ABTS £O�Ç, Q0 = 4.0

Fig. 10 Simulation results: ABTS efficiency of different p

under Q0 = 4.0

ã 11 3ØÓ Q0 e� ABTS £O�Ç, 100 ≤ N ≤ 1 000

Fig. 11 Simulation results: ABTS efficiency under

different Q0, 100 ≤ N ≤ 1 000

7 (Ø�©JÑ ABTS ÆÆ3Ó¼�Au)VÇ�u
0.6 �, Ù£O�ÇÚ£O�m5U�`uy�� Q�{!GBT Ú Optimal Q �{. Ǒ,�Ó¼�AVÇ�u 0.6 �, ABTS ÆÆ��Ç¿Ø'y��ÆÆp, ,
, VÇ�u 0.6 3¢SA^¥¿Ø~�,Ïd, �©vk�Äù«�¹. ,	, ABTS ÆÆ�£O�Ç3I\ê�Úõ��¹eþk���­½5. ��, �'uÙ��©�, Q0 ��©�� 4.0 ��y ABTS 3��Ú�õ�I\êeþkØ$�£O�Ç.
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