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Abstract; 1In the complex application environment of the internet of things,tag collision in RFID(radio frequency i-
dentification ) technology has become one of the core research hotspots in recent years, which is the main reason for the high
delay of tag identification and communication cost. To solve the problems above,a MRCT ( multi-reader cooperative tree-
based algorithm ) is proposed in this paper. In the first stage of the algorithm,readers delete part of the invalid nodes accord-
ing to the advantage of manchester code which can identify the collision bits of tags; In the second stage,readers share the
prefix and the current broadcast result in each round of broadcast. The tree structure of the readers is continuously optimized
by the information readers shared. The optimization strategy is to allocate a queue of nodes’ priority to be broadcasted for
each reader. The probability of tags to be broadcasted is calculated by the shared information. The priority of nodes to be
broadcasted is adjusted according to its probability, and the invalid nodes are deleted continuously. In the next broadcast,
readers select the node with the highest probability to broadcast. Simulation results show that the average tag recognition effi-
ciency of this algorithm is 59. 9% ,and MRCT has advantage in total time slots.

Key words: RFID(radio frequency identification) ;tag recognition ; multi-reader; binary tree ;anti-collision

Wik H 57:2020-02-13 ;4 1] F 41 :2020-06-01 ; FTE 44 o 2298
HGIH « [HR A RFLFEES (No. 61803149, No. 61901163, No. 61977021 ) 5 W LA FARAIHr & W A H (No. 2018 ACAI3 ) s LA 44N
SCHERHE S DFFE SR (ST E B A BRI L) BEBTH (No. 20151X02)



%8 R Z BB UME R RFID bREWE By B8 0% 1559

1 5|8

RETD Sl L F R I8 A A A Jo ok 552 AR XL 1)
B AR A S AR A B RFID &
e ERA T BB B AS B SE d. RS A B
T LAICEAE ) R 00 i 1 n 25 19 7 Ok AR BBURT P e
it FA5 SL. BEAR AR %% (10 0L 3 55 AN T3 22, i oy ok
I8 bR 28 il 48 ] 250 4 J8C O B2 T RIFID A 28 R 51 203 1) i
Al R, — 5 25 AR 2% Bl Al 48 335 X T RFID
BRI K I R T B

RFID 1% B Rif- 48 9% 7T 73 9 3 T Aloha 1) By i
Bk R TR BT REE SR T SE T Aloha B il
RIS — b AR B E M A S AR A B D i
AR R RRCR BTGB TR 100% BARAE I R, 3k
TR B 0 o RO S R Y A RUEAR, T DA
TEERE AT A AR PSR . H AT A RFID BE
77l 05 308 NV 114 2 B A TR 2 s A
A 3RAT SRR ) IS S A0 B /D 1 I B RO AR i B
RFID Z2 48" iz 3w FH AE Tl 495366 0 114 52 2 3R s o
TR MFREE 1D 5 2 1 B 14 B, BEI AL 52110
P TBf N — AR 28 T AL S B i A, X o
T AL g) R R AEE A B S A B ) R4S
SRANL B B EA T 31 (4 Rlf 458 HL 57 00 7 2 R — A>T
FTZR T ) A 1 D 52 e 5 A 28 J5CHE AH W) 119 15
LT 2 B 2 5 ) 1 200 0l 5 B B A i
SR B T 235 A A A s 285 19 4 A i o7, X JC BB R R
FEARR T S0E BRI, AR DL b R, AR SCER M T — A
DEas ] PR Y REID bR%E R B 48 55 % MRCT. MRCT
B ZETTMR AN « FRAT] A BLAAAS B B A ) B 45 R0
JFCA [l 13 A A I 17 PR30 i, DA 22 B 5 g A 5L P B A
P&, B FE oy MM T B 3 ) H I B A (L. e AT, 1%
TERIEACTT iR ) 4k Wy BUA By 7 PR 2 14 RIE 432 BT, %
1175 2 2 B 13 s s A8 UM 3 5% 1 e R B R0 dR T
T2 BUETEUORZ | i 1 R VR AE 114 il 58 6] B3

2 MHXIIE

AR B U K I A 28 e g 235 SR A ] ) B
G375 PRSI, AT 2 A B ol st = ol ] S48 ) IR
J RIS B P A 22 A AR 2 W I 1 I B Ry Al A . O I
Be] e TOVE R H AT B — R, R — P
T AT AR 285 5 B 1 AN AT B AS  282 Wi 1 1 I
Bt Sy ] B2 I BT, IR (58] 15 SR B3 o — BR A AR I, O AT
XPFR A AT B2 SR BRERAE ;2 1 0 B T 25 e
JOL R, SHCUR T4 IR Bt O 2 PRI .

P IB B A I T 2 U307 4 2 ) 1) — Tl A B Al 4
L v B 4 R. BCT ( Back Tracking Tree ) 1 QT ( Query

Tree) 52 2 T 0038 B2 AR 2 ML A9 Y R B k. L
LAY BIAE SCHR A PRGN A A 28 TR T3 9 4 1Y I
SERBFSE R, SCHR™ TE T T 7R 5 SUBOR B I 15 B0 F
= AR R ACR S (B T OB RS 2 1A
B0, VF 22 U A SO I DY SRS R 38 T 33k 1
ROR RS A R S I R ek T 4
5, HAEAR FUURAE QT AYJEAY L, A TR 45 R U E R
PP el = SR R A 7 D 3l AR il i i
Uk QT 45 & 3 7 B T 5% #4 5, BE-MDT ( Bayesian
Tag Estimation With Modified Dynamic Tree ) "' 3@ 3 01 nf-
P S U T3 e 45 0 50, B Sk g
XFRITE BB IR R A A W T2 G, 8 T
45% 1y Il 6. Fre bl J0 30 AR DK T A s 25 4
/N SR X — fBEXT QT AT 1 k. e i it
B BRI SRR T R I R T A bR A A I AR 7 B L A
TR RO, AR IR 7 2 B M B0 8 1 4R, 2R
Ji i 3k R AR B B (I e 1 R AR B TS 1
AL (A BUPE 0 46 A 30 b AR A5 K0 3 B AR A 8
SIO3A. doe e, 2R B A AR A e SRR R A — 28 )
ZUNPIA TR W TR U A v ] 352 AR AN T 20
TR, (AT AR B PF 7 T BT AR A A B il , 3T
MR R T AR A A 55 PQT ((Probabil-
ity-based Query Tree) , Hill i FRaS R il it H e L) %
JERAE) HE 19 JT 4 i B = 4 20 il 48 1) 0™ A, Hede
RECRATIE 53% Fety. JaBRATHT A, X5 Al S B ik
&4 g 1R AR e e ) B

3 ZIAESRMER RFID AR MEBRIHER %

3.1 EAREKE
3.1.1 HEHiEuiR

A SCUAESCHk ™ R R 9 AR 45 4 - RFID R 4558
{5 5 8 HAs 45 i A5 0 AR 15 8. {5 18 T i
PRI RS B T T D 28 45 bR 28 =2 i B 1
5 4l 47 18 1 7 5 3 L 0 200 ORIE T 7 B8 1 18 0] BE
A ARG 1 D 352 A 22 1] B % 8 1 s o 4 AR
5. AT LA A B i 4 A T8 1Y) & S 1) R AR UE 4 A5 1
F4) 388 155 U T R 590 15 2 A A5 Y L. 4 o £ G
A~ RFID R G000 B 1 — 45, FL) #6706 61 3 55 R e b 3L
) e, RO 5 18 A0 B 2 (RS 2 7 A T 4. Bl e
P2 At 3] 152 85 109 B840 A 1 S L =2 A, R A S
[5e] S 2 [ 38 15 7E DA _E AT S gk R BEAR . /1
ARSI TAEAREE /151,
3.1.2 EHRJ #BOR

i B e gn B R PR K N, AR RS
B i TOWFEE 58 4 4, R A Bel 32 2% [F] B0 5 il 9
A FRZEAT . CHERIE S —2 56 2 4



1560 H, ¥

EE ¢ 2020 4

<O omimn O Bz S
e O 15 B A A R
E1 MRCT TAEE R B

AL RS 2 AL NE S 2N AT
A AR L) R I, AT LR 1 R SOk 27, A

ﬁ%~%ﬁ%&%~4%ﬁ%ﬁ¢%ﬂ%ﬁwﬁ%.
S PE R EEON S N R BRS R 1 0,
émm@mm$wF2E¢imr%%%wr%m%

BB LE RS N -1 2. B2 378 10 1 A R DR A
3013 I ELLUL . AR A8 BE BRI B, FRATT LR
AR EX ARSI A NKE R N 41 iR
S IRE T RE T MRS TR Y H Y R O 2 R A
Rlf 5 P9 T A Al 2 457, DT ke e 4 S G 9 7 A A T
FETCRCT A N A 2 AT B P B
— NS R A R G TR TSR, JFaE e 3. 1.3
HRI DAL SR W AT TR A R T R R R A T e ).
3.1.3 EMTEBEFIRERK

FRATL: Pl A AE B 50 BN 15 1 38 15 45 A i 3 o 4%
il {5 18 1) 915 Bl PR H Al T A ) e g ik AR ) 2 AR ) R
SEAANRE AT, th T AR B A — 7 ID 7 R s o
SR RS T 45 A8 T R — A s ] 2 4 AT ) LAt ) 5
B RERTGE AR IS T R A5 R R B AE T #E BAS
P B AUE, Bl 28 P AUE 2 7s Ho AT e & bR 2 5kt

HTRISGE S ZBBUE eSS N - 1 2, 21538
AR R SRS WAUE, e e R AR N Z
U, BB 1 A W E SR A P, H
PR MRS 51 5045, B TR — DR /o R & w

AT T Py TP, 32 T 1 5 b 2 T
2GR A T IR T B A C
% | LR BRSO Py 1P, S8 4 i
E%Eh=&=§%m%A%ﬁK@§ﬁ%NJW?
R, B B 45 A C 5 R R o b %
PB=PC=P,ﬂ>T<tH:

P, =1-(1-P) (1)
1P = AR ()
T 2
PA=1_(1-R_2N) (2)

PR R, B 45 S AFAE 1D 55 C 45 AF(E D 5
IS I T 0 0, L A 2 0 6
BTV . (LA IR T 384 o 6
R 3 /1, BB T L3 1066 75 4 4R 2
S RS BT K D15 H 7 15— 522 2 R
LA 12 b T 0 . A 82 0 P 4
4P — b AN

AR5 4 2 DA BB A (R B W 24
AR 4 R R I I L0 B 2
SALELIR N O, A% S I T 415 25 A B s
W SO0 5 2 0 4 2 24 D 5
BT R P, LR 24 0 T 54 B R A T
BCH 2, LR 6T 0. 55— B e 29 4 R0 2 PR
B, A B A A R e 1 -
(1= Chory ) TR 4 BB B 2
o AR PR BT 1459 5 A 3 T O,
D 5 4 4 4 2 B B O M RIS T 1. A
B R — AN B4 15 e s D,
A 2 I /ML, B U B, 25 A0
WA S0 1 P T . 25— B B A
S AT BN, 0 2 e 3 AT Py =0, B0 P, =
Pe = SR B R4 BT E 69 15 4L
SEFE T HROA S P R, O EL RO H AL A 7
2 2 A HCAL T S S T R BB . B
SO ST IR YT IR L 2 2 T T A
G NI , 2P T — 6 T 2 T, B 5 4 40 1 B £
PR A T BRI 51— 5, 455 21 4 I Ak
S SE T, B 14 A 2 D B 5 2 0 A 24 o B
BLE 3 — A U A4
3.2 MRCT Eix$E

MRCT 535 25 BB P A5+

(1) SR BB B H AR AT R, B 36 2



%8 R Z BB UME R RFID bREWE By B8 0% 1561

BBELES N - 1 JZ IR — AT T E 5 6.
(2) D A8 5 Bk — UK 4 i a0 ok 47 W £ 1 5e 4 )
RERTZA) R IR, D g LB A B R A S A
J % R AU A R R A AR S e ) — AR R —
R RIS, B2 A bR S R .
MRCT Sk A D RS 4n T

Hix1 MRCT {4

AdjustNodePriority

Input ; prefix, result, N, T, R

1. if result = = // PR ST B0 e 2 o A s Ao
2. prefixprobablity =0

3. else if result = = // ]I} B R g AR AR
4. prefixprobablity = T/(R - 2")

5. remove prefix from childprefix[ ]

6. If both childprefix has been removed

7. remove prefix from prefix| |

8. endif

9 /73 PR B R ) 5 e e 5 6
10. prefixprobablity =1 = (1 =T/((R-1) -2"))?

11.  endif

12.  nextprefix = prefix has the highest probability

. elseif result = =

13.  return nextprefix

InitializeNode

Input: N,T,R

4. n=N-1

15. counter, childcounter = O

16. while counter < =2"

17. prefix[ counter ] =n # ‘0’ + binary( counter)
18. prefixprobablity =1 = (1 = 7/(R - 2"))?

19. end while

20. while childcounter < =2"

21.  childprefix[ childcounter] =N s ‘0’ + binary( childcounter)
22. End while

23. return prefix[ |, childprefix[ ]

MRCT

Input: N, T,R

24. prefix[ ], childprefix[ ] = InitializeNode(N,T,R)
25. prefix| | = prefix| | - Manchester(N,T,R)

26. while tags to be identified ;

217. readers broadcast with prefix using data channel
28. readers broadcast using control channel

29. nextprefix = AdjustNodePriority ( prefix, result)
30. end while

3.3 MRCT &%54)

FA TR 1 = A~ B 4% F+ AR 10 5
4400007 ,“0001”, 01007, “1100” S A5 7E 1 5 b 1% 4%
[ R Y, ©00107, 0011, “1110” , “ 11117 FREE Sy
e 2 5 e 3 4 B9 ) 6 W FEL A, (01117, (10107,
C10117, “TI01"AR&E 5 i fE 3 5 [ 1 (1) 46 VL5 Rl P4
P A B 52 g R R B D 3 R T 48 T2 BA B, AR

“000”,“001” EHE“1117 4L 8 A~ FEH R #H, =45
LA EIE TR 1117 ARPEALE BB R B, A X R
RIEAEE LA, 1 5 B 2 A A3 XXOX , [R] B 2 5 3] e U
F)“ XXX, 3 5 B A 3]« XXXX . e i B = AN 5)
FRARE R B R A A T AR A Rl A, I s AR 4 A i
L A 8, 1 5 e 2 AR )40 T 6 A3 B B 56 —
A7 AE“O” B AR ZE, BP<001 7, #0111, “101”,“111”
PUAS AT 48, BL B, 15 B3] G g8 1R T 4 H 2% BA B R
“000”,“010”,“100”, “ 110 PO/~ Fii 4%, I 152 28 M Hh b
MLEEE—ER N —Re A7) 4% R BLaT 15[
FEARHENL AR — 5 ) FE TS 000”5 45 1 L
“000X™ 1 5 ] 352 g ifF — 0 3t [y A 4% 21 #7542 0000 il
“0001 7. JLB 1 5 e 52 4 K <000 ™, filf 4 B Bl 7 & 2% &
2 5 3 S AR AR 1 0 S L G BA A K TR
BF & A% 40007 5 d SRR [RIET 1 5 e 32 2% oh 42 il £ 18
W 2 53 SR s HAR R LT R,
“1107 R REIBR . A 3. 1.3 R SR L) #E 28 A
FIHEF N, 15 R g AR 4 2 5 i a e i fE B
A LLL7 3T 5 DT )45 BA S Hp B3, 5 426 ARE 23 I v 11 1
RU1107 HEFT T 4%

4 BiEMERSH

4.1 RESH

ARSCAE 3. 1.3 v (i FiY ofe i 1 380 5 AR ok S i =1
FRERE , E IHRE 23 o R 22 , A 10 B IE I 152 22 b 1 v 4%
TWHIN , A ERCR.

ORI R RN -

1-P,=(1-P,)"" (3)
SRAFIH— B S HCR B 5053 51 -
(1-P)' =(1-P)* -2""In(1 —Pﬂ)ln%

(1-P)"=(1-P)” 2""(2" "In(1 -P,) +1)

(1 —PA)(ln%)

(4)
LH G P REE T 0, AR E]

2 =2" . ln(

1-P ) (5)
o n AHERT 0,45 P, 22 R ORME, A P,
S e/ IME, IUET n AR fe /N, X 2" Bt e /. BRI AR
M
Bhm M, =10, R ERK P, = zefﬂ‘:/\iﬁ(S) :

In(2") —In(2" -
_In(27) (V M,) (6)

(2)

$e M, =1 FRA(6) K NI T35 KI5 :

2:)



1562 H, ¥

EE ¢ 2020 4

N N

lim2" = limln(2 ) - ln(Wg -1) =1

N N—ooo L : (7)
(2)

=limn =0

N—o0

HR(5) AR (3) 18 SR R Y 2%

T 0.3678. FATaH I 250 A B, 3X — 1R 22 Bl A A 28 B
A S TR ) R B, 2 A — P g AR B KT 5
S, RESER0.02 LUF. YIS EE A 1 ~5 i, i)
MEAR AR ZEEOK  (H T MRCT 1 S 2R 78 BB R
SBRICRCTT a5, BRI s A ABE 238058 25 TR AN 23 % MRCT i
(2. AU 0 B0 B0 2 1% 5 D) 2 2 e B 0 AR & 1Y

W RHEATTHE R LA A5 e, S Y 1R 25 R A AE
CIECEENE AR
4.2 ZHEH=E

VIS R e A B 52 A TR A R AR A 1 i B
o BT RE B SR B, MRCT 19 St BR g 1
FE B A0 G 2 i 2 I 3k 5 1 AR Pl A5 A Y A
i, PR RS T R IS A 1 452 4 O Al 4 B R ELIZ T
FON TS ] 3 e A JC AT R SRR I e R
Al 58] 52 1 A T 2 BT R B B3 T R A Y AR 1Y
R CHARZE ID SR BN N, B s a8 £t
R BT e it A R bR 2 5 KRB T, A 18
S, Fe/~ MRCT [ 5™ e 5245 1) S0 B B ESCa: , M, 2R T
WEC) IR A TCRCT s G T M, FoR A
AN TSI 152 #8% R A AT A P R B e, M, 3R
FNERA [ 12485 Ry ] G2 B B B X T R AL [ 132 2 R 8 S B
A JCRCYT A B, ) B BRECE AT AR AR R

S,=2"""-M, -(R-1) -M,-(R-1) - M, (8)

BAVHE M, SRZE0E T WCR AR08 Bf 4L
ARG X R B — 2 R UL, B S TZ B bR
2 ID 5207 A 17 B B 1322 A RE A3 Pk —

T, S 17 A, 4t B W — SR

mﬂﬂuéﬁﬁ?i%ﬂé%%%iﬁﬁﬁ,mmé’éfﬁ RATE k3=

7N 3B BR R RE S 0 DA A E — 1D 5S4, I al LS R
B TCRCT R R T LR R

M=t (%+2L+2L+ +2L) (9)
Horr

ke[0O,N-1]

M k=0 I, JHI e S AR YR N ARG AR A, B e
AR TCIEE A RS ) IR R IR S, H k=N - 1
I B AR IR B Rt RN T 2 N = 1B A g — 2 #R
AEAS 2 ME— 2 %, 0 INF BE 98 29 BR B 24 i 39 S5 5 Y BT A
T, 2 k= NI S B AR A — R4S, )

BRI SAS k=N~ 1A, i T R o0 052 b 8 3, i
AAGHETE L AT LU B, PR AE T 46 RE 96 5 R 19 A
AR Rl 8 R 57 A9 BB A 5, T -5 G 43 P 67 1 B
AR TG, FEIX R4 T 0 T U i — )2 RER
B4 07 4™ 17 gy ()l , BIAE N B TRSEse
BUGA 0" e 17 iR,y TR S g 45 R 2 HA
AT 45 SR B B BB B AL S0 D 0 3 — ) e
MR =T34 19, 4 X ~ B(N,P)

P(X=k)=Cy-p' - (1-p)"" (10)
¥ p i1 T Fm Il iz ARG H I 5 n ok A5 M
N_ﬁw’;~<:ff.>"~<1-#.>"1~k—l
M =2""-2 7 (11)

B RORXS M, A0 M AT R Ak, M, g A B 4
TR B T BT 0 4 3 ) 155 45 BE 408 S B3k 11 1 i B, AR
35 4.2 F Bk U, FRATTEHES N RS TS N
= 1 JZ QY A DA A8 R ek 4 RO R e LA LA B 4 119
BRERFIR M, -

N- 2 1
M, =2 2" (R-1)-T 2" —(R-1) - T-1
(12)
) BESRAG M, -
2 o1 2 ’
M,=C, , 2" - (m) (13)

R (1), :0(12) , K (13) RAK(8)  2RAF B

S, =2M
| 272"”'”2[k(27"71)"‘] 2(R - 1)
2Y - (R-1) T
) [ 1 N 2C., ]
2Y-(R-1)-T-1 2Y-(R-1)-T

(14)

4.3 AHERE5EREERE
B g, MARVEB LR BIROR , 2 e 7 A 4k
FAARAE 55 2 TR U B LU AR, 2 i 5t R TR 285 4 B il e
B A5 bR 2 —  MRCT [0 5 H
WAE A % B I R B T s 2 T 75 AL i 1 R AL
B, € FoR. MRCT 7838 2 v B35 2 i K ds
fEIE) #Ebr%s ID SRS, Ahn%s A & ID 5 5 FE i
FHVCHEC , 0 [H Ll 42 1D 5, 3 Z MBI AR Y 2 K,
SERCRRIE R T, WA L R S T R
g Rk B HAB B A , TR RIS N - 1 A
FHA0” <17, 27 sy R R AN F ) #E 45 5%, e i A
T AT (5 A% B ) bR 2 B 1D 54K B 6 LA B R
it MRCT /Y B8 A5 2R (C,,,, ) R BEE (5 8 3 5 T 48

(15)



%8 R Z BB UME R RFID bREWE By B8 0% 1563

I b 5 T F RS 2 A
C,=2N-S, (16)

5 EXBER

FATxF 96 fihR4E ID 5 AT T 5 KK, B 196
17 1D B Z W] 2540 27 bR, FoAT A IX IR [ 0,1000 ] 4 7
T 10 F5 53 B 10 SRR (T) M1E, >R PQT (BCT,
BE-MDT =F 835 50 il it [ 200 Y- >R A5 B Ff 3 3% 114
LB s A P U B B {ELARE D E, MRCT SR A 3
~20 B i A , B B B4 RO 8 T 100 YO T HF
. B Zeqs th DU RO 125 10 S B S (T) (A k&
n(T) MEIRE AL C(T) i HACR A 2 ~ 85 PR

22507 v
2000 kT —
f8 1750| ~ BE-MDT
§ 1500
Z 1250
2 1000
750
500
250
100 200 300 400 500 600 700 800 900 1000
PR

P2 R B LA

50.0x10* o M%RT
- PQT
— BCT
40.0x10* —- BE-MDT
Y
% 30.0x10*
i
Flling
@ 20.0x 10*
10.0x 10*
0.0x10*

100 200 300 400 500 600 700 800 900 1000
Fres gt

3 A5 AR L

50.0x 10¢ pym—
o
#(%( - PQT
4& 40.0x10* ~BEMDT
u
] 30.0x10*
o
Filins 4
& 20.0x10*
=
& 10.0x10¢
0.0x10*

100 200 300 400 500 600 700 800 900 1000
bR

P4 Bl s o A o L
1 2 P S B0 25 5T UA H MRCT 1 B I Bt 4t
WA T o = Fp AR S i PR AR B AR e, At
HT-MEIR ] T 59. 9% . B AR REGEARI 5 2 4= )8
W v LA R T 33, 3O B T MRCT A 79 /> 15 18 38 B
. W& S s, BT MRCT 858 i bR A RUR0R (LS

o ]
0.9 -
—BCT

s 0.8 — BE-MDT
§< 0.7
R
K 0bfr e T e ——
& 0.5

0.4

0.3

0.2
100 200 300 400 500 600 700 800 900 1000
PR

5 Fruksxd s

R S HL BRI £ 30 -5 ] 13 45 5 L A 47 i 135 3 1 e
G R EAMR T LA R e MRCT 7 AR B Bt £k
AR T i A BRRICR.

6 #ig

ARTCE X RFID 22 48 Hb b 48 il 48 1) PRt 47 17 48
o, AR T —Fh 2 34 5T /) RFID RGEAR%E
By il 45 3 9. MRCT A [ 35 i 18] AH 5L b 11 119 0 52 X
RFID $R%8 UM J5 2 AT 1T bk, i i 3 52 i 5 8O
DAl B BRI 24, DT DA — 5 R JEE I 22 Ak 22 Bl 1
TSR, PUNRICRBARAY IR AHEL T DR R 451
(AR B Rl 48 0% , MRCT 7EARRFRRE LsiZb 1 hn 28l
LAy QTSN (D) I I NTTE 51 B R (DES & S i}
LS B 25 R R W], MRCT (9 b5 2 7 38 U3 R0 b
59. 9% , {5 S BB, ARk R IT7 T A —E P

Sk

[1] Weinstein R. RFID; A technical overview and its applica-
tion to the enterprise [ J]. IT professional, 2005,7 (3) ;27
-33.

[2] Watkins C J C H,Dayan P. Q-learning[ J ]. Machine learn-
ing,1992,8(3 -4) :279 -292.

[3] He Y,Wang X. An ALOHA-based improved anti-collision
algorithm for RFID systems[ J|. IEEE Wireless Communi-
cations,2013,20(5) :152 - 158.

(4] I3, VP ek ok TR, 5. BT LURREE i i 2t TR s 2
Bl R A B [T ] . 2240, 2019 ,47(2) 422 - 427.
SU Jian, XU Ruo-yu, YAO Yong-lei, ZHUANG Wei,
WANG Bao-wei. Bit query based M-ary tree anti-collision
identification protocol for RFID tags[ J]. Acta Electronica
Sinica,2019,47(2) :422 —427. (in Chinese)

[5] SuJ,Sheng Z,Wen G,et al. A time efficient tag identifica-
tion algorithm using dual prefix probe scheme(DPPS) [J].
IEEE Signal Processing Letters,2016,23(3) :386 —389.

[6] Capetanakis J. Tree algorithms for packet broadcast chan-
nels[ J]. IEEE transactions on information theory,1979,25
(5):505 = 515.

[7] Law C,Lee K, Siu K Y. Efficient memoryless protocol for



1564 H F

b 2020 4

(8]

(9]

tag identification[ A ]. Proceedings of the 4th international
workshop on Discrete algorithms and methods for mobile
computing and communications[ C]. New York:2000. 75 -
84.

Mathys P, Flajolet P. Q-ary collision resolution algorithms
in random-access systems with free or blocked channel ac-
cess[ J]. IEEE Transactions on Information Theory, 1985,
31(2):217 -243.

Ryu J,Lee H, Seok Y,et al. A hybrid query tree protocol
for tag collision arbitration in RFID systems| A ]. IEEE In-
ternational Conference on Communications | C]. Glasgow ;
IEEE,2007. 5981 - 5986.

[10] Annur R, Srichavengsup W, Nakpeerayuth S, et al. Bayes-

ian method of slotted aloha based anti-collision protocol
for RFID systems [ A ]. IEEE Twelfth International Sym-
posium on Autonomous Decentralized Systems [ C ]. Tai-

EE R

REEL L,1973 L AL B
SIAE A BB WALR E R B TR 4L
ARBFFE L WIALE AT TREEAB T L #]
LA REEUSS 5N LA AR TR T 0 1L
A o630/ [ /K S B SR /o
E-mail ; sthhubu@ 126. com

il INCEREE) 59,1994 42 Az,
B E AR N 2016 AEFEWI L RIS
fE R LA B ARG T2 oo BN MAL R
G B L BF T A, EBEWESE 5 o Tl
VR P I 45 23 [ 2 42

E-mail ; optimus_he@ 126. com

(11

[

[12]

[13]

[14]

wan ; IEEE ,2015. 87 - 90.

Wijayasekara S K, Nakpeerayuth S, Annur R, et al. A col-
lision resolution algorithm for RFID using modified dy-
namic tree with bayesian tag estimation[J]. IEEE Com-
munications Letters,2018,22(11) ;2238 —2241.

Lai Y C,Hsiao L Y,Chen H J,et al. A novel query tree
protocol with bit tracking in RFID tag identification[ J].
IEEE Transactions on Mobile Computing,2012,12(10) .
2063 -2075.

Liang X,Guo Y. A probability-based anti-collision proto-
col for RFID tag identification [ J ]. Wireless Personal
Communications ,2019,107(1) ;57 - 79.

W] kL), AR, 45 ST B 58 4+ 5 UMERY RFID
D s By Al 48 S [T ] WL R R 2R 4k, 2015, 44
(5):764 -768.

kOB L, 1995 A, BRI MA.
2018 AEFEMIAL KA THEHL S 5 B LR 24 Be Ak A
Hegegf g o, BRI AL R A LS (E R T
TRt B L WF A, EEAFE T 1 O AR B % &
T 265 2 4.

E-mail ; yaoh. ly@ foxmail. com



