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ABTS Protocol for RFID Tags Anti-collision Under Capture Effect

WU Hai-Feng? ZENG Yu' LING Yong-Fa!

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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Table 1  Identification rate of adaptive BTSA
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2 ABTS(Q)

3 function ABTS(Q)

4 SC =0,Qsp = 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, Q p, = min(Q sp+C, 15)

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

transmit QueryBT and BT()
9 //QeuryBT command instructs tags to be re
solved by BT

10 elseif no tag response, Qsp =
max(Qsp — C,0)
11 if Round(Qyp)! = 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 1D, store ID and trans
mit QuervRep
16 SC = SC + 1} while SC < 29
17 if number of idle slots = 2%, return; else

ABTS (Round(Qyp))
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
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and B=B-1

23 elseif RN16 decoded, transmit AC K with
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24 if received ID, store ID and transmit

QuervRep

25 } while B > 0
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9 Counter = Counter—
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10 else wait until reader’s
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11 elseif receive QueryBT from
reader
12 Counter = Counter+ a
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13 elseif Counter! = 0
14 if receive Query with 29, break
15 elseif receive QueryBT from
reader
16 Counter = Counter + 1
17 elseif receive QueryRep form
reader
18 Counter = Counter — 1}
19 if Counter < 0 return; else
TagQIdentify(29)

5 13 A AR A B R 1 RINT6 (19155 450 1T 002 i A
SR oA RIS, ARG, PR LR . i
KA i3 Qp, MME, AR B (1) F
(2) . il % Round(Qy,) AT Q, [
B R PR AT bz mi. W Round(Qy,) = Q, 1
LA RAEAN [F] 1R i 2 B A0t 2 B 25 214 117 B B Ay £ s
S 1) R EREB, &% QueryRep, #R G K
—ANEFBR; 2) R I BR, R & AT RN16 1)
ACK, eI — M2 ID J5, FRiE—
QueryRep HKE/R N — AN FRIFLG; 3) s
BB, &i% QueryBT, KRR bR HIHEAN 3
HIB i, BIEERH BT() BRECKHUT BT 2.
B, ik B AN 2, 45 410 B P e
N, B =B+ 1, # NN, B=B—-1. 4
B =0 B, YRR 25 57 0 3 2 .

TIAR, AN R, I H i BRECGE T XA
T TR ER, AR AHEAN A o B0, A REAN S —
AN ABTS (G ER.

br28EAE i TagQldentify() eAECKIAT. £E
TagQlIdentify() RET, bR —1H 838 Counter,
HOTLETRR 2 B AL G R, PRI Counter ¥4



33 FRUFHESE: FIRSN T RFID AR%501) ABTS Bl b 5 0% 511

MO FiTK: 29 2 (R BIHLIEPE—ME.

RUWFRZEN Counter EFE 0, M [ 5248 K 1%
()i 2] 43 ) = R4 1) 5B S AT 29
1) Query @4, PRZAFHEN T —NWiHr, 4 ek
FEHTEE A 2) HRI 2T RN16 ) ACK fin 4,
PREEKEFINTIZ RN16 2755 [ 5 UCAD, a1 UL,
HAR R ik ID, AR, Houk B Ak 1, JOF A
S THT PRI S AN FE A A5 W, 32 bR 28 D 4l 3R
I BE ek R bR, K 8E N AN R 3) A IR
s& QueryBT 74, PRENKFIEAT 30140, BLI)
Counter ¥ N E—ABIAL_HEH1% 0 0k 1.

BRI Counter ANEFE 0, FR25K)#E
PR Ky R 1) #F R 2T 29 1 Query
A, MR HEN N — AU, I £ T 4 A
2) H B & QueryBT iy %, #2851 Counter
B Eam 1 3) A=W R 2 QueryRep 4, FREEI
Counter ¥ A9 1.

4.3  thi=E)

Kl 5 251 T ABTS thilBlbs%s AL B, C Fl
D fl-r, K e = 0.5, Qo = 2.0. T EEHs
% A, B. C A D Counter 43510 1. 1. 3 F1 3,
IBAAEEE —DWIHIEE ZANBEBR, AR%E A Fil B phse,
T Round(Qy,) = Q, Kk, Phoeibre Bl iE1r
PRI A, TAE R, A R B R IE R —
AN, HE R AERTIRRANY, R, A ) RN16 #5%
DI, TARZE B A B Beei b 28, HootSias ik T-46
RERAERIIF A — B, e 258 —iteb 1 B S5 S i
Bl R A IR0, C 1 RN16 # sl DU, 7e56
S AN R X, R Round(Qy,) # Q, I
B, AZ TR A I B 28 aE. AESE —iiih, Q H 2.0
%% 1.0, B Al D ) RN16 # sl £25 4 o
o BT I BN A, RIARZE L N, R 3 Al T
2 TP RREE Counter ZRAL T FE.

1, 0=2.0 H2mi, 0=20

O I T

3, 0=10 4, 0=1.0
LT 1

2 Y round(Qp) #0 s R N A X Baibiss
CA& RN R F I B

K5 —ANEIA ABTS PrstR bR
Fig.5 An example of ABTS protocol identifying tags

in a cycle

5 TR
FEATT R, BATI5r KT ABTS il b U b4 fir

TEOR I BREL. A T by BSR4 — A U000 I iR

T AT B 28 B A 0 1) B BRESOR, TS A 1 N B Y A

RAMSE R D PN B E . A A R
T=Te+T,+Ts (7)

HT T B A W URI AR ZE N, A8 R R ERUR Al 3R 2%
IV BT 2 (I BUESCANAH (7D, DRIk, AT TR e 3 A ol
0L B BT 9 (R B 20 3ol EA T 50 B

F 3 @M BTSA PrsFREIR N2

Table 3  Identification rate of adaptive BTSA
C t, _
WoQ  ME Qp oumer Rt
A B C D
1 1.5 1 1 3 3 =
2 2.0 o o0 2 2 MR
3 2.0 0 0 3 3 TR
4 2.0 0 * 4 4 0T
1 2.0 R
5 20 / * 3 3 %
6 20 / * 2 2 %
7 5 /0 1 1 %
8 15/ 0 0 *
1 1.0 1 3 73
2 20 / / -
1 1. 1 (T
3 1.0 0 / 0 / 1%
2 w0/ / /0 g
1 0.5 A A A =
4 1.0 2 / / / / 7
3 A A A =

O ARFALAREE N BORAR 3:, ETH R AN T AT 30 4 i i
W, < AR TR, T s A TAR

5.1  JCHIIRZUN RYIR 5 B BREL

A AE WU BT ALOHA AT n R4 — o
Kb L st BOALIEPERT B, AR AAT r D hrZEik
[ — I B AN R B S R

E(L,n,7) =L ( 7; ) <%><1_%>"— (8)

BB, AEMTI B Aloha H ik A 1 iK% 7 fift S Bir
ALY S I BT 7R

Tpra(L,n) =L+ > B(Ln,m)Tsr(r) (9

Horb, Tp(r) R H R SR -
TETRI I B, R

MRZERT



512 H | 1t

F [ 40 %

21 % ( : ) 0.5" T (r) (10)

n>2

1—0.5""1 ’

#£ ABTS thiltrf, it T BN I B AR5, 4
PRI BT 1l I BT 20 A B i 4 o — Aot DL
W TF A [ EAE, BUE HITF I La, AUF, A
2 ABTS PR Te 3 i) S B I R 7R

TBTA (LA’U) 7’L) ~ LAU + Z E(LATH n, T)TBT (T)

r=2
(11)
Sk [12] T4, K Ty L5 RBIAREE S o A
I, B Tera(L,n) /N, B, Frid s i B
k. BT
o LAU

|LAv:n7LAv_’+OO -

E(L gy, m, 1)

rle (12)

Pk, ABTS BhistH n AFRZEPTIE D 1 i A0 B

BN
Tapra(Lay, n)‘LM:n,LMHjLOO ~ Lay+ La,X

n

TBT(T) -
Z rle 2 (13)
r=2
5.2 HIRZINL T BYIR A1 BT BREY
AV KA F AR B R AR p T,
K HERIR U n DERZE PR D I B AL 4
n=2f:

Tpr(2) =2+ (1 -p)E@2,2,2)T50(2)  (14)

HER (8) FRA (14), W75:
4

, n =2 15
1+p (15)

Tpr(n) =
Mn>2 0, f:

TIIBT(n) =2+ (1 - p)E(27n7n)TIIBT(n) + (1 - p)X

—

n—

E(2,n,r)Tgr(n) (16)

ﬂ
I|
)

sk (8) At (16), T

2+ (1-p) nf ( Z ) 0.5" ' (1)

r=2

T, =
BT(n) 1— (1 _ p)05n71 ?

n > 2
(17)

A3 (15) A1 (17) W%, SRH] - BERIR I3 I B4
W HBEATT R, FRE, TR L, 08
L, AR R BRIy Pt ABTS Bl
n MARZEFTIE TR A BN

TABTA (LAU7 n) ~

LAU + (1 _p)ZE(LAmn)T)TéT(T) (18)

r=2

3 (18) KIRMIMALZE, ABTS Bhist Ul At gk ik
WV S8 8 PR b 262 BT A1 Bl PR B B, 0 S8 I AT A 2830
958, M i EERT BRI ARZE PR, e BT fE 3R K
IS BT R RIS (18) #EATTHAT.

6 HEHNHELER

6.1 MERRKE

ASHR Sy FH VSR B S0 45 SR E A SCH
¥1 ABTS B, £ S, A% 08— A
SN2 DMIRERINEOL, I HBAMBGE A 300 R
FRRZEAN S BT D B4 R YU T, AN T I
PREEHEN BB Rl D T PRI ARZE VU A PERE, 3R
e Y=

1) BB AL — DU A, s
JRI RN 58 BT AT bR 28 B A 9% 1 I B A, e/ R i it
HOR A5 2 B AR U I 1)

2) PUARCER: IAE AU JE 3TN AR %
H R SN A RN R T e B A L s R I B

KT EEARL, B0 0 22 B R ORI v S I B 5K 45 21 vy
IR,

EPTEAR, RATD RN S50 T AT 500 X, &
Ji (P SE G 45 5k 500 IR 45 R F3ME. BA e TG
15 BS54 B 384y, 25 6.1 A1 ABTS B
L Q 5. GBT YA Optimal @Q $TiEE47 % L,
eI SVETRE S g/ IS

1) Q 5 ¥ EPC C1 Gen2PY [fhiuk, Q
MW Qo HX 4.0, K 0.1 < ¢ < 0.5. N,
Koo RIHLURIEER: #50<Q <2, ¢c=0.5; 47
Q>10,c=0.1; FW, ¢ =1/Q.

2) GBT Whill: HIaant, Bra b vt 208834 4
0. BEAHFRRN B P hR g HEN N — A b



331 S HERAON T RFID b2 ABTS b st 513

M o, A IR A IR 2 SO AE X AR
FITAT R B S804 70 it Dby P 5 s B sl o Fsf .

3) Optimal Q %k Qo WX 4.0, X5 BN Q
FEP SRR 3L BUESE n DMK IRIPR 24
T, B4, A2 3Tk [19] /T4, 5 n MKK Q.
A |log, T, .

4) ABTS #hil: Qo FAEHL 4.0, X5 BT Q
FOEA Optimal Q Fykrh S8k £ 5L JF H
WK e I TIER Y B Q FE—3, B, 4
0< Q<2 ¢=05 #Q > 10, c = 0.1; FN,
c=1/Q.

5 6.2 W, ATKLG AN p M Qy F
ABTS Wil Uk e, %05 5 H IR 7R p Al
Qo I 5% ABTS Wil itk RE.

6.2 REIIFMINLAY LR

LA, FRATTIE ABTS Wil b BIAE U SGHEAT
ELAR. B 6 25t T 9y kA B A 0 221k
0.6 28, k%% N = 500 i, ABTS i, Q
Fyk . GBT LA Optimal Q FEyEriRmses. MK
6 THLUE B, AT ABTS Whis )5k % ih 2k 46
AURR M HI R BTy X — 45 BRI, M3y
RAEMZEAL 0~0.6 Z[AE, ABTS il iU R0
BR TIAE X LRI s, FLER AT 1) ABTS
IRV BT bR ZEAE T — Nt rh BEATLAE PRI B,
A&, GBT Hpil 0 R BELE BT B2 ek b 28 3 4 [H] —
BB, XTI 2 2) ABTS Bl i)
PR2E— FUR A o S B HEAT BB 2%, T Q
V5 A Optimal Q 792 E0 L B2k ba 25 1 52 (1) b
BEWHEN T AR, X2 e A T 2 AR AR g
3) ABTS WhiSCRH HIENEARKIRAG A6 BE 1)
K, 1M Optimal Q FEiEILWiKAE T- R85, IXAEH
RNZAT B IFA AL

0.65F

0.6}

0.55F

AR
(=]
W

0.45F

) algoritt
0(35 E%g_f?on hm
—s— Optimal Q algorithm
0.3
0 0.1 0.2 03 0.4 0.5 0.6

P

6 PrE4iR: KR, 0.1 <p < 0.6, N = 500
Fig.6 Simulation results: identification efficiency,
0<p<0.6, N=500

LR 6, ARV LGS, BiE p (98
K, ABTS il GBT ([ AZ#Tk/N, 24 p = 0.6,
AN AR /N2 0. FTRATIL, Bifi%E p > 0.6, GBT
(I Rk ok ABTS. SR1, p > 0.6 EkA,
TP A E PSR UK = 21— ANl SR R (R B iR
RO AR E WO Rk, AT HE p > 0.6
. B 7 41T LA BB SCAE R SR RN & 2R 1)
MEE M 0.1 40 F] 0.6 Z [0 #2540 N = 500 B
YU B, IAHRTLAE £, ABTS Bl e 2% 1)
B B> T AR BN, XA SR 6 th—F, AP
8 PR PR U A R R A R D R B B, TR D R B
BERHICHRE T AR/ (1) 3 e ).

1500
1 400F
1 300F
4
%1 200
{7'5"'
=1 100}
1 000f
—— ABTS i
900F| =7 Q algorithm ]
- GBT 7
—#— Optimal Q algorithm h
80GO 0.1 02 03 04 0.5 0.6
p

Bl 7 iR g PO AL, 0.1 <p < 0.6, N = 500
Fig.7 Simulation results: the number of slots,
0<p<0.6, N =500

K8 4T P=0.4 f1100 < N <4000 %
RS H 2R, X 4 4ok i B3N 2 50k
ABTS %, Q %, Optimal Q $3%LL K GBT.
X2 BRI, RN R AN 0.4, HFRZE
N 100 22163 4000 B, ABTS i) 250 %
By T-IAE (P LR, & A BAR 25 50 AR
b, 534b, I 8 wh, FRATTIE T LB B, k%5 A
100 724k 3] 4000 B, ABTS sl i) 2 2 A0
25 0.51 2463 0.53, XU ABTS Prul il sk
RIRE MRS, BIFAPRUN bR 5 R ZU AR 4k
AR R ZIAR . B9 AT p = 0.4 I
100 < N < 4000 B iR 5B BRE. MK 9 Fr]
LUA 2], ABTS Bl b AR B 307 3% 7 58 /b 1 BB
5, xR K 8 —FL.

6.3 p FQ, BRI

K 10 5 7 ABTS #illfE p = 0.0.2.0.4. 0.6
FI0.8 B, FRZEELA 0 AZ4L 3] 1000 B (U5 2R AR
fethzk. MK 10 s BUE H, ShR2E 280N T 100 B,
X 4 2% &K, 3 s ELE 0.41 0.45, 0.5, 0.6



514 H | 1t

AEO.7. EAGRRIR T, TR EHUE Kk K&,
ABTS MUl e th 2 R KB B850, TATH
af e .

0.54
0.531
0.52r - ABTS
=/ Q algorithm
0.51 —-GBT
§ 1 —#—Optimal Q algorithm

0'4?00 500 1000 1500 2;\)/00 2500 3000 3500 4000

8 MiEAR: PUNE, 100 < N < 4000, p = 0.4

Fig.8 Simulation results: identification efficiency,
100 < N <4000, p =04

=7 O algorithm
-+ GBT
—#- Optimal Q algorithm

00 500 1000 1500 2000 2500 3000 3500 4000
N

Blo g B R EEL, 100 < N <4000, p = 0.4
Fig.9 Simulation results: the number of slots,
100 < N <4000, p =04

K 11 4 g5 7 ABTS P i £ b 25 %%
100~ 1000 2 [a) 2tk i, REPIG Qo 16 IR
iR e, W 11 R LUE S, 4 Qo A T4%
T8, BUMNARZE I BERAERRSSE /N T 100 BHEAR, A2
0.4, HAMZENT 100 B, HBARZE K AL 54K
Wisa ok, HI T 0.4, Y Qo E/ANTAET 2 B,
PRI E I A FR /N T 100 WG 4 i i, ek
0.40, TIARZE KT 100 B, PLUAIBREE 751 i A0 A 2]
0.40. Ak, MELEZSRATLIE 2, B Qo WME M 4.0
ML, B AR AR 2 B KRN
PRI B AN BARAE.

0.2 =#p=0
--p=02

0.1 —k-p=04
< p=0.6
=< p=0.8

0% 100 200 300 400 500 600 700
N

Kl 10 7eAE p FIf ABTS RAIACE, Qo = 4.0
Fig. 10 Simulation results: ABTS efficiency of different p
under Qo = 4.0

800 900 1 000

0.42

0.41

0.4F

&ﬂ_ q
5

£0.39
= .
S

0.38

0.37

0.36
100 200 300 400 500N600 700 800 900 1000

K11 fiEAR Qo T ABTS HRAIM04%, 100 < N < 1000
Fig. 11 Simulation results: ABTS efficiency under

different Qo, 100 < N < 1000
7 ik

ARSCHELS ABTS Bl AR R8N A E R/ T
0.6 I, HUUNRAFU N TRPEREEAL T Q
k. GBT #l Optimal Q 5k, HUR 4l 3R A4
KT 0.6 I, ABTS #hill IR IFAS ELBLAE 1
P, AR, MEZE KT 0.6 723 BR Y H IR AN W,
W, ARSCRATH LEIXME DL T35k, ABTS #ril i
POINBCRAERRZE RO 2 5 00 AT A e
PE. foha, AETHABRIGGME, Qo MIMIUA{EMK 4.0 W]
TRUE ABTS RO R IR N BT AR N
ipves

References

1 Welbourne E, Battle L, Cole G, Gould K, Rector K, Raymer
S, Balazinska M, Borriello G. Building the internet of things
using RFID: the RFID ecosystem experience. IEEE Internet
Computing, 2009, 13(3): 48—55



3 FUFEAE: FlRAY T RFID AR%5 ) ABTS B 5 i 515
2 Finkenzeller K. RFID Handbook: Radio-frequency Identifi- 18 La Porta T F, Maselli G, Petrioli C. Anticollision protocols

10

11

12

13

14

15

16

17

cation Fundamentals and Applications (2nd edition). Eng-
land: John Wiley and Sons, 2003

Shin D H, Sun P L, Yen D C, Huang S M. Taxonomy and
survey of RFID anti-collision protocols. Computer Commu-
nications, 2006, 29(11): 2150—2166

Lai Y C, Hsiao L Y. General binary tree protocol for coping
with the capture effect in RFID tag identification. IEEE
Communications Letters, 2010, 14(3): 208—210

Schoute F C. Dynamic frame length ALOHA. IEEE Trans-
actions on Communications, 1983, 31(4): 565—568

Vogt H. Efficient object identification with passive RFID
tags. In: Proceedings of the 1st International Confer-
ence on Pervasive Computing. Berlin Heidelberg, Germany:
Springer-Verlag, 2002. 98—113

Lee S R, Joo S D, Lee C W. An enhanced dynamic framed
slotted ALOHA algorithm for RFID tag identification. In:
Proceedings of the 2nd Annual International Conference on
Mobile and Ubiquitous Systems: Networking and Services.
San Diego, CA, USA: IEEE, 2005. 166—172

Chen W T. An accurate tag estimate method for improving
the performance of an RFID anticollision algorithm based
on dynamic frame length ALOHA. IEEE Transactions on
Automation Science and Engineering, 2009, 6(1): 9—15

Wu Hai-Feng, Zeng Yu. Tag estimate and fame length for
dynamic frame slotted ALOHA anti-collision RFID system.
Acta Automatica Sinica, 2010, 36(4): 620—624

(R, K. RFID &AMt B ALOHA Byb 58 i (AR % v
R AfE. AR, 2010, 36(4): 620—624)

Bonuccelli M A, Lonetti F, Martelli F. Tree slotted ALOHA:
a new protocol for tag identification in RFID networks.
In: Proceedings of the 2006 International Symposium on
a World of Wireless, Mobile and Multimedia Networks.
Buffalo-Niagara Falls, NY: IEEE, 2006. 1—6

Wu H, Zeng Y. Efficient framed slotted ALPHA protocol for
RFID tag anticollision. IEEE Transactions on Automation
Science and Engineering, 2011, 8(3): 581—588

Capetanakis J I. Tree algorithms for packet broadcast
channels. IEEE Transactions on Information Theory, 1979,
25(5): 505—515

Hush D R, Wood C. Analysis of tree algorithms for RFID
arbitration. In: Proceedings of the 1988 IEEE Interna-
tional Symposium on Information Theory. Cambridge, USA:
IEEE, 1988. 107

Feng Bo, Li Jin-Tao, Zheng Wei-Min, Zhang Ping, Ding
Zhen-Hua. A novel anti-collision algorithm for tag identi-
fication in RFID systems. Acta Automatica Sinica, 2008,
34(6): 632—638

(3, 258, HON IR, 5K, TR, Rt i) RFID b2 B
MR, Bk, 2008, 34(6): 632—638)

Myung J, Lee W, Srivastava J, Shih T K. Tag-splitting:
adaptive collision arbitration protocols for RFID tag identi-
fication. EEE Transactions on Parallel and Distributed Sys-
tems, 2007, 18(6): 763—775

Qian C, Ngan H, Liu Y H, Ni L. M. Cardinality estimation
for large-scale RFID systems. IEEE Transactions on Parallel
and Distributed Systems, 2011, 22(9): 1441—1454

Wu H F, Zeng Y, Feng J H, Gu Y. Binary tree slotted
ALOHA for passive RFID tag anticollision. IEEE Trans-
actions on Parallel and Distributed Systems, 2013, 24(1):
19-31

19

20

21

22

23

24

25

for single-reader RFID systems: temporal analysis and op-
timization. IEEE Transactions on Mobile Computing, 2011,
10(2): 267—279

Maguire Y, Pappu R. An optimal Q-algorithm for the ISO
18000-6C RFID protocol. IEEE Transactions on Automa-
tion Science and Engineering, 2009, 6(1): 16—24

Information technology — Radio frequency identification
(RFID) for item management — Part 6: Parameters for air
interface communications at 860 MHz-960 MHz — Amend-
ment 1: extension with type C and update of types A and
B, ISO 18000-6C, 2006

EPC radio-frequency identification protocols class-1
generation-2 UHF RFID protocol for communications at
860 MHz-960MHz Version 1.1.0 Draftl, EPC C1 Gen2,
2005

Khandelwal G, Yener A, Lee K, Serbetli S. ASAP: a MAC
protocol for dense and time constrained RFID systems. In:
Proceedings of the 2006 IEEE International Conference on
Communications. Istanbul, Turkey: IEEE, 2006. 4028—4033
Information technology — Radio frequency identification
(RFID) for item management — Part 6: Parameters for air
interface communications at 860 MHz-960 MHz, ISO 18000-
6A/B, 2004

Li B, Wang J Y. Efficient anti-collision algorithm utilizing
the capture effect for ISO18000-6C RFID protocol. IEEE
Communications Letters, 2011, 15(3): 352—354

Liu Yu, Zhu Zhi-Yuan, Guan Qiang, Yang Yi-Ping. Research
on experimental-design-based RFID application combina-
torial testing optimization. Acta Automatica Sinica, 2010,
36(12): 1674—1680

(I8, ARAUE, DGR, . He TR RFID W 4140
WIALATTE. Hahb 224, 2010, 36(12): 1674—1680)

RBE ZWRKANFEHER EE
Jr14 RFID $R.

E-mail: whf5469@gmail.com

(WU Hai-Feng
nan Nationalities University. His main
research interest is RFID technology.)

Professor at Yun-

B E MBI VT
125 RFID AR, ASCRAGIEH.
E-mail: yv.zeng@gmail.com

(ZENG Yu Lecturer at Yunnan Na-
tionalities University.
search interest is RFID technology.
Corresponding author of this paper.)

Her main re-

BKE  nWRKEKNFHIR. EEII
J7 1k o bEbL 2 ik RS

E-mail: yfing73@163.com

(LIN Yong-Fa
nan Nationalities University. His main
research interest is random-access sys-
tem.)

Professor at Yun-



