BRI AR 2017 4F 5527 & 554 #].310 ~315

doi:10.3772/j. issn. 1002-0470. 2017. 04. 003

—MEREAEB[EMLRE"

(RS

(ArFEREAF¥RRERFIESXR

i %

i

[

©)

4k 100101)

AT T BT AH0OR A (RFID) B9 7€ 60 R 40 8 1 f , 4F xf JLA oy RFID & AL R i 4

ARG R THEE RAFFTEANTR, RET —MHRXA L REFZE MM RS,
BZRRAA S REARBEETY KA H LB & T E, T RE L EHR X LA
WETHREFEELAMETHENER T, BERFEFRXARE, TUBHREH T
MEBETmHERNESERAR, MEANEREARB LT EML, 5 REEF H
BREEMARERMEL EAKEMRTHRE LBEAERB NEY

Fehtial - SAORA,

i

0 7l

Bl 4 BRE O R G0 (GPS) b} 45 T A FALE
7 RGBT, A i AR B R B, 7T LAk
SR = 0 AORE B ABRAER “ Bem—K 7 =N E
PR, — ERREIRTFAR A 1 281 , Xt 2 Tl
TR R AR R T 2 — o TR AR
T, T TR Sz 8™ T4, GPS kM T
FNEN . A, HHTR](radio frequency iden-
tification, RFID) # AR 1533 T 23 5 4 & Ji& , o %
N FHE % N e 4, RFID HAA JE 4% il AR A0
TRAE 5, FF AR 15 2 OB 22 1 56 1, R IR 2E 1Y
BENENMFAR,

7 RFID 25 P 5E 7 B iF 58 7 1, 1R 40 56 3 Y
AR o VT 2 @ B A4k #RAE A 5E RFID A3,
P TADRTE B 7 % X H g dE MIT Oxy-
gen T H JF % ) Cricket Z& %55 46 B i K 2% 1
SpotON 2% BRI 37 K2 1) LANDMARC %
4510 BN A RADAR R4 IBM [ Blue-
Bot'” RS54, SR, LR RGEHE vk,

AL, R ARG, FRE&, MiEH

i B A B I D e 2 B A %, X AN K
F YR BORAS , T L h T B 132 48% mObn 26 22 18] 65
P, S A YO AE 5 5 1 PR, R
FRPRTIE o [ AN 2004 45T i 2 A — S8 R~ IR
IR S R OCEAR BEAT W 5T, T2 BR B X A
TEAMAEAC RIS , 5 8 72 52 Bn b 9 BRI et
RSV SRR IR S BNIAY R X VANV e S DN
SURER DL RAERNEE P05 T B . H AT
B B R R R 2 X 2 T AR L 19 Tago-
ram RSG5 L RGO R R AL R B S bR
BT RS BB R B T 22 iR A B T i
NS JEE i o B UK G001, FOAH S AR B i 13kt 40
7, S Ao A Rl A B8 28 i RS B4 i ) 3B
BRAUR . B E WG A LA TR A A, iR T
I MR R 28 22 A S5 PRUUE , R AR 28 10932 Bl ik
S AR DG XS AT A U S A7, I 2l vy ] 2 B
DT . ZEOR EEGE T E UL HAS
By R E B H AR

SRR, 2N RFID 5E (258005 T 70 R Uk -
SET B Y T AR T T
S R TSR A M 6 o sE

O EZEK A AFERS (61340005) , JL T A AREH A (4132012) AL a T AR AL A TR (KM201411232011) b st s 655 A4 B

F(5211524100) %P H .

@ 4, 1973 4FA L BB FT O ) EZGE AR, SRS, B Bl (5 s BK AR A, E-mail : cui _ying  hua@ sina. con

(Wki B 39:2017-01-10)
— 310 —



BEIEAE  — TP Z R P e as E L R L

FIRTA R R E 0 R GERY 0 A il LU A A G
PR R HIE AR — S, BRI E (7
RIEER RGN AN TR AR5 1 R PR 3
ASAREREE T 045, BE 0 MR/ E L T IR A R
Ak, AR SOREITIE— R 3 Tk o0 B 2 K AR D 1 A
SE DAY Bl i P i R T AR ) e o X8k, T A
RO/ ZR G AS T L3 2o R 456 R S
WKL, al LI Rkt 55 B IXBLG, S s
B RE L o

1 ETREASE S RE 02N
ez

W LA B S (P — MR R, [l I 2 3645 5 1

&
BT
%‘ \I S~ ] %

BAHL

Bl

(@ Rz BEREITR

AR R 5, BRSO RS, I sl 1(h)
Fiis o AR T RGN R SRR, Hlk
AT 5 5 P 4117 5 (blocking signal ) ) T4t
KAREGLTS PR A5 5. TR HE 1(a) R
B T I, Ak v S HAO Y R 2643 15, LA )T
G B ] R

i Bl e KA Y RFID [ s 2% 0 S TAF
TER EREL, T H X L2 TR, ME L,
RIE bR bR 2SR 3 B9 AT S5, Chaves'™ 48 A5 A
TSRS, S TR R XA R E 2
NSHFRE  FRR R X B 2 25 hn 25 () U 1 100 ok 1)
WrZ BTSRRI . IR 2T SRR
50, D0 BRSBTS AT SRR R, B
) 435 SR AT 5 5 1 A2 1R 0k % % RFID 2 5%

&

BAHL

Bl

Hulok
(b) BHCR B

1 FiESRETERERNX

AURTSENE . TP B SE7ESCHk [ 24 ] R i T —Fh
I OR 2B, LA ot B 5 ROR 0D U E
DX IG5 2 bR 25 PUN T SE PR Y RFID 22 K 26 R ) 8
o BEEas A 2K, 70000 L 5 R 28 dE AT
S, BAR A RE R ORI R A B 57 89 . Tagogram
RGN TH A 4 HRLR REID 355 &
TrackPoint , K4 7 B O 71, i 4 Al — 1S 5.
X7V IR R A R ZR I U 2 AH LM S Y, R
FHECA AR, T [R] — 4> R ERHEAT A 3 A
IHEZ AR RS, i A AR IR 3L 07 5, 7
SIEAS IR T B Py TAE

ARSCRETT T — T B 22 R 2k ] 12 45 1 2 o2 A5

P A (L XA ] — 4 Bl 3t , 1o 15 2 Rk
f 5795 , I3 il R i AR o7 X A 2 i
Ro

9 v _ 0 Y
Y Y Y Y
Y Y Y oY
Y o v !
S Y T 1 ;

B2 ENRBANZREAZ[HETEE

— 311 —



FEROREIR 2017 44 H 5527 % 454 1)

FEIXABERIR Z b, 155 07 DX 3y — 4 B 32 4%
T, BEEAs HA —H KRR, X 28 Rl 1k )
PR 5 DR AR A I o AR 6 DX, B 5T T
WFEAPBERR R . BB HAE TR A
RE(E 2 A R BIARRRL) , oAl R 2.
[l s P L2 2R A A S R i R AR, R
R Hh — AR R TARRES, HoAb oy P4
IRZS, XN Y R el il LU 5o IS fF
S AHEIUR 8 B S B B IR 55 A Li e AL L, LU
PRI AR ER R o A YA SR RE (RS E A 2%
PET KR T B eas R, B 1 2 T s
KBS H IR ], A B TR R G B
I

2 ZREVES/H AT %

R A ISR 2R BB H AR 28 RS 55 R
AT B PR 54 RERRBE BT . AR SCE R )L
N EWUF S BRI R 2, AR5 558 B S BT TR L
X IO AASCER, , X2 IS 1 2 EAT I A A B 1153 1
RNLE

HARE BRI

BOEN XA m ARG RET (1 <i<m),
n R R (1 < i< n), KRN EHAZ
ER, AL E BN Z, (1 <i<m) M Z, (1 <
i< n) o NHRIERE L (1 <1< m) DNARFER KRS
RET, (1 <x<l,1<s,<m), Itfi n MEHICK
LRI I E AR bR 2 B SR 5. B R &
R,(1 <k < n) MEGIIZWEINEE j KSR

FORIE S, , LM RIRR B R A O EE B A T HE
Dy o RICKHFS IR BEFERED 53 R 10 90, HIE S R
FOHEIEWCRE R, (BE W,

_CGS)
710
Hr €(S,) #RIFESHIREH

WCE/NFRBEE A HREEAS ST 214t
B BOHAUE R, IR U

Wy W, =A
{ 0 W, <A

(1)

W, =

J

(2)

— 312 —

W HARRE AL Ry P, A 0 e A T
8 P, a2 T
Popl = argmzin( z (W//A Lz _ZRk [

Isjsi
I<ks<n

=D, 1)/ Y W) (3)

ISNEY
I<ks<n

Horb, Z i HUELSE RO A o XK i aX(3) AT
0 AF B R i T B AT AN T PRE E
o AWFTEBEBLE e KA 3 D HEICREAR 5, 1R
WA R T5 vk, vl LIS 200 i Al 0 &, 8k P
PL P/ Jghs i8S —AS L x L (AR TR X ek (MR Hf s
HARBIANF, LR/ A& AR ) 78 H AR X
Selo AR HIRG BE 2R IR/ d x d B (L 2 d
A REREAR ) Tk, WA (3 ) UL de /N A A% gt
FIREIALE o AR5 3] DUR R 38 e i 5 s R, A
F T 2 RS SR IR R R PR RE T K o TRl AR s
I L3R, T 2 e A, K2 B BT, DASRA il B s o
T o

ZARBEN S 58 N IREE T R 5 00 JEE 1) e 22
PIE, DRI AN A 8 R A 22 SR AS SOV RS2, B 55
= NE N RGP PLRE S H AT 2 s iRy 2
PRIXEZ — o MR E o7 DX I A 5 R i A 2 1 L, 7
el e KRB rp R e A B R 2, mT LA/ N2
TN RIS, TH BRSO 3 A5 5 1 X B AR,
RIS T R GERIE BAEMBT T RE

3 ZREVEERMEEIN

FESHAIR N, 285 2R F log-normal 1§
FAS A ek 2N R R

P,(d)[dB] = P,(d,) +10nlog(d) + X, (4)
Hoh,d Ry & s A o 2Z [ i BE S, d, & A
ZSRISHIE ERE B E R 5, &% T Tk
S 0E B TEU 3 R GR A 1m 5 100m fi22%
PEES o n AR PIFESR AL, X, FRIEIENY Gaussian
BENLMEFS , o A0 SRR HEDR 22 AR H2 U A5 5 o
AT AT B S H ARIE R

%55 19 3 W A% 5 58 JEE 46 7% (received  signal
strength indication, RSSI) 777" JHid7 5 & Wl 3 fF
No EUARYIVREEN L FAR S, IO B AR 2 T



BEYEAE  — P Z R P eas E L R L

HALE AR LG REID 325 % B 52 a1 FH #2
AR H AR S A O R, IR =i
Brvk 58 0 FARBL B AL T LR 3285 A 180
FEERE RS g AR A [ L, o 6 ] F) 52 i Al 2 7o

3 ERH RSSIEN G EREE

2 REENL T U 5 T e PR, 72—~ 48
DI L — AN 22 Rk B e B AT, R T
A,

i E RSSI 7 kT ZA B 2 R —k,
FEN 5 EbR 25 R ) 2 25 Rl A8 0 15 0 T, 182 g o L)
SRR T, o ARl 3 B i 3 5, ) 28 /5 22 3T,
(R B T) A AT LS8 BRE o TR 22 KRR T 132 T 1%
— MR KRR RS, AR RL N, HH— 0T LL5E
PO AL AR, B R AE R T B[R] BVAT 58 & o7 o A
W, 22 AR I 320 22 57 7 125 ) 2 (51 R B4R F RSSI
itk

RSST J5 b 4 A5 5 5 B 482 480 B 1+
B AR S S as IR . i TE NIRRT LGS
TREAF I 2% , 2240 5800 R 18 e 75 2 )™ o 50 e 422
WA T iR P TH SR 2B RO TSR FH 2 R
BeAv ik, R R SR AN B IR
BURAR T LIRSS ik B A5 5 m  AUE R
MRS 50, AR/ N E MR 2, K4 il
K5 23 T RSSI 5k L M 22 KRR Bl 4 7 vk
(45 BLSC 45 J . 7E 20m x 20m (1) 5 7 X [a] P9, Bl
PUCE T 30 Bk, K4 s /NET MR E 4
B EEA AL, RS AR PR 25O (R
AR TR 57 &, P 2415 22 /20. 4701 m, [ 5
H1,20 A/NE 7 B AR B 32 8% 1 R e, o 4
AL IE AR K S R LR, 25 0 IE 5 T MR
2k, HOE R 2% 40, 0650m,, 1T LA H 2 K25 1A
SENIREE R KA TR0 RSST J5 i

20
18 ok PO /]
16 | ® ©
O [ | |
14 + Q %* Io)
~12F @ ]
g * = W J
£ 10 <4 * RENE
-y & O fliTHirE
8 -
o * ot
6t *o Q +O]
. & ]
ar )
ot #
2F *o *© o]
*
0 1 1 1 1 1 1 £ 1 1
0 2 4 6 8 10 12 14 16 18 20
BEE (m)
4 RSSIFETEZWER
20 — & = £1
18 ® ® |
®
® £
16 o
m ® ] o ] m
14 ® o Q@
6 12 & ® o BBCRE
= & B RERE @
® 10m o 0 + ERE Ey
I ° fHittiR
® ©
@
6 @ @ &
m ] £} u] ] m
4t 1
& Gk
2 F ® & .
®
0 1 T — | o] 1 D = 1 M
0 2 4 6 8 10 12 14 16 18 20
BB (m)

5 ZREFEMHEXIBER

H T 2428800 ISR, SR 3w A

WP Z BRI, AR 5 B s KR Z A Y

TRBHPI, & ifFG 5 e TR, R 2 S ARSH

DX, 38 R A TR AR, R & AR — R

R REFAREZ M THES THRSESHX

MIE PR R KN R a, RSST )7k b & 1A KL

AR RS —0, WK 3 iR, 4 AR hab

ZA 3 A B A D U A 28 A AT DL TE B

A7, ISR 25 [ B 55 A a8 DAL 9 ) e 4 R 4 E 1R

B, WITCEE XS PR A7 ROE o HA TR
FIMES P il N U

P=1-4-a(l-a)’-(1-a)"=6a"+0(a’)

(5)

K2 RETTE, K 2 s, 782 AL X,

— 313 —



EBOREIR 2017 44 F 5527 £ 45 4 1Y)

A 4 AR REAN 20 ANHWORE , HA AT A A
R P TFAFR:
P =d" + (1 -a")(a® + Cha”(1 —a)
+ C§0a18(1 -a)?)
a +0(a®) (6)
B o — RN BUNE, Y 0 =0.001, P =6
x107°, P' ~ 1 x 1077, A] LI H 2 KLk KR
DT THE S E XS EUE AL MO IR, BT
PLRE I R KA 5

4 % #

R E T — P 2 R B A E 535, %5
VAR FSCR 53 B 2 RE B 30 . T AL X B—I)
HUE— N RISRE R TARIRES, T A R b
ﬂ%%%%@ﬁﬁTﬁ%kiﬁ%ﬁﬁﬁimﬁ
[ €N P ER AN Ry o/ DNEUN L K7
iﬁﬁﬁﬁ%%%i&%ﬁ%ﬁ?@%¢%m%ﬁ
LR A5 B XR . Bk R Sy 1k
B, AR T LAY O 2 B A RSSLSE Qi TT ik, 2
KRR TEAR 7 i 1 5 (2 22 KK/, BAT B
SE 37 3 B M g O T T e

SE 3k

[ 1] Want R. An introduction to RFID technology. IEEE per-
vasive computing , 2006, 5(1): 25-33

[ 2] Yang H, Hu X, Zhang Y, et al. An integrate RFID

traceability system for the halal supply chain. Internation-

al Journal of u- and e- Service, Science and Technology,
2016,9(9) :351-360

[ 3] Smith A, Balakrishnan H, Goraczko M, et al. Tracking

moving devices with the cricket location system. In: Pro-

ceedings of the 2nd International Conference on Mobile

Systems, Applications and Services, Boston, USA,
2005. 190-202

[ 4] Priyantha N B, Chakraborty A, Balakrishnan H. Cricket
location-support system. In: Proceedings of the ACM In-
ternational Conference on Mobile Computing and Networ-
king, Boston, USA, 2000. 3243

[ 5] Hightower J, Want R, Borriello G. SpotON; An indoor
3D location sensing technology based on RF signal

— 314 —

[12]

[14]

strength. University of Washington, Seattle, WA, CSE
2000-02-02; UW, Feb. 2000

Ni LM, Liu Y, Patil A P. LANDMARC: indoor location
sensing using active RFID. In: Proceedings of the IEEE
Ist International Conference on Pervasive Computing and
Communications, Fort Worth, USA, 2003. 407415
Bahl P, Padmanabhan V N. RADAR: an in-building RF-
based user location and tracking system. In: Proceedings
of the IEEE 19th Annual Joint Conference of the IEEE
Computer and Communications Societies, Tel Aviv, Israel,
2000. 775-784

Bahl P, Padmanabhan V N. Enhancements to the RA-
DAR user location and tracking system. Microsoft Re-
search , February 2000

Patil A, Munson J, Wood D, et al. Bluebot; asset track-
ing via robotic location crawling. In: Proceedings of the
International Conference on Pervasive Services, Santorini,

Greece , 2005, 31(6) : 1067-1077
Yang L, Chen Y, Li X Y,

et al. Tagoram: real-time
tracking of mobile RFID tags to high precision using
COTS devices. In: Proceedings of the Annual Internation-
al Conference on Mobile Computing and Networking,
Hawaii, USA, 2014. 237-248

Deka M J, Joshi J, Sinha N, et al. Indoor and outdoor
position identification using RFID. In: Proceedings of the
2016 International Conference on Recent Advances and
Innovations in Engineering, Jaipur, India, 2016. 314-
319

Zhao Y, Liu K, Ma Y. Similarity analysis-based indoor
localization algorithm with backscatter information of pas-
sive UHF RFID tags. IEEE Sensors Journal, 2017, 17
(1): 185-193

Xu H, Ding Y, Li P, et al. Indoor localization using the
reference tags and phase of passive UHF-RFID tags.
International Journal of Business Data Communications
and Networking , 2017,13(2) ; 69-82
Wang J, Adib F, Knepper R, et al. Rus, Rf-compass:
robot object manipulation using RFIDS. In: Proceedings
of the Annual International Conference on Mobile Compu-
ting and Networking, Miami, USA, 2013. 3-14

Wang J, Katabi D. Dude, where’ s my card? Rfid posi-

tioning that works with multipath and non-line of sight.

In: Proceedings of the ACM SIGCOMM 2013 Conference



BEYEAE  — P Z R P eas E L R L

on Applications, Technologies, Architectures, and Proto- calization using virtual reference elimination. In; Pro-
cols for Computer Communication, Hong Kong, China, ceedings of the International Conference on Parallel Pro-
2013,43(4) .51-62 cessing, Xi’an, China , 2007. 56-56
[16] Miesen R, Kirsch F, Vossiek M. Holographic localization [21] Yassin A, Nasser Y, Awad M, et al. Recent advances in
of passive UHF rfid transponders. In: Proceedings of the indoor localization: a survey on theoretical approaches
IEEE International Conference on RFID, Orlando, USA, and applications. [EEE Communications Surveys and Tu-
2011. 32-37 torials, 2017,19(2) :1327-1346
[17] Parr A, Miesen R, Vossiek M. Inverse SAR approach for [22] Dobkin D M. The RF in RFID, UHF RFID in Practice.
localization of moving RFID tag. In: Proceedings of the Second Edition, Newnes, 2012
IEEE International Conference on RFID, Orlando, USA, [23] Chaves . W F, Buchmann E. Tagmark: reliable estima-
2013. 104-109 tions of RFID tags for business processes. In: Proceed-
[18] Du X, WuJ, Yang K, et al. An AP-centred indoor posi- ings of the 14th ACM SIGKDD International Conference
tioning system combining fingerprint technique. In: Pro- on Knowledge Discovery and Data Mining, LasVegas,
ceedings of the 2016 IEEE Global Communications Con- USA, 2008. 999-1007
ference, Washington, USA, 2016. 316-324 [24] I E , BHE, TiE. 2Rk RFID [ iEas I 2R
[19] Pirzada N, Nayan M Y, Hassan M F, et al. WLAN loca- ) B T Ay Hr. AR IR, 2011,21(11) :1190-
tion fingerprinting technique for device-free indoor locali- 1195
zation system. In: Proceedings of the 3rd International [25] Han S, Lim H, Lee J. An efficient localization scheme
Conference on Computer and Information Sciences, Kuala for a differential-driving mobile robot based on RFID sys-
Lumpur, Malaysia, 2016. 650-655 tem. IEEE Transactions on Industrial Electronics, 2007,
[20] Zhao Y, Liu Y, Ni L M. VIRE: active RFID—based lo- 54:3362-3369

A positioning system using multiple antenna readers

Cui Yinghua
(School of Information and Communication Engineering, Beijing Information
Science & Technology University, Beijing 100101 )
Abstract

The performance of RFID based positioning systems was analyzed, and aiming at their deficiency in positioning
accuracy, efficiency, reliability, cost etc. , a new positioning system using multiple antenna readers was proposed.
The new positioning system uses multiple antenna readers to expand one single reader’ s location coverage, and re-
alizes the accurate positioning of target tags by using the received signal strength of antennas. The multiple antenna
readers can avoid the signal blind area caused by the shadow effect by selecting the transmitting antenna flexibly.
Compared with the single antenna reader positioning system, the positioning system using multiple antenna readers
has the outstanding advantages in positioning speed, accuracy and anti-interference property.

Key words: radio frequency identification, positioning, distributed antenna, multiple antenna, reader
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