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A @ISR E XL, 70 HT 7 3EVE AR A D 32 4 R 2 S A 28 [ B AR 41 B 20— JE VR - X 2 FHL R 4 RFID
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PACS: 41.20.Jb, 42.25.Fx, 42.15.Dp
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JC U H = A (UHF) 5 45111 ) (radio-frequency
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S AL ma R AT T RS, SCR (2] 200 T BT
B Xt RFID 2 40 [ B 4% 1A 1) R AL 05 m, 45 T
HCSR 8 ) R B e A X TR, SCRk (3, 41 AT T
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5 15 2% R 2k 22 AR A8 B v HE DX 32 i i BEL e R
GEEARATAE KT 5 W00 70 A7, B H UURE 3 X K 2 i 42
FOFERERY, FHEAT 7 F0 AR, A S R AT R T
LR} A4 T 25— FE VM X 52 FHLRR 512 1) B A2 4004
TEPHIE AR ALY, AT ORI BR v 22, P e Y
RS .

2 B @ %4 T % JE UHF RFID % 4 ¥
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ARG UHF RFID RS aE 1 fis, RacE
0 DAy T 5 45 2 5 (1 T 1) R G S bR R 2 B T
(¥ S I SR e T I RO P, ) R R R A B A
L IIELAF T (CW); ARBER LI CW, 42 1%
Pt AR B B B b, bR AT AR
DB BEL BT i) FSCSHS T T CW, 4 i 7 5 48 5% (] 42 13
B, PRBEE R 3 R R G TAEIEE h H A 5 U
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K1 ¥/l UHF RFID Z 4550 R & K

AR B 12 s X 2 i &y NI ANH], JEU UHF
RFID 2 4t 75 A WO R A B 1R Pl 1 5 R L 1)
AR, A ) e A — MR Bt A [
B B HT R )T B 52 s K S 28 b 2 i) A AF A B
AR, BT B v D T2 2 AT DR Py, BB AS K
MR REH AN G (0,9), G (6,0), WK 4,
) D s R LR EARZE NN o, WA Friis £% 415 R,
PREER AL Pr N

Pt = P+ 10[logGr (0, 9) +10g G (6, 9)]

+ Lypath-f, (1)
FErPHI 1) BE R BRATAHFE Lpahs A
Lyatvt = 20 (log A — logd) — 21.98. )

BB bR R R KA BN Za, 71, 5 X hr%E
B ZE p A

p= (Za_Zl*)/(Za +Z1>, 3)

Hrp zr oz LRt T, WIFR 2505 i B lic oh &
Ptic—r j‘j Bl
Piex = Pur+ 1010g (1—|p[) “)
15&*{?%&}#?{@&&% Ptic—sen, I)—]\]J‘Zvl Ptic-r = Ptic—sen
IS, FRAEHE, R 5E AR
SRR B T A 2 e A S 4 A BH T 5
W R, B 1A U A ) B Bz = 2, Zi
IS, B2 SR BR300 0 i, pa, WIARRE R ZE S 1)
W Py N
Py = Pr+20log |1 —p1 |- )
B B A R AT Py A
Pr—r = Pt-b +10 [IOg Gr (97 (P) + IOg Gt (Oa (P)]

+ Lpath-b; (6)
b S n) BE BR BR ATV Lpaho A
Lpans =20 (logA —logd) —21.98. (7

ity (D—7) XA, B A B 2 Peceivea N 2
Preceived = Pr—t +20 [IOg Gr (97 (P> + IOg Gt (Ga (P)]
+ 101og AP + Lpah, (®)

o, HIE T Ap = |p1 — pof*s REHAEIRAE Loun
H

Lyan-b =40 (logA —logd) —43.96. ©))
(9) IR KRNy
Lpath:C+nXdlog7 (10)

b € =40logA —43.97, diog = 10logd, H124HE
¥ n = —4. B ()—10) 0T W, A 2SR, 47
e 152 R 2 AR N A7 AT B %A%, W JCYs UHF
RFID REZEM) Ly K diog EENER R, H Lyyn b
diog WK R BN —4. (HSZPR N P A7 AE 58
U I G A At PR I8 A% SR AL B R G B — R TR
FEIX 57 BH B 55 R R AR 6 RGE AR BRE = 2 5 m, HL
23y - HME ORISR 35 (1) G (6, @) I Ap 55
H, DR BRI T AR 2R 3 Y

3 F—FEFRXXMERARRBERLR
AR A

AR R B I - SRV, AR A SR I R
PP EAE— R B AR AR T IR . Fa st 7
PRI R 1R 37 9 H R Bl R A SR PAT T R
VRGN ARG IE R 7 A2, IR A H
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ri, ro, WSS n AEREIX R F, h

F,=+/nAriry/r, (11

SEhs TREH RS AR H X P R T 48
OF & R ACFLHE S B b A) T R 3 i AT ) )
MR EX AR Fo, 209500

F1 :\/lrlrg/r, (12)

Fo=F/V3~0.577/\/Arir/r. (13)

MRAE AR B XBE, T el 2GR H AR 2 R
(LRI R 20 R Bl BERY 1/2, Hi/hE
TLELIX Ay 2R G030 A WU 3 A A 1 1) 7 22 4 1 110
WOR G LG BAL 3 26— FEE H XN 9IRGB %
o A7) 5 L4 B 25— S DX 2 BHLBE I, AR 48
HARBURER P EBOR AL,

3.1 FEEESREXMEZRFENZN

P % A A A ol R P B S ) e AR e 5 B
G, YRS 5 R N T I, R ] R
TIeg R N Kl 3 pios

P AR R

A A

K3 AR H B SER BR R R

Bl 3 e s R 2k, b R b 1 400 B b s
IR By e B by FETRELARBR he A BG4 B e b
4 (5] TS A R 2 5 b A T e 17 e L) B, M R A ) I
AT TEL R T he < 0, )R he > 0; G IE
W2 R B i 98 R Lk BARSEELLAT 1N O [ g R
2k SRS S BERFYIACT IR B 50k d K ds. 1B E
25 ) e T) TR SRS RS TE R, B i g R 4k 4m o vl
il 8t 25 A 2 A0 1) VLI R S 4 S A By B E, IR
H¥ F(v) K 1
_E _(1+))

5= el 2larn s

HApgEEH - R REREH RN v=
—her/2(r1 +712)/(Arir2), T RFID 248 J)JE BG4
LEIAHE Laier N

Lgitr = 401og |F (v)]. (15)

A HAM®T h=1m h=05m,
he€(0,2)m d=2m,ds=1m, R LAEHEN
f =915 MHz, & XAHX R u = he/Fy, WK 3
IR IV BRI ) Laige BE u AR AL I 4 BT,
4070, 2 u < —1 B, Lo B w 98N 3 8024
b, BT 0, 32 BT 24 58 ol K B 5 il AR A 22
AQ =k x 21, (k=0,1,2,---) I, SE5F I K 5% [A]
1, |E| > |Eo|l, 4 A =k xm, (k=1,3,5,---) I}, &%
Ul B TS O, |E| < |Eo|, W Laee 9% 507284k
Mou < —1 B, RGARHE AR ARERL T B
(8], W Lagig 88T 0; M u> —1 0, REHE—AEEFIX
2 BHBE, W Laie B w 35T 24 u = —0.577 K,
I 1) B ST A 5 b 85 ) 1552 2 R 8 2 WA T L TRG
PR S A B B N A, T Lag = 0; 24
u < —0.577 I, 58 O A il 2 W0 B 2% A% A% 36 45 1F,
W Laige B w 34K PRI DD

diff/dB

Kl 4 SRR L BEARXN RBR u 221K
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3.2 [AiEER Rk EiR B IR IRIZRFERY

A0

R L B SR LT A A O R v s B B S )
RTINS, ik 2 AR R BERG YA R A LR
B e =& —j60AS, Horb & A AN A HLH KL S
AL TR, R B A o, WS s S
RHr 12

cosfB —ay/ & —sin’ B
rep)= (16)

cosf3 —Q—m/(C,‘r—sinzﬁ7
Hrp, B =90°— a, REAFRALKS a =1, HE K
I a =1/ BT 12 8 R 2 R AR K) EL 4T A%
PEBS N daie, SO BRATER BE A drer, WIZARIREG N 5L
ﬁl’-ﬂﬁﬁ Lpath j"j

n

1+ Z [Ti eXp(JA¢,)]

i=1

Lpath = 40{ logA +1log

—logddir} —43.97, a7

Lo, RW KA MBS E A =
270 (degir — dief) /A, ARG RE T

T = I'(Bi)dair / drefi)- (18)

B (17) AT, A LG (9) F1 (10) U B H 7% 1H]
TG, ZARIAEEN FLRHE S SR I 250, A
T Lpan M diog MENER R, AH Loan I1H I diog
PR ZPE R R, HOCHR [5] $2 4 JC i UHF RFID 3
Gon U B BR AR REAR Y Loan1 (d) M

Lpath-1<d) =m<do)+ 10nlog(d/d0)+X6, (19)

o n AR IREFR B, do I I 15 R £k F i
B E R LR KPR, Loan (do) M H HIZEE] R do
A AEARFE, X6 ~ N (0,02).

FH (19) 3R] UL, X OEE 29 % 1 B R B R ] o
RERANIE Loan BIEBE diog WK T FREE, 1A%
8 ZR G0 5 — AR VR B X SZ T FH R o R BRI R 52
W) SR Y FH A, 22 D 12 4 R 8 S b 25 i J8E — 5 i,
WA —FHACHIER R, RGH - FERH X Z
THIFHLRE, anl& 5 s,

h A AT R, R E SR Ay = h=0.5
m, € = 15, § = 0.005 S/m!"3, £ =915 MHz, & 5
JUAT G R AT A, T i g K2k Ehr 4 2 b 4 O 4k
A —JERE X 12 B = VAd/2, H2% F > 0.5m
I R G050 — AR VR HE X 32 Hh I BELRE; 2 X dp b R 4L

S5 FE TR - DX AN 32 i 18 FEL R 114 () 52 8% K 2k R AR A5
B KK, Wl Fy = h AT 4% dpyp = 3.05 m. 24
d<dp Fd>dp W, % Lpan N MV K
MV, JA—A 35— R X 242 ARy = Fy /b, W) Ly
K AF, Bifi d € (0.1,10) m Z24b 4 6 Fioi.

RRHE R X AR, B 4 R 2 22 b A8 1) HAL G
P e B ARG IR X AR % 12, W 6
H d <dpy B, AR <1, RGEE— SRR HIX R ZH
[ B, MVy B diog 3K R BRI AN ny = —3.47;
M d>dp B, AF > 1, RGH— AR HIX 2 i BH
g, MV, B dlog BRI BN ny = —6.44.

Vau BIRETX
A R 2 [ B R PR

ST AR et

B 5 iU A R R

—20 2.0
dp —>i
—40 /
Do, MV, /’I
8 60 1.2
NG D S R
B W ) 3
R \,\\K 0.8
~100 e 0.4
________ o= MV,
—120 0
=10 -5 0 5 10

6 BRIEHURE Ly 1% AF, Bl diog ZE1L

R, 245 — FE I H X 52 1 i BH R B
RFID 5 4t % 42 450 FE B [ 52 2% R 2 48 bs 25 [A) i 1
KNP B 24 J 25 08K, A HE U3 0 0 i 2 4
*%*Eﬂ Lpath-2 ?"j

Lyath2 =
ni10logd 4+ Xs
nllologdfl +n210logd + X

d<d
@<dn) = oo,

(d>dp)
Hrt, dpy = b /2 B,

BB A B2 M~ e=15 8 =0.005 S/m, f =
915MHz,d € (0.1,10) m, hy = 0.5 m, 244, = 0.2 m
S 1.7 m W, S T o Hh TS 2R RS T T 1K
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Lpath-1 X Lyatn2 ZeVERNAMZEBE dyoe 2L WTE 7(a)
S T(b) Frzns 24 he = 0.5 m I, Lpan-1 K Lpan- H
% o1 K oy Bl ke € (0.1,2) m AL Wi 7(c) fir
7~y B 7(a) KB 7)) T on Moo g 1 iR,

Ad,,, /dB
0 4 8 12 16 20
—40
—60
m
o
5 -80
3
=
Il I AN = P[P .
- Lpath-2 IE]UH E&
—120
—10 —6 -2 2 6 10
dy, /dB
Ad,, /dB
0 4 8 12 16 20
m
T
~
‘qn.
. Lpath-l IEIE EEE?%
— Ly EpE]:
—110
—10 —6 —2 2 6 10
d./dB

0
0.5 1.0 1.5 2.0
h./m

BT SRR A S B BB () B = 0.2 m;
(b) hy = 1.7 m; (c) o1, Bl h, 24K
t & 7(a) AT, 4 by = 0.2 m B, dfy = 1.22 m,
W2 d > 1.22 m N, [as R 2k R hR2S i il A 1
o AR FE D2 M LR, R SR AR B FERE o 1Y
RPN, A 0o < oy HE 7(b) AT, 24 by =

17 m I, dpy =10.37 m, B d <dyy, #8055
DXANSZ 1 T BEL R s R 2 AR IREE T Lpam (do) 22 (19) 21X
H Lt (do) FEAEERCKAMZE, 111 (20) TG Lpan (do) 1
e, WA 0n < o1 11 7(c) T, RFT Lpan-1, 24
e < 0.54 m W5 — S EE X 52 Hb [ FELBE J8 A 5 1
o) M ELRZE, th (20) XA, dpy Bl by B3
K, B — SV X 52 1 i FEL R 10 R B A 385 KT
I/, WO oy BE Ay B8ORS, H A = 0.14 m
N, o1 NE/IME 4.47; 24 he > 0.54 m I, T B84 5200
o1 M EEEE; H (18) 2NAT 41, 7 B dyir/der B K
TSGR, B Lo 800 BEBE Ay B4R TRIG K, G
o1 B he BRI K. X5 T Lopamea, HITKH dpy AE
hBFE R BRI W AT, BT BN R oy 1)
BRI, B oy BE Ay (3G RIMTEOK; & OPRUEZE AR %
Ac = (01— 02)/01, 1 hy BN, 35— FFEF X %2
BRSSO, # Ao UK, H4 hy =0.18 m IFf, Ao
NI KAH 90%; >4 hy BRI, 55— FE 1 5 X 52 BH RS
JEHED, Ao BN, H2Y he =2 m I, Ao /)
1 4%.

K1 Ly K Lpana 0 J2 o HEL

i /m Lpan-1 Lyan2
n (o] n ny 02
0.2 -3.16 8.42 —0.72 —6.33 1.04
1.7 —1.43 7.80 -2 0 7.46

4 EBHRERG A

S R HWE A 1) RFID &GRS &, 55
NI 2 %] 4 7% ) PCI-5640R IF RIO H4ii . PXI-
5610 S 4 LA S, PXI-5600 S 45 F A2 40+ K&
PXI-PCle8361 ik A&l detic k. 1 & Btk T
AT TC 2 M R, R iR AR E ) FPGA A58k 8K
BUAH G RFID FRAE SRR, JE&5 & B AR5 R 58
BT 5 07 A B bR 2 3R R 5 (1) S B g 1. )
F LabVIEW 8.5 A4 K FL s A 5 Jb B, 4503 43
B B R o S5 A0 OG5 5 A P T LAY, SEOLF & 108
Wil ZECE LRSS R i 5 BRI, IF
AL PTG A S . R [ /5 75 FAVITE 2
A ZE P71 FS-GA204 K4 ) FT-G1205 br4%, Hrp
FS-GA204 g AL TR R 2k, TAEA%K Jy 865—870
J% 902—908 MHz, 14754 8 dBi, JE# LLhy 1.18. 5L
KAE 6.5 m x 3.5 m x 3 m [{JFF % N IR BTHEAT, I
TR 37 1 A R S 50 VA% A TE HA RS A7), DAYR D R
DRI 22060 003 45 SR 00 T4, AR 18 4% K A 0 s 1 757
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£ ISO/IEC 18000-6C(-6C) AnifE. 47 B, 21
LabVIEW (WA A S 50k B R 2 HE: R4 L
YESZ f =915 MHz, {8 R R % Py =
30 dBm, Tari = 12.5 ys, ik 5 & PW = 0.5 Tari, if4
IR MD = 90%. H4 -6C FrE, 75 B %6 k4
Select 54 ; 5:£F 5—6 Tari &, K5 Query 84 bx
ZEMPE IR 1] RN16 J5, K 4F Ack $84; SkEUbR
% UID J&, K4 Req RN $5 4 7 hr % Handle
Wi J87, ) R 4 5 I R

4.1 FEEEREMRZINFERIF

SEIO AT B A0 3 Fros. ARl BRSO FT-G1205;
e 15 A R 2 B b 25 B b oy B 2 0 O by = 0.5 m,
he =0.5m, K FIEE K d = 0.6 m; JI RS 5351
0.2 em JEERB M 1.6 em 51 55 FEAR, B iS4 A7
T A R Lk AR Lk, H 5P s R AKCT ]
B dg = 0.3 m. WHAFEE HAR B A LA 0.01 m K
—0.39 m i1 Z 0.02 m I, 4 )8 i s BEARCIE T R
) R EEATIFE Laierr A Laigrr, MRZ5 R Wi 8 Py

16 e TIFERERL L
— %EL&HI
—21 -—- BEER Ly,
—26
o — 3 “03 o1

u
K8 SEATHUE Lo BEAHX AL u 224

H &l 8 AT WL, Laier o BE w 5§ KM, X146
JEBERFY), Laign /DT (15) 2N45 216 70 B4 AL B 41
WFE Laigr, 32 HT (14) 1 15) R FE ] 15 8% M
B 25 R L (WA T7 XS T7 Tm) 1 B i ) 3 THIAH
P L AURR I S BRI ) 22 428 RN ) B SR Ge S T
MIFEIA; 2 u < —1.3 W, |Laigrr | 88708, 3X 2 TR0
RYE R X R Z IR, R G S R
ANy M 1.3 <u< —0.577 B, Laiger Bl w B8 K 2 9%
LIRS 24 u > —0.577 I, Ly BB w 389K S HR
RN 2w > —0.05 B, AR RERE IR, 1X 2
T2 u< —0.577 i he < Fy, 1 (13) 2 & 4 7 40

B RGO A AP B AT A, IR S GE HiFE
P, XS T =S EMR, Laign B w 38 K2R A0
BN 2 u < =03 I, Laisn < Laiers 29 u > —0.3 I,
Laisr> > Lagiss, ﬁ%%?ﬁ%é%ﬁjﬁ%ffiﬁl\, T;"Béj\ Eﬁﬁﬁéﬁé}t
EH A7 30 2 1 B G ) Ak AL B, TR GG AR AR AL
BN, B u > 0 BERGEALEE 42 58 A BH IR I, AR
50T 58 e R . S B I FH RS A 5] 15 gl R 4%
MBREEAT B AR B AR BRORT 1.5 £% Fy, BLs
G BRATTURE X RGEVERE IR 5 0.

4.2 FIEIB[REEIRE B REX EEIZRFERY

Al

SEIOAT BN S PR, B EEas R gk bR 28 Fh b
I EEY BN he = 0.5 m, he = 0.5 m; K1 H B2
XPFRR T R AR AR 2, JLUEIRAE A 915 MHz,
Hg5 ok 2.15 dBi, BEBELL/NT 1.5 W B 5 A% R 2k
BRI d LL0.05 m KM 0.3 m BN %
4.5 m I IR R GEBRAT TG Loan, MRS5S UNE 9 Py
7R, Lpath-1 2% Lpan-2 1 n J2 o Q136 2 JiiR.

Ad,,/dB
1.2 32 52 7.2 92 112

—15

—25

\\\\\\

—35 SN

L,.n/dB

== Lo
P S
-0 Lpath-l ‘. !
— Lpune ‘l'\v'
—55 J
—4 —2 0 2 4 6

diog / dB
B9 R B Ly BEIFIEE diog 221E

HP 9 T, 24 d < 1.8 m IR, b THDAUS 2R A5
T ) AR BRE N T L, XA P e s R 2y
5 0 B T8 TS S S I A P e B AR A
A, W T RN AR AR 19 2 g > 1.8 m
I, 1 T USRS e 9 O 1) B AR 4R FE KT L, X
Ji R T IR IS At i e S R A, B R ) S B A R X
Lpan 7 BB W, 13 RGBRARHUE ™ A BRAR
;2 d =3.55 m I, Lyan A E/ME —54.2 dB.
(20) XA, dpy =3.05 m, B 8 1 d <3.05m
I, Lpan D FEHEEZECNE; 2 d > 3.05 m I, B i3 4%
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REL R AL A 2R AE I H X SZ B, Loam
B BRI Lyan I dpy AE R ARG AL,
K OURER Al iR 3R Ge B A AR FE (R BORE SR AL, T L
Lyan-1, PHEZEIR/N Ao = 11.99%. T ZEHR H 12, 52
b L FH R 22 AR N, Lpaan JRB2 R S8 TAEMER, 7]
s SR 28 R MR R I B A6 N M 4 45 PR 3R
Wi, #4 Lpath-1 " Lpam (do) FHELSE B I B W) REAF A
B 22, BETTHEK 0.

K2 Lpany K Ly 0 [ o HER

Lyuthe1 Lyun2
n [¢]] ny ny Oy
—2.14 2.92 —2.32 —4.07 2.57
ST
5 élﬂ l@

T RFID 4055 i 7l 57 B Y Je HE Vi B X 2
V8, AT T AE VR HE AR B % [ 152 2% K 2k 2 b 2 ) P AR
1t R GE AT IRE OS2I BRASB St 5 R %

B, 1123 ) R G A2 1ORE B B 29 %
—4 MK R, SN Z IR N REBRAHFET
Af SR PR R I 5] TS A R 2 2 R s W R 0 A 4 2 —
TR ELIX 52 BB 7 A B I ke, 89K R AR AL T
B R, AR H AR BN T 28 — JE R X 42 1.5
51, J)IEBERS Y 2R 48 A B S BN, =
IRBE T, AT LA 0o B 25 i A2 BFE AR, AR AR
HH R SRR A AR UE 22080/ 10% LA _F. AR SCor#T 1)
SR IREAE F T 50 7) TR B ), 31X 2 B X F
ZUENETE, 155 TRtk — MR, HoxfE Bl i =X
H b B B SR IORS A 1) — 1k BT HE
LR AR A RE AR TR T AR AR LA R FH PR 3 B i
RS, HL 28 5 AR e R AR A I 7 o A 7R 2
BT IE. F 0 TAER S A AL RS
JEJ§ UHF RFID REuHs s, WF9T 2 06 J AR J) TR BEAG
W%t R G0 AR BRE 1K R, B HOE PV R 1) g
S BRI RE 2 BT 7 1% d5 A g M g i, B A
TV ) R G M AR BB AR,

[1] Ruiz A RJ, Granja F S, Honorato J C P, Rosas J G 2012 Proc. IEEE
Trans. Instrum. Meas. 61 178

[2] LiB,He Y G, Hou Z G, She K, Zuo L 2011 Acta Phys. Sin. 60 4202
(in Chinese) [45J%, [ 1G I, £ 8 [, &IF, #E4 2011 P EL7 4R 60
4202]

[3] HouZG,HeY G, LiB, She K, Zhu'Y Q 2010 Acta Phys. Sin. 59 5606
(in Chinese) [f5J8 [E, 16N, 2555, S3FF, 2R 2010 PJREE4R 59
5606]

[4] Nikitin P V, Rao K 2009 IEEE International Conference on RFID Or-
lando FL, USA, April 27-28, 2008 p117

[5] Skai, He Y G, Zuo L, Fang G F 2011 IEEE International Conference
on Electric Utility Deregulation and Restructuring and Power Tech-
nologies Weihai, China, July 6-9, 2011 p1441

[6] Karthaus U, Fischer M 2003 [EEE J. Solid-State Circuits 38 1602

[7] Lazaro A, Girbau D, Salinas D 2009 Proc. IEEE Trans. Antennas

Propag. 57 1241

[8] Wang H G, Pei C X, Pan Q 2009 IEEE International Conference on
Wireless Communications, Networking and Mobile Computing Beijing,
China, Sept. 24-26, 2009 p1

[9] Nikitin PV, Rao K V S 2009 [EEE Trans. Ind. Electron. 56 2374

[10] Lee W C Y 1998 Mobile Communication Engineering: Theory and
Applications (2nd Ed.) (New York: McGraw-Hill) pp140-143

[11] Goldsmith A (Translated by Yang HW, Li W D, Guo W B) 2007 Wire-
less Communications (Beijing: Posts and Telecom Press) pp33-35 (in
Chinese) [FF 48 S0 % 125 (Wi 3¢, 2 AR, 5530 %) 2007 ToLkid
& AbmT ANRHSH H L) 5 33—35 1]

[12] Feuerstein M J, Blackard K L, Rappaport T S, Seidel S Y, Xia HH
1994 IEEE Trans. Vehicular Technol. 43 487

[13] Xia H H, Bertoni H L, Maciel L R, Stewart A L, Rowe R 1993 Proc.
IEEE Trans. Antennas Propag. 41 1439

144101-7



#) 38 % 3§ Acta Phys. Sin.  Vol. 62, No. 14 (2013) 144101

Analysis and measurments of path loss effects for
ultra high frequency radio-frequency identification in
real environments™

Zuo Lei"?™  He Yi-Gang)? LiBing!? Zhu Yan-Qing? Fang Ge-Feng??)

1) (School of Electrical and Automation Engineering, Hefei University of Technology, Hefei 230009, China )
2) (College of Electrical and Information Engineering, Hunan University, Changsha 410082, China )
3) (National Key Laboratory of National Defense Science and Technology on Electronic Test and Measurement, Qingdao 266555, China )

(Received 4 December 2012; revised manuscript received 6 February 2013 )

Abstract

Based on the principles of radio-frequency identification (RFID) technology and Friis propagation equation, the path loss ex-
pression of ultra high frequency (UHF) RFID in free space is provided. The Fresnel clearance and horizontal interval between reader
antenna and tag are employed as dependent variables, and then the obstructing effect of the first Fresnel zone on path loss is discussed.
By the methods of linear regression and minimum mean-square error, a dual-slope Logarithm distance path losses model is proposed.
The path losses of UHF RFID under different parameters are measured in open indoor environment. The measurement results indicate
that RFID system experiences less fading when the Fresnel clearance is 1.5 times higher than the first Fresnel radius. The standard
deviation of the proposed model with two slopes reduces ten percent or more compared with that of traditional logarithm distance path
loss model.
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