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ABSTRACT

In this paper, we analyze the active RFID systems ISO/IEC 18000-7 and ISO/IEC 18000-4. In order to
improve the coverage in sensor networks, which consist active RFID tag, we propose RFID multi-hop relay
system using active RFID relay tag. To compare the performance between the existing ISO/IEC 18000-7 system
and the proposed RFID multi-hop relay system, we introduce new system efficiency measure and
sensitivity-based measure of achieved coverage. Also, we analyze the performance of the proposed system and
compare it with that of the existing system through MCL (Minimum Coupling Loss) analysis and SLS (System

Level Simulation) analysis.
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T2l 11, 2ltelA<] RxBF.
Fig. 11. RxBF at reader side.

RxBF2] Array Gaine A$E 439 44l
Multiple Replicas®5t o2} RxBF 7}15*]ef 2
Antenna Direction®] W3}25E] JoJx]+= ZHZo]
I k. aF 112 #r]elMe] RxBFE HoiF
ek

Switched Beam Array Gain<-

e 5 gk

lﬂ 4 r;’L i)

2 6% 2 O=

UL = Array Gain = 10log;o(M)+ Directivity Gain (5)
DL = Array Gain = Directivity Gain ©)

1714, M grelue] S vehdcel A (5)9
Directivity Gain- 2] (7)3} 7131—01 vehd = glom,
1670] Zello] ez, Beamwidth7} 22.5°% 7%,
6.57 dB 3t Z=th

Directivity Gain= IOloglo(QA/I%)dB )

A7IA, A A @)= L& 5 sirk

6 =cos™"| cos, — 0.443i —cos™'| cos @, + 0.443yi
Md Md
®

o]7]4] Gp= Maximum Radiation®] Direction<
vehll= REe®, Broadside®] 90°%te w3k,
0.5829] d/Azks & 7 sk wehA, duElE =9
Switched Beam Array Gain 479] e} 845
7 79, 1259 dBolx +EkR)=9] Switched
Beam Array Gain- 6.57 dBe|th

4.1. MCL —E—

3% 2+ A AY, JElL} ]S, Switched BF QHe]l
v} o] 5]l ‘E}E]r e&% RFID 2|t], o] el %
27} Sensitivity FH-S- SR QX712 S 78 A3

ok

318

H 2. Sensitivityell 23 MCL #4743} (2472] : m
Table 2. MCL analysis result on Sensitivity (Coverage : m).

Auleka) = sHekE A
2] - o] H1 198.491 131.550
ddo] e - g2 26.196 26.196

E 3. gl F ol wE ASAL ¢ A28l 58
Table 3. Transmission time and system efficiency
according to the number of relay hop.

1-hop | 2-hop | 3-hop

Transmission time 25623 | 5.1246 | 7.7442
w.o. Collision (s)
System Efficiency (%) 100 50 33.09

Transmission time
w. a Collision (s)

System Efficiency (%) 100 50 32.86

2.6246 | 5.2492 | 7.9884

7]& %3 RFID A]2~H2] 2127]g]E 131.550m
o]xut AlgkEl RFID HE]E o] A€ Alg
e A9, 71E 553 RFID A2#Br} 2-hopd
26.196m7} Z71 157.746m, 3-hop> 52.392m7}
Z715l 183.942m XA B S zkeT)

RFID HE]E doo] A|xw] A1 &8 A
O)FF Aol Ao 5 girk

1 Hop Transmission Time

*100(%)

)

F 3e Welo] F 5ol wet dloly] Ak}
Alzgl ZE8E vehla glvk & 3024 Helo]
F 7F Z7Kdel wek 27.7 kbpse] 32 djelE]
AEES A7) 913 dlole] AEA7be Z7el
ue} AlLg] Ggo] Ahashe s #ld 5 girk

System Efficiency = — -
N Hop Transmission Time

4.2. SLS EA
# 49 % 5= #viek "] S

&3

Sensitivity 7} ZF

-80 dBm3} -75 dBm<¥ w Julekul=el Hukeke
=29] AAARE T3 Aotk F %E wlwsfr
s = W o g XA E 2 s B
7} ek

¥ 49 £ 5 m%

o] § 5 F7lell wet 14
7] =gk %ﬂﬁF e el &

ShadowingS F&{3kA] 92 SLS 47 MCL +4
& 53l ARl ARl Rolek A, R
S| Alo] 2 ]late] ofzke] expr} HhAslsich

www.dbpia.co.kr



=1/ ISO/IEC 18000-7 433MHz 5-%3 RFID A|~€l 7]uke] 1A Ag] dAFS 913 HelF do] A|AH

E 4. k=l AR m).
Table 4. Coverage of reverse link (m).
Nr. of Ww.0. w.

Relay Hops | Shadowing | Shadowing MCL
1-hop 198.570 168.105 198.491
2-hop 224.767 190.283 224.687
3-hop 250.964 212.461 250.883

Relay Tag | ¢ 197 22.178 26.196
to Tag

E 5. s a0 AR m).
Table 5. Coverage of forward link (m).
Nr. of Ww.0. w.

Relay Hops | Shadowing | Shadowing MCL
1-hop 131.594 111.428 131.550
2-hop 157.791 133.610 157.746
3-hop 183.988 155.792 183.942

Relay Tag 26.197 22.182 26.196
to Tag

28] 123 2]t]9] SensitivityS -85 dBmellA] -70
dBm7HA] W3iA719 A QA E]e] wWEle et o
2oy, 1% 13 B2 SensitivityS -80 dBmel|
A 60 dBm7HA] W3A7|HA] QlalAE]e] HWsE
T3 ™ot} F a3 mE o] F 5 Zlo|

23l QIXAY =)= Eeld 5 giv)k a8y F

25 v|3IS 79, Sensitivity W3}l wE Q1A
SECR R FEEE PR B
QAR ) elme AAHel AlsEle] 3]
S ER ST

Aol s

Coverage [

Reader Sensitity [dElmI
T2l 12. =Y sensitivity 3ol W QlalAE|e] W3} (o
Wk =),
Fig. 12. Coverage as a function of the reader sensitivity.
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T2 13. ®lL sensitivity HW3sol] w}E QlxA=]e] Wkt
=)
Fig. 13. Coverage as a function of the tag sensitivity.
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