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Logistics radio-frequency-identification network optimization based on
robust particle-swarm-optimization under uncertain conditions
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Abstract: To deal with the logistics radio-frequency-identification (RFID) network optimization problem when the
position of the electronic tag is uncertain, we build a robust optimization model in which the coverage rate, the load balance
and the cost is considered. The Monte Carlo method based on Korobov Lattice is applied to calculate the load balance.
A sort of robust particle swarm optimization (PSO) algorithm based on asymmetrical time-varying sigmoid function is
put forward to reduce the computation complexity and enhance the searching ability. Only some small integers and large
integers are employed for the sample size. In the anaphase of the algorithm, the expected value of sample size is large,
thus the exploitation precision is ensured. In most other iterations, the expected value of sample size is small, thus the
exploration speed is accelerated. Simulation results show that this method possesses better searching ability.
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1 5|3 (Introduction)
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TS E AN DO TR GO, S — P 2 I
BIE. TR [9VFFT 115 AL B (P AN e S 0T H s e
A7 AEREEIR 520, 5|\ K IR KRy Voronoi B 1)L
{A] ZE R BEAT SR AR, SCRR [10—11]14F A& Ji 8% I8 S ve FE AN
e IS O T, EA7 T MR B AR H H JrN T bR
BT B AN 2 FIRFID 4 AAL I 5T IR R 2.

AR TR ANf 5 3 1 O, AR ST T
RFID M &8 G b, ST T &0 i A A AL X 47
BT 1) R, SR S RIS R 5. e m Y
IR, FETAKFRIAZ Sigmoid PR EL, Wit T —FhE
A FRREAR AL IR, A AE ST AR G WA, A A R 2R
THECR, B2 B E T PIREA B B R, X
FERSUT RO T BR 2R RN F R R . Il &1
VL, Bk T AR SCHEH IR FID W 25 S oAb 7 vk
2 AwEtEO T FPFRFID M 25 AAL ) &

(Logistics RFID network optimization prob-

lem under uncertain conditions)

1E— AN FERFID M 45 T b [X 35, 7 N A B 7 b
2%, ATHRAIL ) 18 1 B R A N, [ AR FRTS2
2420 R I B 24, S50 B S 2% (1) AR b
(s, yL), SBI AN TAREE AR A (), yd). FBUE
Ne /I8, 24 ASNg = {1,2,--- , N}, &
SNy = {1,2,--+ , N }. WEEA B 52 4% L 585N
FREE A

d(si.05) =\ (- o)’ + (w8 — 1)

2.1 Z& % (Coverage rate)

TRBARSAL B A Ja R R, A4 Ry,
SR [10-11], 55028800 56 7 AN AR 28 1R
GIEADS)

ey

reader;; =
07 RR+RT gd(siaoj)a
1, d(si,0;) < Rg — Ry, (2)

“AarPra P24
e( 101 1 2)7 ;H\:/fm’

o g RT—RR—I—d(si, Oj), ay=Rr+Rr—
d(si,05), M T, Br, Bo, M A AR K & 2
i

A TRREEIN A 35 R ) R
chb=1— T (1—reader,;).
1€ESNR
S AN [R) ARSI A1 (1) 78 i 2 /NS LA Y, 2%
SCHR [2], KD RFID 458 78 1 R R A
100 ;
= cl,.
h=75 %,
2.2 4 (Load balance)
X T A 1) R, 45 R FH LA 0 A i, BN &

3)
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A WA AR RIS, ST AL BB A .
AR I GERE-RISRAE T
A5 I LT RR A AN Y ] PN B AN SRAE 0
Kol (27, y'%), Hi B o 2% RE IR hol, Fﬁreadergj
= 14K, 75 W freader], =0% /8. k=1,2, -+ | K,
K JRRESAE, A5 SK =1{1,2, -, K}. MRp+
Ry < d(s;,0;)8Rr— Ry > d(s;, 0;) I, A HEEH
(5)3f5reader’ i
reader{j _ {0, Rr + Ry < d(s;,0;),
1, Rg — Rr > d(s;, 0).
URp— Ry < d(s:,0;) < Ry + Rultf, WX
#ik [12][F)-Lr P (concentric map) J7¥2:.
X T B O T AR S st R B [, 2 ) 0o L 7 9,
PR R AL BRI L
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P IV e AN LY i)
(z,y) = (rcosf,rsinb).
ASCEERTER jANHL AR, B B,
(z,y) = (z], + Ryrcos b, yl + Ryrsinf), (8)
Hey, e X TR0, 1) HH I AT: 0 S 4, 3 Bl HLEORE V2%
A 45 SR ARG AN v, AR TR FH — R A A 22 KA —
Korobov £ F(Korobov Lattice) ¥k 4 & 7 o 22 ) 71
5K . Korobov s B KLU 4 P, = {%(1, a mod n,
e 'modn)mod1:i=0,--- ,n—1} N ff
KFE R UMERIRE, fla = [/n].
25y (a4 — )" + 0 — ) < R Mreader], =
1, filllreader]; = 0. A3 fover), &R 55N HL 75
ST B AN T Y N B SRR R B B ) B S

)
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0, > reader]; <1,
/€SN
der],—1 5 dord 2. )
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" B(t
& 1 pln,t) = S —
fr= 11 - -. (10) 1+ exp[-A(t)(n — —5—)]
JESNe 1 + — N over,

keSK
2.3 JEA(Cost)
A7 FH [5e] 152 28 2 i 2 S M RIFID I 284 A ) 2 2 1A
7, ASCHA A DR Y)ARFID R 2% ) A
fy = M_ (an
Ninax
24 AHEEHT KPR RFID M LEA
(Logistics RFID network optimization model
under uncertain conditions)
ZR5 2% TSI RFID M 2 1) 75 5% 26 L B4~ A 1
FE AR, #E A RRFID I 2 B AR LA B, H A ik
max [ = y1f1 + 2 fo + 73/3, (12)

Hryy, v, v AR ZREL, v+ v2 + 753 = 1.
LESRAT I (R AT — [ 52 2% 0 ZUE )R RFID M 2% it

AR XS5 . AP RFID I 2% i b X 4504 A, AT A T 85

A

(z5,y5) € A, Vie {1,2,--- ,Ng}.  (13)
ARG~ O)—-11)(3).

3 BT AN FRIT AR Sigmoid B B K & A AL
77 (Robust optimization method based on
asymmetry time-varying sigmoid function)
FEYIFRRFIDMZR AL, 2 R ARV, 412

AR P PR SR AP A2 R v B, DRI — 35

Iy VSRR, R SR IR SRR, AR S

iR [ 1412 T~ 1N A2 Sigmoid bR 5 (1 4 BEPSO 512 (robust

particle swarm optimization algorithm based on time-
varying sigmoid function, RPSO_S)I1J S fili I, $& i —

T L T A BRI AE Sigmoid bR BT SRR ILAL T 78, K

SRABAN E TGN (P RFID W 25 (P RE . %

JE BB AR T LOIIPRAR R A E, B AR

A LASE s A R B, A SO I P AR A RSB 2>

BUINEEE . A BOEEL, Tt TS ik, INAERR

AU LA — 2 ARBUR R AN 2, DAARAIE S

IR GIRISENE. X — D T ANERHE R

3.1 FETHA Sigmoid BREIE R PSO Hikl4

(Robust particle swarm optimization algorithm
based on time-varying sigmoid function)
LT AL BB AU N, S =1,2, -+«

N; e KIEARRECAT, Sy = 1,2,---,T. LLSigmoid

PRECH R, AR EAS I 18R

Hrp:n e Sy, t € St, p(n, t) B HERFEA RN
iR, B(t) = 2/N, A(t)Hh
1

—0.5), (15)

1+exp[—C(t—¥)]

Hrp: C, D¥iZ4L C > 0, D > 0.

3.2 EF AR ZESigmoid B B K& HEPSOH
#%(Robust particle swarm optimization algo-
rithm based on asymmetry time-varying sig-
moid function)

RRYEH 3R LB EER, Sy AR L8
BN — BE K B, DR ORS8Ol Sy = {IVq,
Ni+1,--+ ,NoJU{N3, N3+ 1,--- Ny}, Hr: Ny,
Ni+1,-+ No#/IN, Ny Ny +1, -+ NJBER, Ny >
Ny, Ny — Ny = Ny — N3. [Fli, s4) W34
B(t)

LRI Al e sy 13y v
o
N, = N ; Ne. (17)
ik, R(5)
At) = D( ! —0.5), (18)

1+ exp[—C(t —t,)]
Hrp (T +1)2 < to < T, AR A BNMIAG
it %, vl LAg/ b TSR IXRE, 1 Sigmoid o AU &
ANKITRI, A SR REA RS2 IR 7 10550 B KPS O 4.
TEIR A T A BRINF A8 Sigmoid B K5 & FEPS O 5232
(robust particle swarm optimization algorithm based on
asymmetry time-varying sigmoid function, RPSO_AS).

L RPSO_S—#¥, SxH 4% J0 3 0k A A FLAE )
MR 2 FNNA T, B

> pn,t)=1. (19)

nESx
3.3 B(t)HJilH (Calculation of B(t))
FAAT IR [14], AR,
O(N1 —14+n,t) +o(Ny+1—n,t) = B(t),
(20)
Hrn=1,2,--+ ,Ny—N,+1. I AN, — N, =N, —
N,
> @(n,t) = (Ny — Ny + 1)B(t). (21)

neSN
VL) CADEIEE;
B(t) = (N, — N, +1). (22)
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34 B A BB 3 2 {E(Expected value of sample B(t) n® —ng N, _ B(t)N22 — (N, — 1)2 _
size) 2 Nl , 2
1) 26, — T ~ TW. L N -N-1) NN -1
21, — T ~ TP, 20 TSR 141, WTLLKA Mol 2 .

E(t) = (N, + N,)/2. (23)
2) 1~2t,—T— 1.
SUIEUR/ I DR 5
E(t) = > np(n,t) =

neSN

2 el

INZ nB(t)
N 1+ exp{— A(t) [n —ng}
nB(t)

J rewtAwm apt @

SIS E R SRR BTN IRANE], SEE A

’;‘E'*EI/\

1+ exp{—A(t)[n — ny]}
B(t) f 1+ eXp{—A(t)[n — ns]}dn =
ig; jdn In{exp[A(t)(n —ny)] + 1} =
B(t) A(t)(n—ng
m{nln[e () ) + 1] _

fln[eA(t)("’”s) + 1]dn}. (25)

H 2RS40, 4t << 05, A(t) < OFL|A(t)|%
KHUNA{N,, N, +1,--- , Ny} AR, n —ny < 0H
In — ng|B K. ILA(t)(n — ng) > 0HBK, FH I
K, XHILA() (n — ng) > 3(e® ~ 20 >> DI, AIA
A

In[eA®G=) 4 1]~
(

In[e?® =] = A(t)(n — ny), (26)

24 A

iég[n/l(t)(n —n)) = [ A®)(n— n)dn] =

B(t)[n* —n-n, — [ (n = n)d(n—n,)] =

B(t)[n* —n-ng — (n —2ns) | =

BT
MINFE{Ny, Ny + 1, , Ny} AT,

sz nB(t) dn —
Ni-1 1+ exp{—A(t)[n — ny]}

i N 25 {Ns, Ny+1, -+, Ny} W, n—ng >0 H
I — ng B/, BHEA(E) (n — ny) < O H 36 200t i %
K, FEEAE A, RS A(E) (n — ny)| > 30, ATAK

ln[eA(t)(n*ns) + 1] ~Ilnl = 07
By
Na nB(t)
dn~0
INS 1+ exp{-A@®)[n—ngt
ES]lie

E(t) ~ (N, + N, — 1)/2. (28)

3) 1 ~ THIFEA RS A,

R4 2 (23)(28)F, 24| A(t) (n — ng)| > 3HLT I,
1 ~ THIFEARSH G

E(t) ~

No+ Ny —1

=

N+ Ny (2T — 2t + V)T =

2Ny — Ny + Ny + 1

2

W}/T (29)
ity = (T +1)/2, 102915 RPSO_AS I E(t) =
(N4 + N1)/2. RPSO_SH, E(t) = (N + 1)72U4. X}
M RPSO_S 5 RPSO_AS 1 Sn (7l WLEE3.1715 | £53.2
A5), W41 RPSO.S H(#)1, Ny 3%t RPSO_AS H [
Ny, N,. B, #RPSO_ASHt.H(T + 1)/2, RPSO_AS,
RPSO_SH 571 B (t) /&5

1M 553.2°1 1] SIRPSO_ASHit, > (T + 1)/2; 73
A, 3R T g, HHAMSHAAR, B (t) 4 bt ff 58
TR AN T Ny < Ny). RIAE S 5060 WA [
[FESL ~, RPSO_ASIIE(t)/NTRPSOS.

3.5 4 W 4 ¥ (Analysis of parameter con-
straint)

B A, RS W, B ARRE e A S
E(t), MR A AG R B 5. R T, ~ T
(T > toWf, E(t)—HRm, WS 347524,
Bk

(2t,—T —1) +

|A(Ty)(n —ng)| > 3, (30)

il
Iij 3

In —mng|

|A(T2)] > 31
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i 553.279 2B 1B & A7) A 410 < Ny —n < |n—

nel|. 41
3 3 6
|A(T2)‘>N3—ns:N N2+N3 :N3—N2
D)
(32)
oz, MG D HE O, #aRA8AK32), B
1 6
D - 0. .
(1+eXp[—C(TQ—tS)] 05) > N3—N2
(33)
QRIS
f < Tp+ ~Infl 12 . (34)

C Y 64+05D(N;— N,)
J3 AN, A [TE[L, t) 0 A i 2 ok e 2, 76
[ts, TN A 51 36 189 e 4, ) el =R @31 T 45, 4t € [1,
o, — T — 1]
|A(t)| = [A(2ts =T = 1)| =

A(T) > |A(T)| > (35)

‘ - s‘
) 553.4715 :(28)— QI 4% 1| A() (n — ng)| > 31
SEROT. B, R AT, 30(28)—(29) AT

TEEES R E R, v LUEWE ST, Ny, Ny,
N3, Ny, C, D, Ty, SRJEARE R 34) U5 H ¢, [RVE 7
i t,. MatQ2)ki, FARIA(L) matA8)k .

3.6 S E SEHI(An example of parameters set-
ting)

MT =20, C=1, D=1, N;=1, N, =3, N; =
18, N, =20, t, = 14, T, = 1715, W /& 41 X (34).
o(n, t) bR SL U EN TR, B (t) BRI A
fhfasan &2, =20 %0, GRS WIREA T
BN /0N, RUBER IR K, FEAS BT SR A1 2
K TR ZIEAUE D, FEATURBLNINER R, RUBER
[RIRE /N, FEAKIBIA B AR /N, 5 583 5 1 B
wwy s

0.35

030

025

020

p(n, 1)

0.15

0.10 [

0.05 |-

0.00
0

t/ AR
K1 o(n, t) ARSI
Fig. 1 Change of p(n,t)

AEHE RS AN R T AR R S SR 4 Ak 323
20
RPSO_AS

15
g 10

5 L
0

0 5 10 15 20

t/ R
2 Bt
Fig. 2 Change of E(t)

FEA S AT SRR IR AU TR, 4R 5 sk 3L
B, 3k 19 E(t) = 7.6123; 1 #R #% 30Q9) i 5 nl 15
E(t) ~ 7.35. A W B L.

3.7 RPSO_AS5RPSO_SHIX 5l (Difference be-
tween RPSO_AS and RPSO_S)

RPSO_ASHRPSO_SIHI X I, HEAE TSy Ht,. 1E
RPSO_S', Sy={1,2,---, N}, t,=(T+1)/2; RPSO_
ASH, Sy = {Ny,N; +1,--- ,No,} U{N;, N3 + 1,
s Ny b (T + 12 <t < T BRI (14) HORTFR
i A% Sigmoid & £ A% Ay AN %) Fk I A8 Sigmoid B £ =
(16). RPSO_ASTEAHN D> AR Kty ~ THFEAR
TR SR 5K, FEARXT R Z 150K ~ t P FEA
FUR R /.

RPSO_SH, # N = 20, I fth = % 5 RPSO_ASHH
M, E(t)bEtAZ AR A K25 s, v ILIEARRT
1, RPSO_AS [ Ff A #L AL /N T RPSO.S; % AX J5 1,
RPSO_ASIFEA T K T'RPSO_S. RPSO_AS i F]
IEARHTIH I BRAR R B, IEA T I S TF R KRG L. )
4h 0] 3k 4 RPSOS ) E(t) = (N +1)/12 = 10.5>
7.6123, A] WLRPSO_ASHH I8/ T, 98/ T .

4 54151 (Analysis of examples)

E30m x 30 mIRRFIDIX 3, P, AL 41 100
ARFID HLFARSE, T2 0t B 128 1K 5 KB Niax =
20. VR BN A2 Ry = 5 mbS), B RREE AN
EE R =1m RPN =1, A =0, 61 =1,
By = 0.5 ZEMIRRFID M 2% R G5, 78 s b5l
L, FIR S BCPHTRE L, PR 4% AR, 25 TS 217 15 %
ARG BUH R (B T2 R 50K, TTREAE802 B90%, 1 fit
BOTHTFESE . Z AR N T4 1), K12)H, By,
=0.09, 7, =0.9, 75=0.01"].

K SCHR 11611 )5 46 58 7 < 2 5 ¥ (crude Monte
Carlo, C-MC). 8l 5 i < ¥ J7 ¥%:(quasi-Monte Carlo,
Q-MC). HR[14]/JRPSO_S. A X [RIRPSO_AS*} It
RFID W24 AT GX JLRP 7 17, RFID M 4% 1) 75 i
R Q) — (@)K, BB T D R, 7T
i R B K H SR 7). THEEHLIC B A “Pentium
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Dual 2.00GHz, 2GHzN 17 7, 4% 72 1. 2. JYMATLAB
703X JURPITE M RIARM = 20, IEAIRET =
100. C-MC, Q-MC Z: % ¥ &. [7] 3C#ik [16]. RPSO_S,
RPSO_ASH!, w=0.729, ¢; =c, =1.49445; FFAKi 1
Gl A3 X Niax, BN FEEEA 3N 0D REAAKR . I
AR AT A0, 12 A1 sS4, K F0.5WR H, 75

X JUR I3 00 E ST 550K, 34T A I AL 45 R
V- 383 45 3R 43 3] in 221 =2097 75, 3L ' RS(random
sample) A BEHLHIFE, foP @ REASRIAE R 10001 i ah 52
R R T R AT A5 Y. BT R R O N
ffJError( f<<P) i1 3HT7K. RPSO_ASHR G et 4l H
B3, o “7 BB, R ACARRAE, K2R

WA R H). RPSOASH, T, =80, t, =70, Ny = NBdias iR UTa i, AL A 2 VE L
Ny =8, N3 = N, = 40, Fikh HAb S8R 553.679 304—
(2 2R (34)). $5:2029) AT 13 E(t) ~ 17.565. w2

AEIX UM RIS B X LRIV
E(t)3A—50. % [E FIRPSO_S. RPSO_ASH %+ A 20}

25

FIIZE B B T MR LT SL(RPSO_S A/ M A .
BEI% % TRPSO_AS), C-MC- Q-MCI{IR: A BB HL >

20; RPSOSHE(t) = (N + 1)/2 = 17, W 5 K B¢ A 10
BN = 33. 5

Rk — DI A SCEAAL 72, RIS F S 3
i i 15 A SR CRE A S AR A0 A ) 55 RPSO_ASAH [F]
(1), AR GA_ASE ) AT TS GALASRH X/m
B X B)5)8  E, A CRHN0.7, A8 S Kl 3 RPSO_AS3 1 ia RFID P44 /1< 7 4]
H70.01, HoAh % & [FIRPSO_AS. Fig. 3 Diagram of best RFID network obtained by RPSO_AS

1 SHE ik AR L bl fOP
Table 1 Best results’ f°*P of five methods

C—MC Q-MC
RPSO.S GA_AS RPSO_AS
RS SQRT  SOBOL Korobov Lattice
Vb S 83.9048  86.6495 87.1916 86.3795 89.6678  89.8475  90.9694
ik R Ey 0.0453 0.0663  0.0546 0.1208 0.5208  0.7056 0.9065
PR 2 Jl A 0.35 0.35 0.25 0.4 0.3 0.35 04
TN 7.5957 7.8616  7.8989 7.8869 8.5418  8.7248 9.0071
R 2 S iRty fop
Table 2 Average results’ f*P of five methods
C—MC Q-MC
RPSO.S GA_AS RPSO_AS
RS SQRT  SOBOL Korobov Lattice
B 80.0245  83.0829 82.6791 83.0847 85.8164 86.1824  86.2618
IR 0.0324 0.0409  0.0159 0.0152 0.0317  0.0329 0.359
ZEEIR%N 0.22 0.28 0.32 0.24 0.26 0.26 0.32
BN 7.2336 75171 7.4586 7.4937 7.7546  7.7886 8.0899
K3 REFHAZE 5 1E 5 JE 69 Error(fP)
Table 3 Error(f**P) of load balance degree and fitness
C—-MC Q-MC
RPSO.S GA_AS RPSO.AS
RS SQRT SOBOL Korobov Lattice
AR TIRPFHTREE (< 1073) 8.03 3.36 4.19 5.4 3.48 2.1 1.49
JERE(x1073) 7.23 3.02 3.77 4.86 3.13 1.89 1.34
e SECPHHEYE(x1077) 6.2 35 37 1 2.6 1.97 13
~J =0

T (x1072) 5.57 3.16 3.37 3.63 2.34 1.83 1.15
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PRRL AESE N T ER R TS T M 254 325

t1261—27] %1, RPSO_AS, GA_ASIF AL 45 5
ST 359 25 B TU S . B AE W 5 A T RPSO_S 2 SC ik
[16]771%. RPSO_S AL T-3CHk[16]/77%. #3H'RPSO-
AS, GA_ASHAA R | P45 ARV D22
B/NFRPSOS. SRk [16] 7575, XAE G — R IIFE
A ERAE AT LA et ok, RPSO_AS, GA_ASH
FERUAS S BB 20 040, W] 2 K T-RPSO_SHI A AL
HHEEE24.85(3% SCHR [14]1 0T LASRAS HE TR AE) . SCik
L1611 ]2 A RS20, 73 b R 1—2 7] %11, RPSO_
AS T AR BE L 18 N AR T-GAAS; H&37]
A1, RPSO_ASTH 5. 25 IR (1) MR VA i 2 /N T-GA

AS.
N A THI S0 AEAR SCRSE AR K 0 1) LEAff I 5 S
TEA A A5 25 IS K BE WL A3 A REAE b AT P Ak 78
30m x 30 mX 3K PN, 10078252 b v 1E 25 7 A1 b
ML 23 A 7E50m x 50m, 10m x 100 m(Nyax 73 5
40, 150)X 455 P9, 23 5147250 K525 . 1000 kR 2
BEAL A7 B AR UE 1A A BN /0 A7 LRI S
LT, SAITEARAT -5 45 R 51 B8P RE RE L &Y,
FEUnRAFT /N, FHER 4 TN, AN FAR SRR A BEATL 7
%5 AE N, RPSO_AS, GA_ASH 8 V- 47 FL 1 | 1 [V
FEAREL T HAb J772:, RPSO_ASTIGA_AS H L.

R4 RERFHA2E 5 E 5 E 09 Error(fP)
Table 4 Error(f“P) of load balance degree and fitness

R PNAN bR2E C-MC Q-MC
" PERESRR —RPSO_S GA_AS RPSO_AS

DX 2% A vaxiil RS SQRT SOBOL Korobov Lattice
B0m X B0 o ECTHTREE 0026 0.03  0.0149 0.0141 0.0371 0.0417 0.3202
100/MR%8 © &N 7.265  7.326 7.3551 7.3585 7.6164 7.8598 8.0525
BRI THCFATRERE 0.0275  0.0284 0.0113 0.0119 0.0394 0.0838 0.3504
50m x 50 m TGN 6.8673  7.1254 7.1046 7.1435 74611 7.6617 7.8183
2SOMREE g SUBCTHERRE 0.0268 00267 0.0126 0.0154 0.0386 0.0624  0.3501

I

SEINAL S 7.0582 7.2772 7.3251 7.3193 7.5601 7.753  7.8085
SN TFHECPATREE 0.0285  0.0288 0.014 0.0132 0.0352 0.0795 0.3451
100m x 100 m TGN 6.6154 6945 69764 6.9136 7.6296 7.6812 7.8194
1000/MR2s A FECPIRERE  0.0285  0.0284 0.0102 0.0108 0.0384 0.0511 0.3437
&N 6.8458 7.0533 7.0242 7.0351 7.5402 7.6073 7.7857

B IR TS5 R S o B vl 0 T RR A A
iff 72 FR) IR RFID WY £8 A0 A i 8, A SRS AN Bk
A% Sigmoid B AU & F AL T i AT IR i A 1
fig; PSOREAL TS Bus AL 5.

5 /Mg5(Conclusion)

ASCE SN T AN E IS N P RFID M 2% (1)
BRI, R S R TSR AR R 2 o ) 47
POV BTRERE. AN T S, B Bk
(4% 2= 1k g, 32 tH— P T A X PRI AZ Sigmoid R
B EFEPSOR L. 18 3 FEA BT A AT T
WL, RSB EAT T 50 8. AN AR 25U A i
B AR I 2 A SR BT 45 R W, AR 7
ERENAT ).
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