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Research on the architecture and design method of RFID passive IoT
system with separated transmission and reception

DING Baoguo, YANG Bo, LIU Zhongjun, CHEN Zhen’, JI Fei, and ZHANG Xiuyin
(School of Electronic and Information Engineering, South China University of Technology, Guangzhou 510641, China)

Abstract: The development of Industry 4.0 and smart factories has driven the demand for full chain
intelligent IoT, among which real-time monitoring and visualization are the key links in Industry 4.0. Real time
monitoring of warehouses and logistics links through IoT sensors and devices enables visual management and
intelligent collaborative operation of the entire supply chain. However, the current large-scale warehousing and
logistics architectures mainly include “UHF RFID fixed card reader+antenna HUB” “UHF RFID card reader+forward
link repeater”, etc. These system architectures have problems such as short coverage distance and low recognition
rate. To address these issues, this paper proposes an RFID passive IoT system architecture based on the separation
of transmission and reception. By fully separating the forward and reverse links, continuous coverage and real-time
inventory can be achieved, thus providing an RFID based passive IoT system architecture for IoT technology
applications in large-scale warehousing and logistics environments. The experimental results show that compared
with traditional UHF RFID system architectures, the sensitivity of the passive IoT system architecture based
on transceiver separation RFID has been improved by more than 10 dB, and the reading accuracy has reached
over 99%.

Key words: UHF RFID; reverse link; forward link; Internet of Things

b Tolk 4.0 SR E T " Pud R g, i e B PR L B TC 1 P M 6 T ) SR O R
WL S AR TS 57 EE, BEk WEBEMEEE. Hd, SER S TS 4
PR B AL RBE RO &R, SEBUANBER. BRSO BEIBC B0 B AT, U i H i T AL

Wk HIH: 2024-10-11

FEWH: EXRELAIRKBE (2019YFB1804100)

EF A TEE, SRIREW, FZNHB A R0 HTT.
*B{E/E# E-mail: chenz@scut.edu.cu




890 HL TR KA AR

54 3

Mr, AR TN GRS 0E B T FC AR A T 1)
BTG, AR SRR RCR,  SeBlser
5 5 AL AR RRAS o v A 2 4D 8 A ) ) T R
YIBEME R 4077, UHF (G RFID $R B8
— UMW AR FEME. AT ERIRE . B
WL BER, LI TARZE AL AR
R E, WEEMERMAGd e, SIR&R 2R,
H#7, UHF RFID C) vz H TG EMY R T 247
VIPFERER, H HBEERZEM M —D T, M
M sc@ R .

EfE R iEE Y, RAFF RFID 5
i, TIREENAES, BEEHARAR
FF LS 2080 R 0O il B A AT X 3 B A A
S EEE N 5~10 m, BAEER S TAEARY
FERTHC, T HLAR 5 52 NN R 3= 5 MR it B 0 4 4 1)
O, FH—J71H, 4H7E UHF RFID BR25 1)
PERESZBR T H SO — R B8 A AT, (AR TR
PEESHL . WUNZRAK, 2 —RHLIE 0 T ™ &
HE S 20E T 5 s R Bk S, Joi S8 KR
B, P W& L) 55350 PSSR E

R M. HiliE LT S, W
] 3E47 RFID £ 1) R G 22 A& v 7 V2008 R
DR, MHTA LU PR R R4, AL
Vs R e R B e ) 10~70 m BRE .

2Ky 1. “UHF RFID [l € i 2% + R4k
HUB” Z2Hy . R H & R 805 v pe [ e 2R A1,
WKL HUB Bidk, SePl REORY &, it
Z N EEUX SRS, v DAL T B K AR 128 A

N5
i fy 2. “UHF RFID 3% F 2% + B 17 5% &%

repeater” 224" SR FH A A B B repeater, %R
A BIFRRETT S S HHMTEARCR, FE 5 gk
REEFRRE, MY LR A8 o M EE 5 .

ZErE 1A AER 2 YR A UK, HEh
UHF RFID B R 8% B TSR —iRR L, ik
HIT 10 B B VU A5 5 0 S ) S B R U o i B 2
= BB R AR U R B, gk AR A
UHF RFID - &5 5 [ 5 % 10 72 o Vo FELAD PRI i
A5 bR 25 (1) 1 B AE T 2R

AT —FloE B B T UK 4 B RFID TG4
PR RGN, Z R GidE i g b U &5 5 i
JihZS A B ek v, Aok T AR h M AR AE
B TP AR, o5 AR A Sk i ) B
2 i) G % AN AT R IR R, R Sk — Al i B

TREL M4 i R G R R LR REIL 5t

1 ETU %5 E RFID TTiRYIEEM R
L BRIt
1.1 Mg RGIREF0 ) RE 4
R 4 B RFID JC I8 90 Bk X R 45 584 A5
B 1 s, BEEEIES (Reader) . HUih#s
(Helper) MAR%ZE (Tag) ZHAk. FUh#S 5E AT 1)
HEPR R I%, BUCAR TE U MR R BRI, RS TR
B 0 v R ek P DA K 3 e IR 28, Se B A 2% A h
#5A] ST UHF RFID % 55 5 52 22 B L & B L,

E AN ONEY
— A
= [ LR, > IS
(Ifeader) > FlEE
A —> g

T
(EFHRED
R FL,

- > | mE
WS 5 (Tag)

K1 2T UHF RFID TCI5YIEE R £ Gt 2 fg i 7Y

BT WA 73 5 RFID Joil M HE I 2 Gt 48 Ay il
SR P FE SO RO OR 26 15 ¥ Dl 45 R B R 4 2 1) AR g
BT, AT DA AR 4 BB A5 S xt
AT PR, AN 1| A2 2 fFFE I &
GLH T, ST AR 2245 5 1) R
BEo R, B AMGIN, R SR R
AT 17 B B AN ST F) 1)L, BT 5 2293 33 2% RS i 1)
e R 1) I 7 i S L X R G B DL BT S 5
Wi, BN SRVELHTT A% ) RS 1R A 2347 o

B 2 25 14> 85 2K RFID TEJ5 406 RS ) 44 55 11
B .

PG
(Reader)

H—>RT- P4k #1825 d,
AL AR I B 4, (1 B PL,
Bhh AR —T brag

(Helper) [¢ » (Tag)
H—>Tf 7] G B% 9 PH ),
FEREIE 25d, (V& 4R PL,

B2 43855 RFID JCIRAHE I AS [R5 ) g A a2

AN ZR G R SR P T e B R S ) B 1 2
Key, BRI 17 B R P D oy M I B R B S 03 AN SR
s TSI BLT 3 A5 0 B fif ok 28 G 20 PR RE 1

T—>RJX I HE RS A% B BE 2 d,
3% B B Y R 4PL,




6 TEE, % Wk E RFID TLIFEPIEEM RS LM FI BT 7R A 891
I‘lﬂﬂﬂ,ﬁ [ /Aﬁ%i—\‘yg:

1) HiF[a) 5 16 75 55 e 0 dy B KA

2) WA R R 2 B AR RS R 2R B B R
B dy X RBEVERE ST

3) I EEEE d3 B R PERESRTT

H—-PEdHERTEE SIS, BIREH
P2 ISR 950 A I 1) B 8% s 1) B A 78 55 BE S 0 b
Jiik. b, EiBER% (Helper->Tag) M)EEH%R
NANPL, TH0BEM (Helper->Reader) 1) 451 3
N NPLy, S IABE M (Tag->Reader) [ % /R~
NPL3.

AW 2% R G R AR BIA 3 S 3R] 4y
AT AT

1) Helper #1 Tag 2 [8] () 5 7] 4% % 78 & % A&
G

Helper A1 Tag 2 [A]Hif [ 5 2% 78 75 1t B8 73 A i 3=
BLH 1) 275 %2 Helper 1] LA br 25 1) f 18 78 o5 PR
2o AR Helper B A5 D% N Py, Helper )% 5
RE H_Tx 3825 N G,  Tag MR 2R 1 1 o
Grg» Z7% Friis 2\, W15 Tag #U 2 H H
%?%%PTangi%ﬂ—?y\]:

PTang = Py + Gunx +GTag -PL4 (1)

A, PL,FR Helper il Tag 2 [A] LR AS 5 KL R
%6, PL; =-27.56+201gfi +20lgd;: fi e /ma K
a4, 867 MHz;  dy %75 Helper Fl Tag 22 i)
FEES, AL m.

2) Helper X} Reader I¥] H PHZE D)2 (1) 1 RE 40 Hr

Helper &S BUE 5 H T B2 1 [FR, 2
X} Reader #2 WUk i 7= A£ 47 W FHZE B 5, 18 %R
RPPEEA, WE 3 R,

HFHZECWIE S

PR T ASKE 5

St RIS
LA
HAAFBW

B3 AR EYAREAE T T TS s =

.\‘w

A, @it Helper X Reader HJFH ZE Th 3 ) 14
B4, T LL1S 3 Helper PE % Reader /s [l iz B Xf
PR B RE AL R . Reader H2I0R BUE 15

Prex =Sum{—174dBm/Hz + 101g (BW) + NF,
—126dBm/Hz + 101g(BW) + Py} +SNR  (2)

A, Sum{4,B} 3 7~ # M 75 Ty 2 R0 AH W D 2 2
Ay —174 dBm/Hz % 7 $ Wk 75 1) 1) 52 3% 2
BW £ 7 I [n] B #% 1A 200 % s —174 dBm/Hz+
101g (BW)3K 7~ #A e 75 1) %8 5 NF R IR M 75 R 4L
—126 dBm/Hz K/~ M A7 e 75 R Th R G 25 1 s Py R
7~ Helper #] Reader [ #2 I T) % ;  —126 dBm/Hz+
101g(BW) + Py, K /N A BE T % ;. SNR 3R 78 Reade 2
WAL FR I T TRR

22 Friis A", 713 Reader #2221 Helper
RS BINE 5 DI Py RN N :

Pty = Py + GHix + Grex — P1so —PLa 3)

X, Piso 7~ Helper K45 K 4 Al Reader #2150 K
L2 ARG S L ;s PLo R R Helper #il Reader 2 [A] G
A5 T HIEREIFE, PLy = —27.56+201g fi +201gds
fRINEIE RO, $AL MHz, dy3R 78 Helper
H1 Reader Z [AIFEES, AL m.

3) HRWEE R AR AR A5 BE B AR T

Tag 1 Reader 2 [A] [ [ % % R 880 1% 68 73 #r
) H )52 % % Reader 7] LABZUS A 1A 31| Tag 15
TRIEE SIS . R Tag #9320 Helper I %
Prye» Tag M4 Dh 2 4% 05 bR 28 /N RIEGUE S %
Prag» Tag [1 R M U ff 47N Grog » Reader (121K
K2 R Rx M3 243 Grix» 555 Friis A", ] {5
Reader #W B[RS F1E 5 T2 Prc RN N

Prix = PTag + GTag +Grix —PL3 (4)

A, PL3 KR Tag fll Reader 2 [B] L4155 AL 1
WFE, PL3=-27.56+20lgf; +20lgds, fi&nEWB
HO A A, B MHz, ds 378 Tag Fl Reader 22 [H]
MEEES, AL m, dy=d +dpo
1.2 MERFERBENHETE

1) Helper 1 Tag 2 [a] [ B 7] 55 2% 75 o5 00 55
Iy

R 20 (1) 7T %0 Helper £ Tag 22 18] #5 2 4, Al
Helper IR DI Py R REEUNF

dl - 1O(PTag_GTag+GRrx_PL3+27-56_201gf1)/20 (5)
W E Helper H) &S KA 75 Guw= 6 dBi, Tag

I MOR 263 25 Grag= 0 dBi, i FHARZE (142U R B
J& Prag= —20 dBm, #0501 AT £1=922.5 MHz,



892 HL TR A AR

54 3

| Helper F1 Tag 2 [8] 5 £5 F1 Helper [ & 5 T2 Py
KEMWME 4 Fis.

55
50
45 |
40 |-
35 po
30 [
25 -
20
15
10 : ' ! : :
5 T S S R S S
20 22 24 26 28 30 32 34 36 38 40
RS D% /dBm
Kl 4 Helper F Tag  [H]#E 255 Helper ¥ 5 D%
P_H KR

Helper-Tagfi & /m

I g 4 BUE BTSSRI A, Helper
() K 5 Th % Py =26 dBm, 1] LA § 17 85 B
Helper | Tag B &I =10 m, fRIESELPr TIEAE
— i Helper K5 DAL E N 33 dBm.

2) Helper X} Reader ' [ FH ZE Ty % 52 i 4 G
i

W B H O S £1=922.5 MHz, Helper 1%
W D% Py=33 dBm, A &% BW A 80 kHz, &
#% NF {H 4 5 dB, Reader FJ32 10K 26 (38 25 Grox =
6 dBi, Piso AN 10 dB. LA Helper 5 Reader ff 25 5y
[10, 20, 40, 80, 100] m H 1, fj &%t Helper M
Reader 2 [A]AN[E FE B N FRINER KA, 5%
Wk [12], MIMO it KRR & BN 51 dB, FEIKH
BHZETHRIhR N —18 dBm, @iz T ARG T
DhERN, Wil s Fros.

X: 10

20 Ty 2674 ; J

-30 i ....:.L .....

=40 i : 46.74

~50 | SO T S
g 60 v B R
@ 70 +#¥H5§F'UJZ’F
3 —o g
Ji =80 |-t A BT
90 feei sebeeeee

~100 - A L e e R A S 4

-110 _,r. -

-120 [ LY o125t T g

~130 T N T T R R

0 10 20 30 40 50 60 70 80 90 100
Helper-Readerffi /m

K5 Helper fil Reader 2 [AIAN[F]#E 25 T FHL B2 K/

Kl 5 BB 45 R W, 7E Reader 55 Tag Jx

FBERE T SEE2 100m LY, BT “-o” fizk
()P T Ih 356 K T 20 i %7 il 2 0 P S Th R
Reader 2SR B0 5 2252 2 AH A7 I 75 1R 520

| Reader # Wt R B RETHEE A (2) v LLE—28
fE LA

Prex = —126dBm/Hz + 101g(BW) + Py + SNR  (6)

3) R IR R R 23 B
45430 (3) M3 (6) AT A1 Reader F MR BUE 5
Helper 55 Reader FEE dy [P R U

Prix =SNR 126+ 101g(BW) + Py + G+
Grix — P1so +27.56 -201g f{ —201gd,  (7)

REE 5 2% FMO % 5 5 3010 @t 8 1 e
SNR=7 dB@BER<0.1%, L Helper 55 Tag #i&id,=
10 m, Helper 5 Reader i & d, 4 [10, 20, 40, 80,
100] m 9151, Reader #UX R 5 & dr X R K
NN 6 FTs .

| R

~100 |-
-105
-110
—115 ' ! ; ! ' ! ' ! !
-120 L ! L ! L ! L ! L
0 10 20 30 40 50 60 70 80 90 100
Helper-Reader [ £5/m

6 Helper F Reader AN[FBEE T, U R B K/

R /dBm

I WEEE 6 MBUEN AR/, iR s
Wih 45 PEES =100 m, YL R B -109.3 dBm,
PEREDL T 7 FH Y RFID 2R 4% (U5 GXR-02) 1)
—-92 dBm, REE' KT 10dB, NIHR2sF]FeiEes
BHEMEE =110 m.

1.3 MERFIEBBRRENDOH

git Lk oabrgsiw, HT K @) M (7) e

i Reader Y45 1178 55 B8 /) B TH TS A U0 T -

{ (Prag +Grag) ~ SNR + (126 - 101g }
(BW)) — (P + Ghw) + (Prso +201g (d2))
dz =10 20 ®)
0 (8) WA T UK 73 B RFID TR B
WX F Gt S8 ) 2H N 78 5 Be 70 3 2 BT AT 1) B %
Helper 5 Tag [AI[fE 25 0E 1, 7T LU= Helper




6

TEE, % Wk E RFID TLIFEPIEEM RS LM FI BT 7R A 893

R NHE Py RIEEN RGBSR RE; A,
Reader 2R BB 32 2452 31| H FH ZE URIE 5 AH A 1
PRSI, [ Helper 55 Reader 2 ]33 fE
Hdy Wit 2 FAT R BUEE, 820 Reader 78
AR ES

2 RPEEITRETER

2.1 ARGt

FET WK 5 B RFID JCiRPIE N 2 47 = ]
7 Fian. P Reader ()42 YSC 18 <2 3R 40 B 75
920~925 MHz, Reader iz K AJ DL 4 B2 0508
J& Rx1~Rx4, AJULIE—0F & Reader FZ2IWTE 50
Fil; [RIE, Helper [ 55 1836 S FFA B G Bl 920~
925 MHz, ¥ (5) FE 7 #r, Helper i K& 5
ThER A LLAC B 33 dBm, A [A)4E % 78 o5 V0 Bk T
10 m, FHSZEFHRCK 4 Bk §H#IE Tx1~Tx4, 7] LA
HE— 29 & Helper Ui bR 2578 2 V6l o M H 451
i FIARZE N 10x10=100 M52, HRZEAFE 10 cm,
BHRHAMS MWSII3 bR, W& RBEN
-20 dBm'",

7 FEFUCR 53 RFID EIRVIEE M R G0R = K

N
& i O

BT WK 4 B RFID LIEPIEN R G480
P A 8 SR “ ARM+FPGA+AD 93xx” % F
SEHL,  ARM 58 % UHF RFID EPC W32 H.425 41
B HE AR WA R FPGA 151 58 B
ST B R0, AL FE FMO A Miller 4 5 422 0
RFID PrisEHa b3 . RFID 4% 5 iy 258 TN 458 il
25, QOS ZZHHLALEE, S B IR 4 Fr) 32 AL 8
WUl #1  fr 2 e s iR (6) BE A, 1B
AD 93xx SRR RS, SLI Sl A AR e T
RIS -

BT WK 5 B RFID RISV R G5, L
Jihe& i 9 K “MCU+FPGA+HH A 1% L% J7
ZSLIL, MCU 5874 4% 8 B FPGA 7 91

QOS ZZH LA, S B K I 4E [ 42 WSC 4 X Ul
an il a2 He Ak, MR RIS 3R IV 2 Rk X B
f*) RFID #ij [m) iy 4 R0 (7) BUE -, S
1% F % S AT AE M RN A5 5 k%, BRSNS 5
FEAE B E R, RS AR R P ) ) FE 5
T —126 dBm/Hz, FRAFHUHLA) m REEERE: [F)
IR T RS a6 Y. dliE T s, i)
#53X (8), i Helper 5 Reader 2 [7]# & FE &5 dy $i1
g, R A S n) I 7 A5 RE 13RS EIR
7 100 m.

Hells

ARM FPGA

SRR |

il
'
H RFID 4
BPC  *Tor I phisa e

SPI s | ié%
b , QOS
WEEH roMmi AL
!
WAN A& A

K8 NS ASTHE

&

FPGA MCU

s
t
SR RFID

3% L B P SCE AR
fies i s

QOs
BZHHL

!

HIA& M

B B

Ko BuihdRGTT%E

B 10 45 1 5 T YUK 73 85 RFID JEIE IR I 5
GOk . AT 1 AR 2 S+ UHF RFID
RG, KIRNES MBS AT 208, SR L
Sz AL RS, T A R S B T
B, § R RGEHECES 107 o5 V6 B 100 m,
PSS SR 2 R FWCRIBU X R 2 RER Kk ik, W]
PAUR IS R CRUBL Ot P0iR iiE L) 5%
(178 i A



894 PR

54 %

Rx1;
Hre ———— Rx2p.a Rxa

S

s

Lk

TxaTx3Tx4
N !

AP

s DD ~ ﬁl “

Bl 10 JETWOR 5 B RFID JoVEAIEIM R G484

22 KIHER

AN E AT IO, B 1 TR AT
T UHF RFID TCIEECM R4t 5484 1 “UHF RFID
i 52 i R8¢ (P F RFID 3R 28) 7 el
HURPEREXS E; 56 2 T2 2: T UHF RFID JCiRAIEE
W 2R G U A -5 AR 2 S B 2 PR

D ARG 520 1 RS SR PR BEXT E
M3

X} L2 T UHF RFID JCIRY)BEN R A28 44 1
s IR RE, FFA IS I E ik 1
i, RGEs2EaE 11 fos.

x1 RGEMNAERESH

it & 01 HH
WS K9 Th#/dBm 33
T [ 6/ I B A/ MH Z 920~925
W5 (FMD) /kHz 80
I 17 B2 7 5 P 5 /m 3/5/8/10
S 1) B R 5 BE B /m 3/5/8/10/100
PR 100

a. 5T UHF RFID I £ 45

UHF RFID —3/5/8/10 m—— T
Fixed Reader ags

b. Z2#J1“UHF RFID[H & iR 8 R4
B 11 &G0 ZEE

K 12 45 4 FMO-80 kHz W % T, B R
RFID TCIEEE R G f1 2244 1 “UHF RFID [ & 5K

BRA” RO IR LR H o X BRI 4G
FATHD: B RFID LRI R R E U2 5
PREFEE/NTET 10 m BT, BUEs e Ly
EF] 100%, 4553 RFID TR B N 3 S5 45 77
IEPEREDE 4840 1 “UHF RFID Rl L8 &#%:.

320 KHz-FMO Number of Tags By Reader

100
90
80
70
60
50
40
30
20
1

3 5 8 10

Helper-Tag distance/m
u Cellular UHF RFID System = Commercial RFID System

12 FMO0-80 kHz Mr 4555, HRUSC#S 1 IR M BE X B

Number Of Tags

2) ARG 5 bR 2 B B

TARAG B2 S 8 A AR 2SR 2 KT 100 m,
D ) 15 28 I ) B s B2 SO BR T BB, RGN UR =
EIan & 13 Fros, HhEicds SHr28EE RS9 110 m,
W28 S AR FEES 10 mo

R Tx H Rx

- _
R_Rx H_Tx

13 AR E R

T 100 MREREMHEALE R, S3E 100 4R
A AR, KU (8) Fal it B hn s e 2R A
JiheIBEE dy, W] LA — AR A RSO B AR 25 B
Hds o

O 1 BN SR 2 BE B ds Rk S R

(Prag + Grrag) ~ SNR + (126~ 101g (BW)) -
(P +Guw) + Piso

dz =10 20 ©)

A, PsoRamBUR —RIH RIS AT, 4
He) 1 AN L 3% DRI AL 258 RIS 45 73 125l B 88 T SR 1Y
1A b AL

ZRK 2 AOFR WO bR R B B oy RIE N F

{ (Pag + Grag) - SNR = NF + (126 - 101g (BW)) - }

(Py + Guw) + (Piso +201gd>)

d3 =10 20 (10)
A, NE#RT 4k Repeater #4475 2%, &
Bt — 30 A T AR AR A BT 1) IR ER 2 AT RSO LA
PREEHEE

i ERIRREE R, A 1 5K 21 X b
TBEOLANER 2 o, 333X RFID TGI8 I 3 4t
Iei) B 6 7 i PERE 2 S B T AR 1 78 A4
P2 BEEVE M 1S A 11 f5 . ZEM 1 AR 2




6 ]

TEE, S WOk B RFID TN 2R G080 At T3 vEmE 7T 895

Kz T n sk E AR PR RS, NG TELE S A
WS FH 3755

®2 TRIRGZEMEBES TR

m
it b T KRXFTERGHMN  BMIRG  LEH2RS
S Ir i B A 110 72 10
I R0 % 4 P 10 0.1~0.5 10

3 4RiE

5315 30 RFID JCIEAIIK M 3 G0 28 04 78 73 FI FH B2
WA FEUSOR 22 5 Wl s I S R B A B B R 5, T
DA S TGS, BOVRA AN KRG A ik
AN IR BT A, BALUF LA
P AR R A EUEE B PR B 1.5~ 11 £%, #2HL
HERf 2L 2 99% LA b o ASCHEH 7 2520 RFID G
TEYERN 248, ASEEUR R G i S Tl
WS N ESTE o5 R SE A, N T N
BB DA AR S AR B R

b 5.5G K& 6G [F) & &, 3GPP fE 2023 4 JF
J& A-ToT™ BEFL, FF48 i 55 s TC IR P I W $ bk 2
(o0 S N &7 0 00 W/ Y A PR DA
T 3GPP KK A-ToT 4% BRI 78 3B

2 F Xk

[1] JOSHI S J, MAMANIYA S, SHAH R. Integration of
intelligent manufacturing in smart factories as part of
industry 4.0 - A review[C]//Proceedings of the Sardar Patel
International Conference on Industry 4.0 - Nascent
Technologies and Sustainability for 'Make in India'
Initiative. New York: IEEE, 2022: 1-5.

[2] FERNANDEZ-CARAMES T M, FRAGA-LAMAS P. A
review on the application of blockchain to the next
generation of cybersecure industry 4.0 smart factories[J].
IEEE Access, 2019, 7: 45201-45218.

[3] BRAGLIA M, GABBRIELLI R, FROSOLINI M, et al.
Using RFID technology and discrete-events, agent-based
simulation tools to build digital-twins of large
warehouses[C]//Proceedings of the IEEE International
Conference on RFID Technology and Applications. New
York: IEEE, 2019: 464-469.

[4] ZHOU H. Application of RFID information technology in

logistics warehouse management[C]//Proceedings of the
IEEE Asia-Pacific Conference on Image Processing,
Electronics and Computers. New York: IEEE, 2022:
1215-1217.

[5] GUNAWAN R, CHANDRA P D, KUSMADI, et al.
Autonomous vehicle guided with RFID position detection
for warehouse management system[C]//Proceedings of the
16th International Conference on Telecommunication
Systems, Services, and Applications. New York: IEEE,
2022: 1-6.

[6] MEHER B K, AMIN R, DAS A K, et al. KL-RAP: An
efficient key-less RFID authentication protocol based on
ECDLP for consumer warehouse management system[J].
IEEE Transactions on Network Science and Engineering,
2022, 9(5): 3411-3420.

[71] TEKCIN M, PALANDOKEN M, KURSUN S. Wearable
UHF-RFID sensor for wetness detection[J]. IEEE Access,
2023, 11: 115179-115189.

[8] NIU Y H, LI X P, ZHAO W Y. Review of reader antennas
for UHF RFID systems[J]. The Journal of China
Universities of Posts and Telecommunications, 2023, 30(5):
72-92.

[91 ZHAO Y, ZHAO X X, LI L Y, et al. Timing: Tag
interference modeling for RFID localization in dense
deployment[J]. IEEE Sensors Journal, 2022, 22(23): 23464-
23475.

[10] Impinj R700 antenna hub product brieffEB/OL]. [2024-

10-01]. https://www.impinj.com/.

[11] DIMITRIOU A G. Design, analysis, and performance
evaluation of a UHF RFID forward-link repeater[J]. IEEE
Journal of Radio Frequency Identification, 2020, 4(2):
73-82.

[12] LIN H W, YANG X J, GE L, et al. Self-decoupling
antennas for MIMO UHF RFID systems[C]//Proceedings
of the IEEE International Conference on RFID
Technology and Applications. New York: IEEE, 2021:
275-271.

[13] VOLAKIS J L. Antenna engineering handbook[M]. 4th
ed. New York: Mc Graw Hill, 2007.

[14] 2024 ¥ E RFID & & #8K M & & 4 [EB/OL]. [2024-10-
01]. https://www.doc88.com/p-24859620551826.html.
2024 White Paper on China’s RFID Passive Internet of
Things Industry[EB/OL]. [2024-10-01]. https://www.
doc88.com/p-24859620551826.html

[15] 3GPP. TR 38.848, Ambient IoT (Internet of Things) in
RAN[EB/OL]. [2024-10-01]. https://www.3gpp.org/ftp/
Specs/archive/38 series/38.848/38848-100.zip.

| K F


https://doi.org/10.1109/ACCESS.2019.2908780
https://doi.org/10.1109/TNSE.2022.3179830
https://doi.org/10.1109/ACCESS.2023.3324816
https://doi.org/10.1109/JSEN.2022.3215173
https://www.impinj.com/
https://doi.org/10.1109/JRFID.2019.2953785
https://doi.org/10.1109/JRFID.2019.2953785
https://www.doc88.com/p-24859620551826.html
https://www.doc88.com/p-24859620551826.html
https://www.doc88.com/p-24859620551826.html
https://www.doc88.com/p-24859620551826.html
https://www.doc88.com/p-24859620551826.html
https://www.doc88.com/p-24859620551826.html
https://www.doc88.com/p-24859620551826.html
https://www.3gpp.org/ftp/Specs/archive/38_series/38.848/38848-i00.zip
https://www.3gpp.org/ftp/Specs/archive/38_series/38.848/38848-i00.zip
https://www.3gpp.org/ftp/Specs/archive/38_series/38.848/38848-i00.zip
https://www.3gpp.org/ftp/Specs/archive/38_series/38.848/38848-i00.zip

	1 基于收发分离RFID无源物联网系统架构设计
	1.1 网络系统模型和问题分析
	1.2 网络系统模型的数值计算
	1.3 网络系统模型覆盖能力分析

	2 系统设计及实验结果
	2.1 系统设计
	2.2 实验结果

	3 结束语
	参考文献

