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Abstract; Radio frequency identification (RFID) technology has become increasingly important in intelligent warehouse management
and logistics tracking systems. However, conventional commercial RFID systems, operating within the Industrial, Scientific, and
medical radio band, are constrained by limited bandwidth, which hinders high-precision carrier phase-based ranging. Moreover, in
scenarios such as mobile robots and handheld readers, the deployment of multi-antenna arrays is impractical due to space limitations,
posing further challenges to angle-based localization techniques. To address these issues, this paper proposes a synthetic aperture-based
RFID localization system utilizing a single antenna and a single-frequency point. The system constructs a spatially non-uniform virtual
linear array by collecting phase sequences and corresponding timestamps during antenna motion. A fast coarse angle estimation algorithm
based on the derivative of the phase sequence is introduced to reduce the search space and improve estimation efficiency. Furthermore,
the phase differences between distinct virtual antenna positions are used to compute differential distances to the target tag. These distance
differences, combined with angle information, are formulated into a hyperbolic localization model. The final coordinates of the RFID tag
are estimated using a particle swarm optimization algorithm with adaptive weighting. Experimental results validate the effectiveness of the

proposed system, the median error of differential distance estimation is 4.2 cm, the median angle estimation error is 1°, and the final
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localization median error reaches 3.45 cm. The proposed method achieves high-accuracy localization on commercial RFID platforms

without additional hardware costs, and thus holds promising practical application value.

Keywords: single-frequency single-antenna RFID positioning; single-frequency interferometric distance difference measurement;

synthetic aperture non-uniform linear array angle estimation; hyperbolic positioning
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Fig. 8 Influence of aperture size on positioning error
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Table 2 Distance difference estimation result (m)

—— . —
i R P22 859 7E 20 LA | IR B 6 5 A Ok ZoERE FnitERe PR
PIVE Ry Al SE M e L S HL 0.142 315 9 0.252 257 77 0.109 941 87
£1 HEGHIRESR 0.1423159 0. 187 756 367 0. 045 440 467
Table 1 Angle estimation test results () ~0.132 198 684 ~0.083 925 99 0.048 272 694
~0.132 198 684 ~0.103 397 934 0. 028 800 75
Kbrf e GRS IRl R 0.055 070 088 0. 054 246 39 0.000 823 698
—31.47 —37.3 ~0.03 0.055 070 088 0.047 571 278 0.007 498 81
—31.47 =33.9 1.57 0.055 070 088 0.040 191 9 0.014 878 187
—37.47 =371 0.37 ~0. 164 023 341 0. 152 024 138 0.011 999 203
35.067 3 34.1 =0.9673 ~0. 164 023 341 ~0. 160 351 563 0.003 671 778
35.067 3 34.2 ~0.8673 ~0. 164 023 341 ~0. 153 469 487 0.010 553 854
27.608 1 2.1 —5.508 1 ~0.221 123 311 ~0.170 215 237 0.050 908 074
27.608 1 27.6 0. 008 1
1.0
; RS 2 THR2E S0%TE 4.2 em LAY, BRIILRE 25 254
G AL R 5 S A SRR H OB 22
: AT I AU 2%, 5 T 04 AR RE AR 145 SR I A 3 e A
# 06 | TR LIRSS TS (3
P s AN RE s L B 2 A B R RO
“;fj | B A IR AT AL B, O TS AT 3
o) FN O R, BECE IIREE BB AR . LS A
g, M H R s Rz shi 5 X, 78 KRkiz shid
. L , , , . TR AR 15
o2 %éﬁm4 > ASCRIA T IMPINJ R700 125 #8451 11 I 45 17
. g RIRTA RT3 £E T HA 5 dBi B £5/9 VERT900 4
10 AR R ISR A LB S L AR

Fig. 10 Angle estimation error (32 30 S5 11 | LR iR 300 K28 B ) A 1 S 7 T



- 98 - B IR SRR R

bR AZ9640 , F-Ks Hl B E AR I &, LI B 5L b
SRR, A S A bR 2 1] 1Y) TG 4k i
15, IR TARIEAE B IFK Gl o IR 55 4% AT 8 L
PO

TEf5 5 R LR SR, i RFID 3525 2% 1915 5
YR A 33 dBm, TAESRBE R 919. 25 MHz,, FE D)4
WCEIARD B J5 A TR R 2 ki, IF 8 AR S 2ok
M T LS AR L BN, 4 R L R M RS e . B
i s 12 BN b 2 o i i A5 R an &l 13
Jim

(a) BEEZY R

(a) Open corridor scene

A&
(b) SRR

(b) Indoor complex scene
12 HE g5

Fig. 12 Corridor test scenario

J T RUEA SCRGEE N R AR S T I
ZERANGE 3 PR . W R RN 20 3 R P R A
WEE R e N RCR , iR 2 CDF ENE 14 B,
FEREIE e A EIR 22 1] 3K 3. 45 em, 70% A4 RE {7 15
FEAE 4.5 em DAY, REAEE M E NS, RN
PRFFFE 6. 45 em, G5 A SCHR G0 n] LIS 847
SEPIREEE

SR AR SR GEAE R faT B 1 RIS SR B A v 11
SENIRE RERAE 3, WA SCE 1y ik 5 H A MR Y RFID
SEN T AT I ST RS T N 4 R MR
LANDMARC'™ | AR R G AT BB E S H b, i HE
PR RE T i, SCHR[ 9] W 2 2 RERFES I AR , it HL7E
TENL AT T BTN E TR, SASCRGMIL, E

%39 &
100 ‘0 &
80 0/‘
4 &
60
~ « “a f
40t
20
o JEAE
ol RIEEN I o fiihhrE
0 20 40 60 80 100 120
X

Bl 13 AR (i i 4521
Fig. 13 Tag positioning output results

PR ZEW AR — 2L A 5 H A 3 5% RFind ' 2
ORGSR 2 RFind 75 22 {0 A0 A0 19 31 o 4k i
R AT T, 221G IR E A, SCHR[ 12 7E RFind
LA b I AR AL, PS8 IR R B =4 Ao, R AR
BN B TOL i #5 . SCHK[ 24 1 7E Tagoram i %
filt EAEAT R, SASCR G R R 3 Ry Jr = B
& Tagoram [ E LA BE 55 WO A% 25 AT G, W0 A% 185 7 L
Frg B, LR X, A LRGN HHE — G
BT PR L BT PR 58 WE 7, IO 8 S H hn %
WIH MR AE AR,

*3 TEUUXER
Table 3 Positioning test results
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Table 4 Comparison of different positioning methods
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