Wa1H W2 2/ M Fx % W Vol. 47 No. 2
2026 4F2 H Chinese Journal of Scientific Instrument Feb. 2026

DOLI: 10. 19650/]j. cnki. ¢jsi. J2513868

ETFHRZEIWRFID ERN=ZHEMAE"

R, R A AEE, L F,B #%
(FHRMBHAAEE SEE TR%E  EK 400065)

& PR RSN A 0 AR (RFID ) 8 R GE 0 E 52 2% LA BOE A AR o i [l B 38 40 T — R 3 TR M5 1Y =
e Bk, e, 0T T REID RGEAYHIAL I ) AT Y | 338 5k 92 56 o A 285 1] R A 00 A7 4007, #8717 R B A
HhEE T AE R W) 5 FLUK, A bR 88 W 40 v A B 0 ) R, 25 SRR S B HEA 1 00, 3 0 T — T R SBR A 1 T 12, R 45 B R U
PREERAAREERES] B AFRBRARZEFES) 38— Fh 55T R S0UR 25 40 35 (9 A 28 I 471 3105 A ( AOA) Al 1107 s s AE BT | 4
XoFSE R Ry FH H B AR AR T RE & A A SR B 5 v A TR, 5 IAE T A B R OBk 2 d a7 43 (A Ak pR AR
AT IR R 45 B B AR R 8 N R ) 55 1) ARORS B A, A8 80 A AR T 2838 A o U RS B A 2 ) 5 SR, i1 — 4
ST T 3D GENIASTRL A7 ] ARG AR 2 B30 40 1 3R A5 28 il R A M2 I (0 O S F RN A 25 = # D e U B, I 405
X B AR =4 e, T IS 28 Impinj R420 FIFRZEHE 0T 6 6 FHHE i ibn 25 FE 51 AOA A THA e i ik
HITERE AT R MEITAL . SCIRSE R R, TR R AT LS B = 4 == (8] f i) B AR E 7, B APl E iR 223K 23.5 om, bR N
12.5 cm, FE4FBAE T FTHEE L AU Stk

KEEIF . PIIR ;% N E L bR 51 5 AOA it =ZEE AL

hESFES: TN9I9 TH89 XHFRIRAG: A ERREFZRSERE: 510.99

A tag array-based RFID indoor 3D localization method

Xie Liangbo,Song Yi, Xiao Mengmeng, Wang Yong,Zhou Mu

(School of Communications and Information Engineering, Chongqing University of Posts and
Telecommunications, Chongging 400065, China)

Abstract ; To address high deployment complexity and cost associated with antenna-array-based radio frequency identification ( RFID)
positioning systems, this paper proposes a 3D positioning algorithm based on tag arrays. First, the RFID phase backscatter model is
analyzed, and the coupling effect is experimentally investigated to reveal their potential impact on angle estimation accuracy. Second, to
mitigate the mutual coupling within the tag array, we propose a virtual tag construction method considering the tag arrangement. By
optimizing the tag array with sparse configurations, an angle of arrival (AOA) estimation method for sparse tag arrays based on virtual
tag construction is developed. Furthermore, to address the interference caused by potential target pose variations in practical
applications, an angle-search-based attitude estimation method is incorporated. This method employs a spatial coordinate transformation
model to achieve precise estimation of the tag array’s true orientation relative to a known antenna, effectively reducing the negative
impact of attitude angles on angular measurement precision. Subsequently, a 3D positioning model is established using one-dimensional
angle measurements, where azimuth and elevation angles after attitude compensation are obtained from sparse tag subarrays in two
orthogonal directions to achieve 3D positioning through triangulation. Finally, a systematic evaluation of the proposed sparse tag array
AOA estimation and localization algorithms was performed on a test platform built with the commercial Impinj R420 reader and tags.
Experimental results demonstrate that the proposed system achieves positioning in three-dimensional space, with a median positioning
error of 23.5 ecm and a standard deviation of 12. 5 ¢cm, validating the effectiveness of the proposed algorithm.
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Fig. 1 Effect of tag orientation on phase value
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