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Abstract

RFID technology, as one of the core technologies of smart warehousing, plays an important role in
item tracking and management with its advantages of non-contact identification, wide reading
range, and large amount of stored information. However, in environments with small space and
dense storage of multiple categories, RFID faces challenges such as signal collision, misreading, and
insufficient environmental adaptability. To address the above issues, a deep learning based RFID
signal completion and anti-interference method is proposed for small space dense environments.
Firstly, to address the issues of dense distribution and signal overlap of RFID tags in small space
dense environments, a multidimensional signal acquisition method is adopted during signal read-
ing to optimize the tag attachment medium and perform real-time RF optimization based on envi-
ronmental changes; secondly, strong coupling relaxation decomposition techniques and blind source
separation algorithms are applied to model and separate the read RFID signals, improving signal
quality and readability; finally, for incomplete data, a multi-scale linkage data fusion completion
method based on MDO multi-objective optimization and deep learning is used to train convolutional
neural networks to learn data characteristics and achieve data completion of incomplete RFID sig-
nals. The experimental results show that the proposed method can effectively solve the problem of
data leakage and misreading caused by RFID signal collision in small space dense storage environ-
ments, improve the recognition accuracy to 99%, and significantly improve the accuracy and relia-
bility of RFID positioning and sensing.
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Figure 1. RFID separation and anti-interference scheme based on deep learning in small space dense environment
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Figure 2. RFID anti-collision optimization algorithm based on MOPSO
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Table 1. Hardware configuration information

* 1 EHERERER

T4 i 2 24
RFID #5%% NXPucode8/ImpimjR6 BAR%5
RFID 4T EI#L G2000e/G3000e RFID T EIHL
RFID % §Ei@ 8 RS-232/RJ45-DB9 & A i
RFID #2H:k MTK6763-8 1% i H1 3k
2 HRNLE 25 (0. mREA. THEK. A 2)
iR AR 405 £

"

~3.

Figure 4. Hardware configuration diagram
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Table 2. RFID signal reading accuracy of each scheme in the same testing environment
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Figure 7. Line graph of RFID signal reading accuracy for each scheme in the same testing environment
E 7. &FRER—MRKIMETH RFID 5 1LBUERERITELE

AT 7 TR R TT S0, AN AS (B SRR BT W BEE RFID AR (18 %, RFID fiffi
FEA, PUBIMERA KR R IR S, RFID S SR E MRS AR AL, TR HE 40077 A0
FEA RIS T B e R T A2 15 5 70 ALY S 25 5 haf i & 1015 ST 0 i, e
— 5T 1D RENS 5 SEPRIR A B SRR, e T4 3% IR . IX L (E S rh e B i N AR
M2 X A8 IR L2 IR R, BB S5 5 Bt b AT #h 4. W] L RFID Fr25%0E n=300 I, % i)
HERRIRTT 2 99%. HARBATEAMAK RFID G s B RGAHIE, FEEDUSE . R A 52
FEVET A AR T o ] L, 25 VARENE AT RN /N A (R S SR AP AR AT R (1 RFID {5 5 T3
DRAIE 1 Bods R HE R AT AT S 1k

5. &N IE

BRI A 22 S0 S R AE AT REID R T I R A5 5 R . I Tes iR, A Ba NAEA 2 5%
)8, 8IS A4 G0 RFID SEALEREOAR YRR YE, IRAIRD 7 RFID 5 SRS, F9RING 5 E.
FEHANESECEER . R TR TIRES M RFID BS54 ST, WE TR E
ARG SLIE RN, %7 IR RENS A U /2 (B B AT A T RFID A5 5 Rt 3 SO e B A 38 1 AL,
KRR AR R ST 25 99%, W& B | RFID 5 A BN (1A% A BE AN T S

il

DOI: 10.12677/hjwc.2024.146013 114 oLk


https://doi.org/10.12677/hjwc.2024.146013

i

E&WE

S BA R B R4 A R T e U SO H . ZZKY20233115 (The Self-Selected Research Projects

in the Field of National Defense Science and Technology of the Chinese People’s Armed Police Force under Grant
No. ZZKY20233115).

&5

(1]
[2]

(3]

(4]
[5]

(6]
[7]
(8]
[°]
[10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]

[18]
[19]
[20]

[21]

[22]
[23]

[24]
[25]

[26]

Burden, R.L. and Faires, J.D. (2010) Numerical Analysis. 9th Edition, Brooks/Cole.

Kincaid, D. and Cheney, W. (2002) Numerical Analysis: Mathematics of Scientific Computing. 3rd Edition, American
Mathematical Society.

Unser, M. (1999) Splines: A Perfect Fit for Signal and Image Processing. IEEE Signal Processing Magazine, 16, 22-38.
https://doi.org/10.1109/79.799930

de Boor, C. (2001) A Practical Guide to Splines. Springer.

Press, W.H., Teukolsky, S.A., Vetterling, W.T. and Flannery, B.P. (2007) Numerical Recipes: The Art of Scientific
Computing. 3rd Edition, Cambridge University Press.

Bartels, R.H., Beatty, J.C. and Barsky, B.A. (1987) An Introduction to Splines for Use in Computer Graphics and Geo-
metric Modeling. Morgan Kaufmann Publishers.

Little, R.J.A. and Rubin, D.B. (2002) Statistical Analysis with Missing Data. Wiley.
https://doi.org/10.1002/9781119013563

Schafer, J.L. and Graham, J.W. (2002) Missing Data: Our View of the State of the Art. Psychological Methods, 7, 147-
177. https://doi.org/10.1037/1082-989x.7.2.147

Azur, M.J., Stuart, E.A., Frangakis, C. and Leaf, P.J. (2011) Multiple Imputation by Chained Equations: What Is It and
How Does It Work? International Journal of Methods in Psychiatric Research, 20, 40-49.
https://doi.org/10.1002/mpr.329

Enders, C.K. (2010) Applied Missing Data Analysis. Guilford Press.

Rubin, D.B. (1987) Multiple Imputation for Nonresponse in Surveys. Wiley.

Van Buuren, S. (2018) Flexible Imputation of Missing Data. 2nd Edition, Chapman and Hall/CRC.

Oppenheim, A.V. and Schafer, R.W. (2009) Discrete-Time Signal Processing. 3rd Edition, Prentice Hall.

Tan, L. and Jiang, J. (2013) Digital Signal Processing: Fundamentals and Applications. 2nd Edition, Academic Press.
Lyons, R.G. (2010) Understanding Digital Signal Processing. 3rd Edition, Prentice Hall.

Hamming, R.W. (1998) Digital Filters. 3rd Edition, Dover Publications.

Proakis, J.G. and Manolakis, D.G. (2006) Digital Signal Processing: Principles, Algorithms, and Applications. 4th Edi-
tion, Prentice Hall.

Mitra, S.K. (2005) Digital Signal Processing: A Computer-Based Approach. 3rd Edition, McGraw-Hill.
Brigham, E.O. (1988) The Fast Fourier Transform and Its Applications. Prentice Hall.

Cooley, J.W. and Tukey, J.W. (1965) An Algorithm for the Machine Calculation of Complex Fourier Series. Mathemat-
ics of Computation, 19, 297-301. https://doi.org/10.1090/s0025-5718-1965-0178586-1

Allen, J.B. (1977) Short Term Spectral Analysis, Synthesis, and Modification by Discrete Fourier Transform. IEEE
Transactions on Acoustics, Speech, and Signal Processing, 25, 235-238. https://doi.org/10.1109/tassp.1977.1162950

Oppenheim, A.V., Schafer, R.W. and Buck, J.R. (1999) Discrete-Time Signal Processing. 2nd Edition, Prentice Hall.

Hyvérinen, A. and Oja, E. (2000) Independent Component Analysis: Algorithms and Applications. Neural Networks, 13,
411-430. https://doi.org/10.1016/s0893-6080(00)00026-5

Comon, P. (1994) Independent Component Analysis, a New Concept? Signal Processing, 36, 287-314.
https://doi.org/10.1016/0165-1684(94)90029-9

Lee, D.D. and Seung, H.S. (1999) Learning the Parts of Objects by Non-Negative Matrix Factorization. Nature, 401,
788-791. https://doi.org/10.1038/44565

Cichocki, A. and Zdunek, R. (2006) Regularized Alternating Least Squares Algorithms for Non-Negative Matrix/Tensor
Factorization. In: Lecture Notes in Computer Science, Springer, 793-802.
https://doi.org/10.1007/978-3-540-72395-0_97

DOI: 10.12677/hjwc.2024.146013 115 g BN


https://doi.org/10.12677/hjwc.2024.146013
https://doi.org/10.1109/79.799930
https://doi.org/10.1002/9781119013563
https://doi.org/10.1037/1082-989x.7.2.147
https://doi.org/10.1002/mpr.329
https://doi.org/10.1090/s0025-5718-1965-0178586-1
https://doi.org/10.1109/tassp.1977.1162950
https://doi.org/10.1016/s0893-6080(00)00026-5
https://doi.org/10.1016/0165-1684(94)90029-9
https://doi.org/10.1038/44565
https://doi.org/10.1007/978-3-540-72395-0_97

il A

[27] Widrow, B. and Stearns, S.D. (1985) Adaptive Signal Processing. Prentice Hall.

[28] Haykin, S. (2002) Adaptive Filter Theory. 4th Edition, Prentice Hall.

[29] Diniz, P.S.R. (2008) Adaptive Filtering: Algorithms and Practical Implementation. 3rd Edition, Springer.
[30] Farhang-Boroujeny, B. (2013) Adaptive Filters: Theory and Applications. 2nd Edition, Wiley.

DOI: 10.12677/hjwc.2024.146013 116 g BN

il


https://doi.org/10.12677/hjwc.2024.146013

	小空间密集环境下基于深度学习的RFID信号补全与抗干扰方法
	摘  要
	关键词
	RFID Signal Completion and Anti-Interference Method Based on Deep Learning in Small Space Dense Environment
	Abstract
	Keywords
	1. 引言
	2. 相关工作
	3. 模型设计与实现
	3.1. 信号读取优化设计
	3.2. 信号分离提取算法
	3.3. 基于深度学习的信号补全模型

	4. 系统实现测试
	4.1. 系统性能指标
	4.2. 系统实现
	4.3. 系统测试

	5. 结束语
	基金项目
	参考文献

