W46 % 45 31 it = Bl 2 # Vol. 46 No. 3
2023 4F 3 A CHINESE JOURNAL OF COMPUTERS Mar. 2023

ETZERAVHNEEHMREREMF/ITHZE
WA AREY IER § OB FEAK

DOHEWBB T RER T SIESR FE 99907D)
D(RERFFHEESGH S KHE 300072)

OE AR B SRR YT AN (I R EE W R R B BRI R B 28 1 4 TR A B B A T AR
TR TE DT A R LR AR A USRI (3 0 B S B AORS B2 L I O B 2x T EIORR 2 B0 LA B RO L A TR R Y
R B BRI RAR K BT J7. 7 A T AR 2 BOCREAG 71 B, 15 BB S JFG I ] 5% 33 e 14 5 o A5 BB R B 22 1) 5C 3.
A 7 15 J2 B AR I B ZS GE T ARAE AT B AG T SR T, A R BB AG T T R R BE R B R RS B AR
A8 DL B BE AL 7S A5 e LA RAR AR . AT 3 00— R AR AR M 4 1R o AR R A T R R e AR SR
T — Bl T 2 2 BOAL B RO A T 070 L 38 5 Bl S 2 e A A Bk A T AR O 4 v A T RS BE. B LS BROR S
A LRI, AR R Xl LAY G f6 ) S50, AS SCRIF 58T 300 38 5 7 L 5 A O ek B A A T I B AR 25 89 B AL ok D 2R R AT 1Y
PO 2 5t X 5 Al 3 190 2% AR 9 R 2 ) T AL, FRATT L3 0 — b 7 o B SR A JEL AL B0 5 A T B A8 3 e PR Y
s 25 50 A B0 G L SR AR L LU (R 2 0 H 7 T B0 A T 44 1% A D)L R AT B O B SR B A R SR
B, A SCHR A AR T 2 2 BRI A B A T P UL A Tk REAR T D 21 S0 RYRT L.

KR LN AR R AL I 22 BRI AR B R 5 B[R] SR
hEESES TPIS DOI 2 10.11897/SP. ].1016. 2023. 00499

RFID Cardinality Estimation Approach Based on Multilayer Perceptron

XIE Xin""* LIU Xiu-Long” WANG Jun-Xiao” GUO Song” LI Ke-Qiu”
L (Department of Com puting s The Hong Kong Polytechnic University , Hong Kong 999077)
2 ( College of Intelligence and Com puting s Tianjin University, Tianjin 300072)

Abstract In recent years, with the price decline of RFID tags and the growth of supply chain de-
mand, the RFID technology has moved towards the next full deployment stage, which requires
the deployment of tags on individual commodities to improve the accuracy of supply chain track-
ing. This trend will lead to an exponential increase in the number of RFID tags, increasing the
pressure on reader for inventory counting. Usually, the reader needs to identify 96-bit ID of a tag
for checking if they exist. However, transmitting ID via low-rate RFID channel takes too much
time. Considering that many existing RFID applications do not require explicit ID information but
quantity information for production and logistics decision-making. the tag cardinality estimation
problems have therefore attracted the most attention in recent years. Most of the existing tag car-
dinality estimation schemes only need tags to respond a binary or short messages and let the read-
er observe the statical features of the time frame for performing quantity estimation. The re-
searchers have proposed various estimators, which reveals the explicit relationship between the

statical feature of the time frame and the number of tags, including the number of empty/non-
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empty slots, the index of first empty /non-empty slot, the average length of runs of empty/non-
empty slots, the difference between empty/non-empty slots. Although all these estimators are
unbiased estimators of tag quantity, it is still challenging to derive an accurate and stable estima-
tion result due to the large estimation variance caused by random noise. Moreover, all these esti-
mators have limited applicable range, and their performance degrade quickly once the actual tag
quantality out of the estimation range. To this end, this paper designs an Al-driven tag estima-
tion method based on multi-layer perceptrons (MLP), a simple fully-connected neural network,
which prompts the accuracy and stability of estimator by fusing diversified statical features of
time frame. We also propose a time frame generator to simulate the slot status of time frame
with given tag quantality and frame length. By generating numerous simulated time frames of the
same length with respect to each tag quantality and feeding them into the training process of the
neural networks, we can obtain a MLP estimator for the certain length of time frame. Addition-
ally, to overcome the limited range of the MLP estimator, we designed a two-sage MLP estima-
tion protocol based on the idea of sampling theory. Specifically, the first stage following the bina-
ry tree search idea to gradually increases the length of the masks for decreases the number of tags
activated by the matched mask. The reader can obtain a roughly quality estimation results based
on the index of first empty slots and sets a reasonable sampling probability for the second stage
accordingly. Such a sampling process limits the number of tags replying within the working range
of the MLP estimator and promise the estimator can provide an accurate estimation result under
various tag populations. The extensive simulation results under various scenario demonstrate that
the proposed MLP estimation protocol can improve the estimation accuracy by at least 21% com-
pared with existing state-of-the-art methods.

Keywords radio frequency identification; tag cardinality estimation; multilayer perceptron; tag

sampling; time-efficiency
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Background

Tag cardinality estimation, providing a time-efficient
method to profile the large-scale RFID system, has become a
hot research topic in the field of RFID protocol design and
application development. The state-of-the-art protocol usual-
ly rely on a statistical feature to estimate the tag population.
However, a single estimator provides limited accuracy. This
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wide range of frame features for improving accuracy. We also
investigate how to efficiently train the estimator with simula-
ted data. Besides, how to deploy the proposed estimator to
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