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Plantar pressure-based identity recognition method
combining recurrent plot and LeNet network

Yuan Tian, Xin Yizhong

(School of Information Science and Engineering, Shenyang University of Technology, Shenyang 110142, China)

Abstract : Aiming at the variability in the number and positional configuration of sensors in plantar pressure acquisition devices within the
field of identity recognition, as well as the issue of increased time cost arising from the conventional reliance on complete segmentation of
gait cycle data for extracting plantar pressure features, this article proposes an identity recognition method based on threshold-free
recurrence plots of plantar pressure signals and the LeNet neural network. Plantar pressure data are collected during natural, unloaded
walking from 28 healthy adult participants without foot or lower limb pathologies. Data acquisition occurs on a standardized concrete
surface using a custom-designed plantar pressure measurement system. The raw plantar pressure data are preprocessed using a data
reconstruction algorithm to directly convert them into threshold-free recurrence plots. These generated images are then used as input to
the LeNet network for feature extraction and identity recognition. Recognition performance across various single-region and multi-region
configurations is systematically analyzed and compared. Experimental results show that the optimal configuration—combining the medial
heel, lateral heel, second metatarsal head, and hallux regions—achieved superior identity recognition performance with minimal
sensor deployment and high accuracy. Specifically, accuracy, precision, recall and F1-score attained 99.25% , 99.22% , 99.39% ,
and 99. 26% , respectively. Recognition performance tends to be influenced by gait phase and plantar pressure magnitude. However,
this effect progressively diminishes with increasing number of integrated regions. Furthermore, the proposed method maintains
high recognition accuracy without requiring rigorous gait segmentation. It provides new ideas and technical support for the application

of identity recognition technology in the field of biometric identification, and has potential application value in public safety and
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other fields.
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Fig. 1 Physical image of Flexi Force A301 pressure sensor

fr T TR H B RArm R E 2, fild
KV, emZEREY,, , MSEHH R, RER, HE
AR (1) FR,

Vou == Viysa * (R,/R) (1)
K.V, BECN-3.3 V5 R, H 68 k),

SRAEV & B AL BT RT9167 55 4056 565 A,
fRFa LM, EEH ol STM32F103C8T6 A A% L, il it
PR P SE I 8 BRAT AR S MR SRR i, &2 %
A ADC B A0 R A, WA BRITfi ] HM-11 S BLE £%
e it HM-10 LA 0 5 B LS B S B o 4 f .
SRV T 2 B0 485 1 S I B T 5K % R R R A 5K
YIEnE 2 FioR .,

B2 RIREIIRER &S

Fig.2 Physical image of plantar pressure acquisition device
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Fig.5 LeNet schematic diagram of the network architecture

PR LeNet 28405 4 A 2, o 44 2 4>
HERUZM2 MEEEZE, MERmAZLRIREHESR
1 A BB R A N 3030 MK IR, 1 %G, A
FMGE S A RZ AT A B, S T 3R BRI 405 B
PR B ER A T 30 A FE (padding) . B
JZZJEHERN T ReLU 300 pREL, 7 B 5 | AJEZe kR,
e MRk ae 1, B, BIR &0t i K ik )2
(MaxPooling) , ALt FK/NR 2x2 20K h 2, B FEN /D
FRIEAE R, TR 4r gt i, (R OR B UG b i B 2R 1IE 42
Tk, ik B AR A AL )2 B B 1 REAE 2 0 A% 8 B 4 i
2, a2 h WA Z A, 558 & 256 A4 il
128 ML TT, 3K 60 28 50 A FH 2 8 G R )2 b B L
MRHEEA TS IR R T R YRR E 22 ), TE ik
JE5 205, N T —A Softmax JZ , F T P 45 1) %y
WA 2 B R 3E T IR 2 9 /14155

2 3£ [0
2.1 SCIG¥E

2538 28 2 B TALMIR AT AL AP , AR R 7
20~60 %, SAEC AT SCHRR I A8 M | A1 K B
HAE R T RECE R 7 A, E A BRE T
RBEL A B IE R AT E, BB Tz E 50T
(A R T XI5 By R B R PR BE . FESC gt A v, B
15 2 55 35 e 7 IR 11 ) B9 2 B TR ) SR AR B AT
R 8 AR R R R AR IR B . i TR
SR TR E R 20 B — B O IR 2K, S it R
S TR RO AR, He UL 2 55 500 57 R0V 55 I 1] 25

VA TOR R BRI SR 22 AT E 3 min, B S 5 E T
56 50 WKE A I,

AASJRINT 430 4 A B B, B I& RIS B | k3t B B
RIS BOFN B B Be & 6 From , Horp VR BRI B fi it
W B RGN B e PR S HE AR, b B 3 — kg
AV BERR WA B A . AF B Hu B B, R D B HE e I
NEZ R O, R AT DL Z RS R TT, WirE S EEA ) 3 AP BE
W, BEE ANRED IR ol R 1 0430 A N 1A B
& HEARE

A 2E

) \

P B
WHIMB BB HRIEB z FHATE I B
A
e

Ko LA 4 BB
Fig. 6  Four phases of the gait cycle
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Fig. 9 Sub-segments of plantar pressure data after segmentation
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Table 1 Comparison of identity recognition results
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results (%)
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