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Real-time plantar pressure measurement for monitoring exercise
load in daily life activities

YANG Yang, PU Fang, QIAN Ya-jun, REN LU-ping, LI Shu-yu, LI De-yu, FAN Yu-
bo( Key Laboratory for Biomechanics and Mechanobiology of Ministry of Education, School of Biological Sci-
ence and Medical Engineering, Beihang University, Beijing 100191, China)

Abstract; Objective To monitor the exercise load in daily life activities, a reliable method to estimate the real-
time plantar pressure based only on a few sensors was presented. Methods Pedar-X pressure insoles were ap-
plied to collect plantar pressures from 10 healthy young adults performing 5 typical motions ( vertical jump-landing,
level walking, level running, stair ascending and stair descending). Stepwise linear regression was performed to
reconstruct a mathematic model of calculating the foot force for each style of the motion based on 99 individual
pressure data. Then these models were validated by comparing the plantar pressures measured by Pedar-X sys-
tem and the estimated values by these models when other 4 subjects conducted the same 5 motions and the con-
tinuous motion composed of the 5 motions. Results Regardless of the single motion or continuous motion, the
foot force calculated by each model for each motion, as well as that calculated by level walking model for each
motion were almost the same as the data measured by Pedar-X system. In addition, there was no significant
difference between the estimated values by each motion model and level walking model. Conclusions The foot
force in daily life activities can be monitored effectively by level walking model with only 5 pressure sensors placed
under T1, M2, M3, HM and HL region of the foot.

Key words; Exercise load; Plantar pressure; Regression analysis; Gait; Biomechanics
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Tab.1 Basic information of the subjects

AR/ Y HB/em  fE/kg ER/em
23.2x1.2 170.0%7.2 65.0£13.7 25.0x1.1

SLHAH

BiFEd  23.6+1.8 173.0+8.8 66.4+10.9 25.3+1.3
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Tab.2 Results of regression analysis for five typical daily life ac-
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Fig.1 Location of the sensors (in right foot) required in different models (in grey)
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Tab.3 Accuracy of the foot force estimation from each motion
model in different daily life activities

BT H R RMSE/PF

JE bk R 0.981 £0.018 5.28 £2.19%
i1k 0.990 +0. 003 8.56 +3.37%
=3 0.996 +0.002 5.71 £2.20%
R 0.994 +0.002 8.21 £3.25%
T 0.990 +0. 006 7.97 +0.90%

HEEE 0.985 +0. 003 5.42 +1.79%
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Tab.4 Accuracy of the foot force estimation from level walking
model in different daily life activities

B HE R RMSE/PF

bk ER 0.967 +0.016 8.63 £1.76%
185 0.993 +0.002 8.62 £3.20%
A% 0.993 +0. 002 9.42 +4.87%
T 0.994 +0.001 9.42 £5.18%

HERIET 0.985 £0.004 7.26 £3.20%
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Fig.2 Patterns of the real and estimated foot force in different daily life activities with a typical trail (a) ~ (e) In a complete stride of verti-
cal jump-landing, level walking, level running, stair ascending and stair descending, respectively; (f) In complete continuous motion
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