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Figure 1 (Color online) Overview of the plantar pressure monitoring
system for gait analysis
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Figure 2 Schematic diagram of gait parameters
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Figure 3 (Color online) Schematic diagram (a) and digital photograph of the PAN/BTO/Ecoflex film (b)m]
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Figure 4 (Color online) Schematic illustration of the smart wearable
insole systemm]. (a) Diagram of the dielectric layer and bottom
electrodes fabricated by laser cutting; (b) a conductive fabric used as
bottom electrodes, which are patterned into A for channels S1-S12 and
B for channels S13-S24; (c) the basic structure of the insole consisting
of four layers: The bottom electrode, the dielectric layer with a 24-
channel structure, the top electrode of the 24 capacitive pressure sensors
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Figure 5 (Color online) The application and schematic of tri-axis
inductive force sensors””". (a) Illustration of a sensory insole integrated
with an array of force sensors for measuring plantar load; (b) sensors
consisting of four symmetric sensing coils
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Figure 6 An air-pressure based sensor””. (a) Schematic sketch of the
ground contact force measurement system. F, the force exerted by a foot;
P, the air pressure in an air bladder; 4, the area of the cross-sectional of
an air bladder; C, conversion constant of an air pressure sensor; Vo, the
output voltage of the air pressure sensor. (b) The air bladder model:
Silicone tube model and simplified model
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With the aging of the population in China, people’s demand for health monitoring is gradually increasing. As an effective
way of health monitoring, gait analysis is increasingly widely used in disease diagnosis, fall prevention, rehabilitation,
human-computer interaction and other fields. Gait reflects the interconnectedness of multiple physiological systems,
including balance, strength, and cardiovascular capacity, and a person’s gait can tell us a lot about their health. Gait analysis
is a systematic study of human walking movements and an important evaluation tool for analyzing individual life signals,
which can be accomplished by collecting, describing and characterizing kinetic and mechanical data of gait.

Firstly, this paper introduces the importance of gait analysis and the research status of plantar pressure monitoring, as
well as the characteristics of various plantar pressure monitoring systems.

Secondly, the physiological characteristics of the foot are summarized, including the common division methods of the
center point of plantar pressures and gait phases.

Then, the materials and characteristics of the key device for gait analysis data acquisition, flexible pressure sensors, are
systematically analyzed. In the meantime, integration and connection modes of sensors, and common step recognition
algorithms are also summarized. Detailedly, according to the sensing principle, the flexible pressure sensor can be divided
into piezoelectric, capacitive, piezoresistive, triboelectric, photoelectric, magnetic induction and pneumatic flexible
pressure sensors. Piezoelectric flexible sensors do not require external power supply, have high sensitivity and long service
life, but cannot monitor static forces, and the preparation process is more complicated than that of other sensors. The
triboelectric sensor has advantages of various types, wide range of available materials, simple structures, self-power supply
and good biocompatibility. The capacitive flexible sensor has the characteristics of high sensitivity and fast response, but its
portability is poor and easy to be interfered by environmental factors. The piezoresistive sensor has good flexibility and
high sensitivity. The photoelectric sensor has the characteristics of anti-electromagnetic interference, high sensitivity, light
weight and so on. The magnetic induction sensor has high conversion efficiency and fast response ability, but there are
common errors caused by hysteresis, and it is very sensitive to external magnetic field interference. Pneumatic sensors are
sluggish and bulky.

Finally, the design direction and further research of the plantar pressure monitoring system are discussed. At present,
although there have been a lot of research on gait analysis at home and abroad, the following three aspects need to be
improved in order to realize large-scale and normalized gait monitoring. First, to meet the needs of customization, for some
specific diseases and special populations, the system needs to be able to be flexibly adjusted. Second, formulate complete
industry standards. For smart insoles, shoes and socks, to enable telemedicine services and long-term sole pressure
monitoring, it is necessary to standardize the various principles of sensors and ensure the safety of long-term use. Third,
improve data processing technology. Through the fusion of various algorithms, the feature classification and extraction of
data are carried out to improve the accuracy of gait judgment and reduce the misjudgment rate. The Internet of Things
technology is utilized to improve the efficiency of data processing and transmission, and obtain greater data storage space.

gait analysis, plantar pressure, pressure monitoring, intelligent insole, flexible sensor
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