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Abstract: Wushu actions and techniques is an index reflecting the differences in physical 

quality, basic skills and performance level between athletes. But the gap narrows because of 

the rapid development of sports events with high difficulty and aesthetic values. Thus, it is 

urgent to improve Wushu techniques and create new ones. This study measured and 

quantitatively analyzed Wushu actions and techniques using a biomechanical sensor and 

biomechanical theory, aiming to provide scientific guidance and technical support for the 

promotion and improvement of Wushu level and the enhancement of the visual sense and 

competitiveness of Wushu. In the study, the plantar pressure of a flying kick was measured 

using a Polyvinylidene Fluoride (PVDF) insole plantar pressure sensor. The data analysis 

suggested that the heel had little influence on take-off jumping and the load borne by the sole 

was the largest, which provided a quantitative basis for the innovation and beautification of 

the take-off action of the jumping kick and also suggested the design of the plantar pressure 

sensor was reasonable and feasible. 
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Introduction 
Specialized agencies responsible for developing Wushu exercise have been established in 

China, for example, the Wushu Department, established by the National Athletic Committee in 

the 1950s and the current Sports Administration Center of General Administration of Sport of 

China. Classifying Wushu as a competition event lays a foundation for the development of 

Wushu and is also a historical contribution [3, 10, 13, 16]. The perfect innovation of Wushu 

actions and techniques is an index for measuring a Wushu event. Analyzing Wushu action level 

with biomechanics has certain theoretical significance and reference value and the major 

actions involved include shadowboxing actions, Sanshou actions and Wushu routines [2, 6, 7]. 

Xu and Jiang [22] analyzed the punching characteristics of shadowboxing in the perspective of 

mechanics according to the three elements of force. Mosher [18] qualitatively analyzed the 

mechanical process of tai chi push hands tactics. Yao [23] made a biomechanical analysis on 

side kick of Wushu Sanshou based on F = Ma and the direction of force. Through comparing 

and analyzing the similarity and difference of the side kick action of four Sanda athletes, 

Fan [8] found that the striking force could be strengthened when the muscles involved in the 

action were at the same plane. Chu [5] explained the weight shifting, abdominal curl and waist 
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holding of back sweep based on law of conservation of moment of momentum and the concept 

of frictional force. Imamura and John [11] considered shifting weight to the left leg and closing 

body to the center of rotation axis could reduce inertia, increase rotation speed, reduce the 

friction with ground, and ensure speed of leg sweep. The above cases were all qualitative 

studies on Wushu actions based on the basic theories of biomechanics [4, 15]; however, data 

were not sufficient. Through referring to some studies concerning gait and action analysis 

[13, 21], this study made a quantitative analysis on the take-off action of a jumping kick using a 

plantar pressure sensor, aiming to provide a quantitative basis for the innovation and 

beautification of the action. 

 

The analysis of a jumping kick 
The jumping kick as one of Wushu routines mainly includes run-up, take off, action in the air 

and landing and buffering in the perspective of biomechanical technology. 

 

(1) Run-up: The run-up is the most important part in a jumping kick. Its speed determines 

bounce altitude and technical integrity. Sportsmen usually improve speed, take-off strength 

and bounce altitude by combining run-up with an arm swing. 

 

(2) Take-off: To obtain a relatively large impulsion when rising high into the air, the center of 

gravity needs to be lowered to make the hip, knee, ankle joint and digit muscle group which 

looks like compressed spring to extend violently while taking off. At the moment of extension, 

a counter-acting force larger than gravity can be got, which can increase upward accelerated 

speed and bounce altitude. 

 

(3) Action in the air: A jumping kick is mainly made in the air. The upper part of the body 

leans forward and depresses to increase the upward swing height of the two legs. Depression 

is usually made when the two legs swing to the horizontal level; early depression will affect 

the upward swing of the two legs. The upper part of the body should keep a certain angle with 

the vertical level, which is beneficial to offset the moment of momentum when the upper part 

of the body claps instep and depresses forward. A jumping kick mainly relies on the explosive 

power and coordination ability of abdominal muscle, waist and legs. 

 

(4) Landing and buffering: Landing is the last step of the action. When the body lands on the 

ground, the muscle groups of legs, hip, knee and ankle joint are bended slightly to buffer the 

pressure brought by gravity and accelerated speed. 

 

Design of an polyvinylidene fluoride plantar pressure sensor 
The design of an polyvinylidene fluoride (PVDF) piezoelectric thin-film sensor as a 

biomechanical sensor can detect the change of pressure on the sole of the feet. 

The observation of the change can help guide Wushu techniques. 

 

Property analysis of the PVDF piezoelectric thin-film sensor 
The PVDF piezoelectric thin-film is a kind of light, soft and thin polymeric membrane which 

can bend millions of times. When power supply condition is limited, the PVDF piezoelectric 

thin-film can produce a small amount of energy in some specific structures and work 

passively. Ordinary piezoelectric thin-film is sensitive to pressure; therefore, it can be used as 

a dynamic strain sensor. When there is a deformation, the surface of the film electrode will 

produce an electric charge, which is associated to deformation proportion. When a small force 

is exerted vertically on the PVDF piezoelectric thin-film, large induced stress will be 

produced horizontally. But if the same force is exerted on the PDVF piezoelectric thin-film in 
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a large area, the produced stress will be dispersed. Thus, it can be concluded that piezoelectric 

thin-film is quite sensitive to dynamic stress. In the detection of subtle signals, the PVDF 

piezoelectric thin-film changes in parts per million of its length and the lowest response 

frequency can be 0.1 Hz; therefore, it is quite suitable for the measurement of dynamic plantar 

pressure of Wushu athletes [1, 17]. 

 

PVDF piezoelectric thin-film sensor based equivalent circuit 
Electric charge will be produced on the surface of a dielectric medium when an external force is 

exerted on it in a certain direction to make it deform; when the external force is removed, 

the dielectric medium will recover to the uncharged state. It is called positive voltage effect [20]. 

 

Under the effect of an external force F, both sides on the surface of the PVDF piezoelectric 

thin-film will produce a pair of electric charges; PVDF thin-film at the moment is equivalent 

to a capacitance. But actually, the PVDF thin-film produces surface charges rather than real 

charges. Only when amplified by the charge amplifier can charge signals be transformed to 

voltage signals, which can facilitate the collection and measurement of sensors. 

The schematic diagram is shown in Fig. 1. 

 

 
Fig. 1 The schematic diagram of the the PVDF sensor 

 

The capacitance of the PVDF thin-film 
H

A
C


 ;  stands for the dielectric constant of the 

piezoelectric thin-film material, A stands for the area of thin film, and H stands for the 

thickness of thin film. 

 

Fig. 2 shows the different axial directions of the piezoelectric thin-film. Direction 1 is the 

thickness direction of the piezoelectric thin-film, direction 2 is the width direction of the 

PVDF piezoelectric thin-film, and direction 3 is the length direction of the PVDF 

piezoelectric thin-film. According to the position of the PVDF piezoelectric thin-film, 

direction 1 is the forced direction. 

 

Design of an insole PVDF piezoelectric sensor 
To ensure the measurement accuracy of plantar dynamic force and the wearing comfort of 

athletes, the sensor was designed as a sandwich multilayered structure. The PVDF piezoelectric 

thin-film sensor was embedded into a soft substrate in a shape of an insole to avoid errors 

caused by excessive deformation and improve the accuracy of data [9]. 
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When the Wushu athlete did the action of a jumping kick, the areas on the sole of the foot as 

shown in the figure are responsible for adjusting the balance. The measurement of plantar 

pressure information in those areas can provide a quantitative basis for the improvement of the 

action. Thus, thin-film piezoelectric sensors were installed on the ten points indicated in Fig. 3. 
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Fig. 2 The schematic diagram of stress  

of a piezoelectric sensor 

Fig. 3 The setting points of sensors 

 

Overall design of the sensor 

Measurement principles of the sensor 
The acquisition and measurement principles of plantar pressure signals were as follows. 

Firstly, pressure signals were transformed to electrical signals through a piezoelectric sensor. 

Then, the signals were sent to the micro-control analogue-to-digital (A/D) conversion circuit 

after being amplified by a charge amplifier. Analog electronic signals were transformed to 

digital signals. Finally, the data were sent to personal computers through wireless digital 

communication technology. 

 

PVDF thin-film sensors had a relatively high resistance. Usually, when output signals were sent 

to a detection circuit, the detection circuit could only accept low-impedance input. 

Thus, a three-level operational amplifying circuit was adopted in the design of a charge 

amplifier. The circuit was composed of three computational amplifiers. Only when the values 

of the resistances were set as shown in Fig. 4, can the amplification be the maximum. 

 

The hardware structure of the sensor 
The measurement system was designed based on sensor technology, micro-processor 

technology and ZigBee network communication technology. The specific hardware frame 

diagram is shown in Fig. 5. 

 

The internal system circuit of the measurement instrument composed of sensors and other 

components adopted STC89LE54RD+ as the microcontroller; the A/D conversion channel of 

STC89LE54RD+ could transform pressure signals into digital signals [19]. CC2420 was 

adopted as the chip of the wireless data transceiver of a ZigBee module to package and transmit 

data, and the communication with the computer was realized through a Rs-232 serial port [12]. 
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Analysis of the experimental results 
A Wushu athlete who weighed 60 kg and had normal foot anatomical structure, physiological 

function and good health condition was selected as the research subject. Firstly, the plantar 

pressure test system was connected and debugged. 
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Fig. 4 The amplification circuit inside  

the charge amplifier 

Fig. 5 The hardware frame diagram 

 

The testing area for the test subject was within 100 m away from the measurement instrument to 

ensure the stability of the testing results. In formal testing, the plantar data of the right foot was 

collected when the research subject did the action of a jumping kick. After the sorting of the 

experimental data, the parameter values of the take-off jump were obtained, as shown in Table 1. 

 

Table 1. Parameter values in the process of a take-off jump 

Area 
ST 

(ms) 

ET 

(ms) 
%C 

FMAX 

(N) 

I 

(Ns) 

CA 

(cm2) 

PMAX 

(N/cm2) 

LR 

(N/s) 

1 0 118 49 228.3 8.3 21.8 10.5 48.49 

2 0 114.7 59 194 8.5 25.5 7.6 Inf 

3 10.7 199 77 155.6 16.1 51.4 3 3.95 

4 17.1 212.4 80 24.7 1.3 7.9 3.1 1.51 

5 13.8 229.5 89 86.4 13 10.9 13.6 3.3 

6 22 234.7 87 142.5 18.8 11.2 12.7 2.09 

7 34 239.3 84 188.4 24.1 13.9 7.9 3.01 

8 43.6 238 80 172.4 20.4 19.9 8.7 3.25 

9 57.2 243.3 77 39.1 5 7.5 5.2 1.08 

10 36.9 243.3 100 243.4 32.6 30.4 8 3.86 

 
ST (Sensor time) refers to the time points of specific areas beginning to land; ET (End time) 

refers to the time points of specific areas leaving the ground; %C (%Content) refers to the 

proportion of the contacting time of a specific area in the whole gait stage; FMAX stands for the 

peak pressure value of the detection area; I (Impulse) stands for the impulse of a specific area; 
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CA (Contact area) stands for the contacting area of a specific area; PMAX stands for the 

maximum pressure intensity of the detection areas; LR (Locate rate) stands for the pressure 

change rate of a specific area. 

 

The time points of specific areas beginning to land and the time points of specific areas leaving 

the ground suggested the impulse of different areas in the course of the action. 

 

The maximum peak pressure intensity FMAX was found in area 10, i.e., the propodeum, 

indicating pushing off the ground with the sole promoted the action of backward somersault. 

If the peak value appeared in the other areas, the counterforce given by the ground would be 

weakened. 

 

The contacting time of the area 10 accounted for the largest proportion in the whole take-off 

process, indicating the major force application area in the take-off jump stage of the jumping 

kick was area 10. The analysis of the parameters of area 10 suggested that the athlete should 

leave the ground immediately after area 10 landed in order to obtain larger acceleration on the 

earth and reduce force loss. 

 

The area with the largest pressure intensity value was the area with the largest planar load and 

also the area which was more likely to be injured. The area was at the fourth metatarsal bone 

(area 5 in Fig. 4). The fourth metatarsal bone is fragile and should be taken care of to avoid 

injury. 

 

The largest value of impulse appeared in area 7, suggesting that the power motivating area 7 to 

leave the ground was the largest. The larger the impulse was, the better the action was 

completed. 

 

The change rate of pressure of specific areas could reflect the injury degree of different areas in 

the whole Wushu action. The change rate of pressure of different areas was 1, 3, 10, 5, 8, 7, 6, 4, 

9 and 2, from high to low. The higher the change rate, the higher the risks of injury. 

Thus, the change rate could be reduced properly; in order words, there could be a short pause 

between actions. 

 

Conclusion 
This study measured the plantar pressure in the action of a jumping kick using a PVDF insole 

plantar pressure sensor. The analysis of experimental data suggested that the influence of the 

heel on the take-off jump was quite small. Thus, in the beginning of the action, the contact area 

of the heel with the ground could protect the heel without affecting the take-off jumping. 

The load of the sole was the largest during the take-off; therefore, more attention should be paid 

to avoid injury in training and ensure the quality of the action. Database basis was difficult to 

form due to the small number of research subjects in this study. This work aims to provide a 

feasible support for further research in the future. 
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