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Abstract: Human movement refers to the various actions completed by the human body with
flexibility and diversity which cannot be found in actions completed by robots. This paper
proposed to use inertial sensors to collect the information about body movements and apply
the collected information to analyze and identify human movements. It was found through the
experiment that the inertial sensor could well identify the human body movement postures,
which provided theoretical basis for its application in the field of human motion posture
recognition.
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Introduction

Human movement refers to the various actions completed by the human body [8] and the
collection of human body movement has a role in promoting bionic engineering, medical
engineering and game animation. Scientists have put forward a number of different ideas for
the analysis of human body movements. Thrasher et al. [11] recorded the actions of
experimenters and obtained the posture data of the experimenters by calculating the posture of
their heads, shoulders, torsos and hands. Swaisaenyakom et al. [10] used the human body
motion model based on the electromagnetic simulation software XFdtd to perform motion
capture on the 3D scanning surface of a real task in order to obtain the human motion data.
Sardini et al. [9] designed a new wearable system to monitor the body’s sitting position, in
order to avoid musculoskeletal diseases caused by wrong sitting positions. However, these
methods all share the shortcomings of high costs and poor portability. With the advantages of
low costs and good portability, inertial sensors can be well applied to medical and animation
fields [12]. In this paper, inertial sensor was applied to human body motion posture
recognition and its validity was verified through an experiment.

Theory

Motion capture system

The motion capture system is mainly composed of hardware facilities and software. In order
to carry out an effective analysis of human motion, we must acquire angular velocity and
torso inclination data in biomechanics. The inertial sensor is a sensor that detects acceleration,
tilt, shock, vibration, rotation and multi-angle motion [3, 4], which was used in this study.
The ratio of angular displacement and time over a period of time is called the average angular
velocity and the average angular velocity limit is instantaneous angular velocity [13].
During the movement of the human body, a gyroscope is used to measure the rotational
motion of the joints of the human body to obtain an angular velocity value. As a vector, the
direction of angular velocity is the same as the direction of the human body displacement. In
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the process of human movement, there is a torso inclination angle, which refers to the angle
between the connecting line of the midpoints of the connecting line of the left and right
shoulder and the connecting line of the left and right hip joint and the vertical direction [2,
14]. The position of each joint during the movement of the human body and the torso
inclination angle are measured by a magnetometer. After collecting the human motion data,
the data is transferred to the PC end for preprocessing, and then the motion posture is
calculated.

Methods

Operation of the action capture system

In the process of data collection, the experimenters first fixed inertial sensors on the
movement joints of the experimenters to obtain the accelerated velocity, angular velocity and
torso inclination angle during movement. Then, through the wireless transmission protocol,
these data were transmitted to the computer terminal. After preprocessing by the computer,
the data were stored in the database. Before the experiment, each motion joints of the
experimenters were installed with inertial sensors (including hands, feet and waists).
The layout of different sensors can be carried out according to the actual situation.
Besides, increasing the number of sensors can make data collection more accurate.

Algorithm design based on magnetometer and gyroscope

Initialization

Firstly, a coordinated system Oq is set up with the direction of its Xo axis the same with the
progressing direction of the experimenter and its Zo axis in vertical direction. The coordinated
axes of the coordinated system O: of the inertial sensor are all right hand axes, with the
original point located in the center position of the sensor. The problem that magnetometer will
be affected by the external magnetic field can be fixed by ellipse fitting method [1].
Before the experiment, the experimenter was standing still for 10 seconds, where the
accelerated velocity could be ignored and its average is mq). Then, by comparing it with the
ideal gravity acceleration vector —Zo, the initial attitude of the sensor can be calculated,
denoted by a quaternion Pini, as follows:

Dini =cos™ (m(o)'(_zo )) ' (1)

Vi =M x(=Z5), 2)

P z{cos%, sin (%}W—”H . (3)

In the equations, « and x are the inner product and the outer product of the vector;
~Z,=[0 0 —1]+¢,; is the angle required for the rotation of O1 around the Vini axis to Oo.
Then, Pini is applied for the correction of the original data gyro and i of the sensor, as follows:
P -1
gyro:Pini

i=P !l ®i

ini

®gyro
: (4)

where ® refers to quaternion multiplication; gyro and i arethe angular velocity vector and
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magnetic force vector based on Oq after correction.

Magnetometer angle estimation

On the t time point during movement, the data obtained by the magnetometer can form a
sensor matrix, denoted by p(t), which can be transferred to an Euler angle to obtain the angle
6 of the sensor on M/L, where i(0) refers to the average of the magnetometer in the quiescent

phase.

| lico)] (5)

p(t)=[a, x, y, b] = [COS@, sin(qu)j x b; E:;HH (6)

()

Estimation of the angle of the gyroscope
Through the calculation of the data obtained by the gyroscope, the following can be obtained:

gyro(t) =p(t)®gyro(t),
ayro, (1-1) gy, (1 ®

—gyro Xt == 2 !

where gyro(t) refers to the sensing data at T point, gyro refers to the average value of the

data on the gyroscope on M/L from t — 1 point to t point. The estimated value of the gyro
sensing data needs to integrate the angular velocity information. The data estimates of the two
sensors are calculated using the Kalman filter [5]. X(t) is obtained by combining the final
value @ and error 16 of t. The state space model is as follows:

('i’jf((l) _1T )('@t_l+Gj gyro <> X (t)=AX (t-1)+BU (t) 9)

(6]-[1 o](@j o Z(t)=HX (t) (10)

where T refers to the sampling time and the vector Z(t) is the data content of the
magnetometer sensor.

Definition of human actions and establishment of database

In defining the human action, the human body can be divided into three parts, namely the
upper limbs, the trunk and the lower limbs. The detailed information is shown in Table 1.

181



@ INT. J. BIOAUTOMATION, 2018, 22(2), 179-186 doi: 10.7546/ijba.2018.22.2. 179-186

Table 1. Definition of human actions

Action number Action Category Definition
1 Walking forward Move forward
2 Walking backward by putting one foot
3 Walking Side walking in front of the other
4 Cross step in a regular way,
5 March on the spot with hands swaying
6 Jumping up Bend one’s knees,

push against
the ground with one’s

7 Jumping Jumping forward feet, and move quickly
upward into the air or
forward
8 Turning Side turn L
9 around Backward turn Change body direction
10 Twisting waist Left and right rotation
Twisting of the waist;
waist . move one’s legs
11 Kicking leg Kicking leg with very quick, small,
and forceful movements
12 Waving Waving arm Up and down

swinging of arms

After being installed on the human motion joints, the sensors collect the motion information
and send it to the computer end to be recorded and stored, preparing for action identification
and analysis, as shown in Fig. 1.

Cloud server
Cloud storage

Sensor nodes

Wireless
transmission

v

Data reception
Data display
Data storage

PC PC

Fig. 1 Human motion capture system database

Movement posture test

Twenty healthy testers from the Physical Education College of Zhoukou Normal University in
Henan province (without limb injury occurred within six months to ensure the consistency of
the experiment) were included and did the following actions after wearing the sensors: squat,
kick, bend over, sit, walk forward, walk backward, turn side, turn around, cross the steps, go
up steps and go down steps and sideslip. Every subject did these actions for five times
according to the standard and the data were then collected and recorded in the database.
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The experiment was approved by the Sports Committee of Physical Education College of
Zhoukou Normal University in Henan Province. Each tester signed the informed consents and
was willing to cooperate with the experiment.

Statistical analysis

The data were statistically analyzed using SPSS ver. 22.0. Measurement data were expressed
as mean + standard deviation (SD). Independent variable and dependent variable were put
into software box to output corresponding statistics. Then it entered the box of post-hoc test.
The average values were compared between groups using t test, and the results were output.
The output results contained values of corresponding descriptive statistics; the result of
analysis of variance (ANOVA) was the output result. Difference was considered as
statistically significant if p < 0.05.

System test results and analysis

After the inertial sensor system was designed, it was tested with LibSVM, which could
effectively solve various problems and be applied to problem classification. All function
declarations and definitions for LibSVM need to be included in the LibSVM.h file.
When testing, the file should be included and connected to the corresponding database.
The training samples and testing samples need to have the same format, and each one is a
vector. The first value is the label of the category and the others are eigenvalues, which need
to be separated. The specific format is as follows:

1-21133223-35243413-34163127-2489...
2-24 146324 -23145223-43132436-13313...
3-3223442300322423212637-31213...
4-21237223-51226423-13243431-41012...

Before classification, SVM needs to be mobilized for function training to generate and
preserve an SVM classification file. After getting the classification model, we use SVM to
predict the function. This makes it possible to use this classification model to determine the
class of input data. Then, the testers' action data in the database were extracted (a total of
100 samples). Subsequently, the preprocessing and feature extraction were performed
sequentially, and finally the recognition of these actions was performed. The following table
shows the recognition rate of the motions.

As shown in Table 2, the recognition rate of all actions was above 90% and the average
recognition rate reached 92.8%, which suggested that the system could meet the requirements
of recognizing human motion postures. Also, it was found that the recognition rate of kick,
bend over and sit was high and the difference between these actions and other actions was
significant (p < 0.05), which was because these actions were simple to imitate by the sensor.

Human body posture can be applied to a variety of fields. There are many new devices
developed on the market to capture human body posture such as mobile monitor, MVN
BIOMECH inertial detection system and so on. This paper studies the use of inertial sensors
in human posture detection. Inertial sensors can capture and reconstruct the motion attitude of
the human body, measure the motion information of the moving object in three-dimensional
space, process the information and construct motion models in the computer. With the
development of computers, the application of inertial sensors in the capture of the human
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body movement gesture is becoming more and more popular, with great research values.
Ni et al. [7] applied the multi-node inertial sensor to the human pose test, and proved the
feasibility of the sensor through experiments. Lee [6] put the inertial sensor on the top of the
elbow of 10 elite athletes to carry out an experiment and found that inertial sensors were
suitable for testing gait, step and posture durations, which provided an opportunity to measure
gait outside traditional labs.

Table 2. Recognition rate of the motions

Recognition rate | Standard deviation
Squat 92.2% 1.1217
Kick 95.2%" 1.0564
Bend over 94.5%" 0.8986
Sit 95.1%* 0.9475
Walk forward 92.5% 1.3491
Walk backward 91.3% 0.9476
Turn side 93.1% 1.1246
Turn around 91.1% 1.5246
Cross the steps 92.5% 0.7648
Go up steps 93.1% 0.9488
Go down steps 92.3% 1.2245
Sideslip 91.0% 1.3143

Note: * means p < 0.05 in the comparison between kick and all the other actions
except bend over and sit; * means p < 0.05 in the comparison between bend over
and all the other actions except kick and sit; * means p < 0.05 in the comparison
between sit and all the other actions except kick and bend over.

Conclusion

In summary, inertial sensors can play an important role in the study of human movement
posture. In this paper, inertial sensors were applied to collect human motion posture data and
establish a database. It was found through the LibSVM system that the average motion
recognition rate was 90.8%. Therefore, inertial sensors have practical significance in human
body posture recognition.

References

1. Changey S., E. Pecheur, L. Bernard, E. Sommer, P. Wey, C. Berner (2013). Real Time
Estimation of Projectile Roll Angle Using Magnetometers: In-flight Experimental
Validation, Position Location and Navigation Symposium (PLANS), 2012 IEEE/ION,
371-376.

2. Geng T. (2014). Torso Inclination Enables Faster Walking in a Planar Biped Robot with
Passive Ankles, IEEE Transactions on Robotics, 30(3), 753-758.

3. Kirilova K, P. Gatev (2018). A Complex Semi-automatic Method for Kinetic and Two-
dimensional Kinematic Motion Analysis for Posture and Movement Investigation, Int J
Bioautomation, 22(1), 57-64.

4. Keegan K. G., J. Kramer, Y. Yonezawa, H. Maki, P. F. Pai, E. V. Dent, T. E. Kellerman,
D. A. Wilson, S. K. Reed (2011). Assessment of Repeatability of a Wireless, Inertial
Sensor-based Lameness Evaluation System for Horses, American Journal of Veterinary
Research, 72(9), 1156-1163.

5. Kok M., T. B. Schon (2014). Maximum Likelihood Calibration of a Magnetometer Using

184



@ INT. J. BIOAUTOMATION, 2018, 22(2), 179-186 doi: 10.7546/ijba.2018.22.2. 179-186

10.

11.

12.

13.

14.

Inertial Sensors, IFAC Proceedings VVolumes, 47(3), 92-97.

Lee J. B., R. B. Mellifont, B. J. Burkett (2010). The Use of a Single Inertial Sensor to
Identify Stride, Step, and Stance Durations of Running Gait, Journal of Science &
Medicine in Sport, 13(2), 270-273.

Ni W., Y. Gao, Z. Lucev, S. H. Pun, M. Cifrek, M. I. Vai, M. Du (2016). Human Posture
Detection Based on Human Body Communication with Muti-carriers Modulation,
39" International Convention on Information and Communication Technology,
Electronics and Microelectronics (MIPRO), 273-276.

Roudposhti K. K., J. Dias (2013). Probabilistic Human Interaction Understanding:
Exploring Relationship between Human Body Motion and the Environmental Context,
Pattern Recognition Letters, 34(7), 820-830.

Sardini E., M. Serpelloni, V. Pasqui (2015). Daylong Sitting Posture Measurement with a
New Wearable System for at Home Body Movement Monitoring, IEEE International
Conference on Instrumentation and Measurement Technology (I2MTC), 652-657.
Swaisaenyakorn S., P. R. Young, J. C. Batchelor (2011). Animated Human Movement
and Posture Capture for Body Worn Antenna Simulation, Proceedings of the 5™ European
Conference on Antennas and Propagation (EUCAP), 3635-3639.

Thrasher M., M. D. Van der Zwaag, N. Bianchi-Berthouze, J. H. D. M. Westerink (2011).
Mood Recognition Based on Upper Body Posture and Movement Features. In: D’Mello
S., A. Graesser, B. Schuller, J. C. Martin (Eds.) Affective Computing and Intelligent
Interaction, ACII 2011, Lecture Notes in Computer Science, 6974, 377-386.

Wang A., G. Chen, J. Yang, S. Zhao, C.-Y. Chang (2016). A Comparative Study on
Human Activity Recognition Using Inertial Sensors in a Smartphone, IEEE Sensors
Journal, 16(11), 4566-4578.

Zhang Y., H. Chu (2011). The Angular Velocity Estimation Principal of o-p-y Filter
Based on High Sampling Rate, Second International Conference on Mechanic
Automation and Control Engineering (MACE), 5342-5345.

Zhao L., W. J. Chen (2018). Biomechanical Analysis of the Waist Movement of
Taijiquan Based on Finite Element Method, Int J Bioautomation, 22(1), 39-48.

185



@ INT. J. BIOAUTOMATION, 2018, 22(2), 179-186 doi: 10.7546/ijba.2018.22.2. 179-186

Lijuan Zhang, M.Sc.
E-mail: zhanglijuan11245@sina.com

Lijuan Zhang, female, born in September 1983, native of Jingchuan
City. She graduated from Graduate School of Beijing Sport
University in June 2008 with Master’s Degree. Now she works as a
lecturer in Zhoukou Normal University.

@ ® © 2018 by the authors. Licensee Institute of Biophysics and Biomedical Engineering,

Bulgarian Academy of Sciences. This article is an open access article distributed under the

terms and conditions of the Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/).

186


http://creativecommons.org/licenses/by/4.0/

