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Abstract 
 

The ability to walking is a basic component of human mobility, and gait, which is the pattern of walking, may help or harm human health 

depending on posture. Therefore, it is a part of smart health care to measure gait quality in real time and inform the user of the posture. 

This paper determines whether body balance is maintained during gait by using foot plantar pressure measurement among methods to 

determine the gait balance. Thus, it aims to investigate changes in body balance according to the weight of bags and the plantar pressure 

measurement system, and to implement a system that give a notice when an unbalanced gait occurs in the future study. 
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1. Introduction 

Since the gait is the basis of all activities, Walking is something 

that the average person probably doesn‟t give much thought. It‟s 

our most basic method of transportation, but an inability to walk 

or be mobile can drastically change a person‟s life. It can impact 

our independence and also create significant health problems over 

both the short and long term.  

walking with proper posture helps to improve health through the 

balance maintenance and alignment of the body, whereas walking 

with improper posture leads to physical imbalance and body fa-

tigue due to ineffective use of muscles and joints, resulting in 

postural deformities and gait disabilities[1,2].  

If a person walks with a weighted bag, the weight of the bag caus-

es stress on his or her body, and a change occurs in dynamic bal-

ance and posture due to the mechanical and physiological effects. 

This may cause the problems of the nervous system such as pe-

ripheral nerve damage, and the musculoskeletal system such as 

injury to shoulder and arm muscles, spinal deformity, back pain 

and fatigue of plantar intrinsic foot muscles[3,11]. 

The weight of the bag may lead to abnormal gait patterns and 

cause diseases such as scoliosis, especially for middle, high school 

and college students carrying various books and supplies in their 

bags. Therefore, this paper seeks to measure changes in foot plan-

tar pressure according to the method of carrying bags and to iden-

tify whether carrying bags breaks the balance of the body to pro-

pose a solution system for resolving problems caused by carrying 

bags[4,12]. 

2. Related Study 

2.1. Kinematic Gait Analysis System 

Kinematics describes the gait from the perspectives of body seg-

ment, joint acceleration and velocity, angel and position (disloca-

tion), and the kinematic system is used in the gait analysis to rec-

ord the location and direction of the body segment, the angle of 

joints, and the corresponding linear velocity, angular velocity and 

acceleration.  

The kinematics describes only the temporal and spatial indices, 

which are the general characteristics of gait, and the motion of the 

torso and lower limbs during gait, without providing information 

about the related forces. However, both kinematic and kinetic data 

are needed for the proper quantitative description of complex mo-

tor activities such as gait[4,14]. 

2.2. Kinetic Gait Analysis System 

Kinetics is a field for studying forces, moments, masses and accel-

erations without taking into account the location and orientation of 

the objects involved. For example, a device known as a force plat-

form is used to measure the force under the foot during gait with-

out information about the position of a lower limb or the angel of 

a joint. In connection with gait kinetics, the important use of the 

force platform is to measure muscle activity by calculating the 

joint moments[5,15]. 
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2.3. Pressure Unit Pascal (Pa) 

 

Pascal (Pa) is the SI derived unit of pressure measurement. One 

pascal corresponds to the pressure when a force of one newton per 

square meter is applied. In the preceding equation, N is the newton, 

m is the meter, kg is the kilogram, and s is the time(second)[5,9]. 

2.4. Kinematic and Kinetic Validity 

Movements of the whole-body center of mass during quiet stand-

ing have been estimated from measurements of body segment 

movements. These whole-body center of mass movements have 

been compared with movements of the center of mass as predicted 

from a simple inverted-pendulum model of standing. However, the 

total body center of mass is a weighted average of the center of 

mass of all individual body segments. The question arises as to 

how well the total body center of mass represents the individual 

segments and lower limb joint angles. This study focuses on the 

validity of how well the individual segments and lower limb an-

gles temporally and spatially synchronize with the total body cen-

ter of mass. 

 Segment center of mass root-mean-square displacements were 

strongly correlated with center of mass height relative to the ankle 

joint and were synchronized, or temporally locked, to the move-

ment of the whole body center of mass. Sagittal plane ankle angu-

lar displacements were highly correlated to sagittal plane center of 

mass movement; stronger correlations between body center of 

mass and lower limb angular displacement were observed, the 

result of compensatory knee joint angular displacements. These 

data support and extend the use of an inverted pendulum model to 

represent quiet standing postural control[4]. 

2.5. Body Kinematic 

Human quiet stance is often modeled as a single-link inverted 

pendulum pivoting only around the ankle joints in the sagittal 

plane. However, several recent studies have shown that movement 

around the hip joint cannot be negligible, and the body behaves 

like a double-link inverted pendulum. The purpose of this study 

was to examine how the hip motion affects the body kinematics in 

the sagittal plane during quiet standing. Ten healthy subjects were 

requested to keep a quiet stance for 30s on a force platform. The 

angular displacements of the ankle and hip joints were measured 

using two highly sensitive CCD laser sensors. By taking the se-

cond derivative of the angular displacements, the angular accelera-

tions of both joints were obtained.  

As for the angular displacements, there was no clear correlation 

between the ankle and hip joints. On the other hand, the angular 

accelerations of both joints were found to be modulated in a con-

sistent anti-phase pattern. Then we estimated the anterior-posterior 

(A-P) acceleration of the center of mass (CoM) as a linear summa-

tion of the angular acceleration data. Simultaneously, we derived 

the actual CoM acceleration by dividing A-P share force by body 

mass. When we estimated CoM acceleration using only the angu-

lar acceleration of the ankle joint under the assumption that 

movement of the CoM is merely a scaled reflection of the motion 

of the ankle, it was largely overestimated as compared to the actu-

al CoM acceleration.  

Whereas, when we take the angular acceleration of the hip joint 

into the calculation, it showed good coincidence with the actual 

CoM acceleration. These results indicate that the movement 

around the hip joint has a substantial effect on the body kinematics 

in the sagittal plane even during quiet standing[6,7 ]. 

 

3. Foot Plantar Pressure Measurement System 

3.1. System Configuration 

The novel pedar-x measurement system calculates the forces act-

ing on the insole by the pressure unit pascal and displays the re-

sults with graphics, graphs and figures on the monitor. 

 
Fig.1: Battery and data transmitter of the novel pedar-x measurement 
system. 

 

 
Fig.2: Insoles with built-in foot plantar pressure sensors 

 

 
Fig.3: Execution screen of the novel pedar-x software system 

The pedar® system is a pressure distribution measurement system 

for monitoring the regional loading between the foot and the shoe. 

It works with the Bluetooth wireless telemetry system and can also 

function in a mobile capacity as it communicates with various 

Bluetooth PC adapters. The pedar® system is connected to the 

sensor pads on the dorsal, medial or lateral areas of the foot cover-

ing the entire plantar surface, and it allows multiple synchroniza-

tion options to use with EMG and video systems for gait analysis  

The functions and features of the pedar® software are summarized 

in the following table [5]. 
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Table1: Functions and features of the pedar software 

Functions Features 

●Acquisition and storage of dy-

namic pressure distribution data 
●View of absolute pressure values 

in each sensor and gaitline 

●Presentation and playback of 
dynamic measurement 

●View of maximum pressure, force 

and contact area 
●Maximum pressure picture (MPP) 

●Mean value picture (MVP) 
●Printout of both insole and pro-

duction in original size 

●Storage of collected data with 
comments 

●Color 2d display of pressure data 

●Individual sensor selection 
●Online and offline modes 

●Numeric display of pressure pic-

ture 
●Animation of foot contact phases 

●Step timing analysis 
●Gait comparison and difference 

pictures 

●Calculation of regional loadings 
●ASCII output 

 
Table2: Technical data for pedar insoles 

 
 

Table 3: Technical data for pedar-x system 

 

3.2. Measurement Environment 

 
Fig.4: Experimental equipment and wearing the experimental equipment 

The insoles with 99 built-in sensors on each side were inserted 

into the shoes, and the battery and transmitter connected to the 

insoles were fixed to the front of the stomach. Experiments were 

conducted by dividing the methods of carrying bags into three 

cases where no bag was worn, a backpack was worn on both 

shoulders, and a shoulder bag was only on the right shoulder in 

order to investigate the influence of loads imposed by carrying 

bags on gait and gait imbalance through the measurement of foot 

plantar pressures according to different bag-carrying methods. The 

weight of 3kg mass was added to the weight of the backpack and 

shoulder bag, assuming the weight of the college textbooks and 

notebooks carried by general college students. 

3.3. Measurement Results 

   
Fig 5: Foot plantar pressure measurement results in 2d view 

The figure shows a part of the measurements obtained from walk-

ing without wearing a backpack, walking with a backpack on both 

shoulders, and walking with a shoulder bag on the right shoulder. 

As shown in the figure, both feet are divided into the 99 parts of a 

grid on both sides, respectively, and the color changes according 

to the applied pressure. The color black (15-39) represents the 

lowest pressure value, followed by the light blue color (40-49), the 

mint color (50-99), the green color (100-149), the yellow color 

(150-219), the red color (220-299), and the pink color (more than 

300), and the unit is kPa. 

 
Table 4: Foot plantar pressure measurement results (unit: kPa) 

 

Walking 

without 

wearing a 
bag 

Walking after 
wearing a 

backpack 

Walking 

after wear-

ing a shoul-
der bag 

Mean 

value 

Left foot 172.590 196.629 178.414 

Right foot 224.426 233.278 289.916 

Maximum 

value 

Left foot 443.695 469.455 467.967 

Right foot 463.340 511.203 518.963 

 

As shown above, the foot plantar measurement results were ob-

tained by measuring the plantar pressures three times, respectively 

in each environment and using the results where most data were 

collected due to the least number of Bluetooth connection cut-outs. 
 

 

 
Fig.6: Graphs showing foot plantar pressure measurement results 
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As shown above, the foot plantar measurement results were ob-

tained by measuring the plantar pressures three times, respectively 

in each environment and using the results where most data were 

collected due to the least number of Bluetooth connection cut-outs. 

Based on the mean and maximum values of the results measured 

in 0.02 second units, higher pressure was found in the case of 

walking while wearing a bag than in the case of walking without 

wearing a bag, and the foot plantar pressure on the right foot was 

higher when a shoulder bag was worn on the right shoulder than 

when a backpack was worn on both shoulders. This demonstrates 

that the additional weight placed on the shoulder results in gait 

imbalance. 

4. Conclusion and Future Study Plan 

In this paper, a method to infer gait changes through the measure-

ment of foot plantar pressures was selected among the methods 

that can be used to determine gait imbalance. Through this study, 

it was possible to enhance the understanding of the system which 

can measure the foot plantar pressures, and to confirm the foot 

planter pressure levels that vary depending on the pressure applied 

to the body due to the bag-wearing style. On the basis of the re-

sults, it was predicted that changes in body balance would occur as 

the foot plantar pressure levels changed according to the pressure 

of the bag on the body. Based on the findings of this study, the 

future research should implement a system to give a notice when 

the foot plantar pressure exceeding the predetermined level is 

measured, or when the difference of the foot plantar pressure be-

tween both feet is large. 
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