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요 약

다양한 신경계 근골격계 질환이 있을 때 나타나는 증상으로 보행변화가 일어나며, 이에 한 보행분

석은 병의 진행 정도를 단하는 데 매우 요하다. 부분의 보행분석 방법으로는 고가의 장비 사용과 공

간의 제약을 받고 있다. 본 연구는 스마트 폰을 이용한 촬 상과 보행궤 분석 로그램을 사용하여,

보행 시 슬 각도의 변화와 활보장 측정을 바탕으로 보행분석을 진행하 다. 보행분석에 필요한 실험은

건강한 성인남성 7명을 상으로 진행하 으며, 오른쪽 왼쪽 무릎 각도 활보장에 한 데이터를

이용하여 보행분석이 이루어졌다. 본 연구에서 얻어진 보행분석은 기존의 보행분석 연구들과 비교하여 유사

한 결과를 획득하 다. 여기서 제안한 방법을 이용한다면 고가의 장비와 공간의 제약없이 보행 분석을 할

수 있을 것이다.

ABSTRACT

Various types of disease in the nervous and musculoskeletal system can change gait, and the gait

analysis is very important in determining the progression of the disease. Most methods of analyzing

gait are subject to high-priced equipment and spatial restrictions. This study used smart phone images

and the walking track analysis program to make a comparative analysis with the existing gait analysis

on the basis of the stride length measurements and the changes in the knee joint angle for walking.

The test necessary to analyze gait was conducted in seven healthy men, and data about the angle of

right and left knee joints and stride length were used to analyze gait. The gait analysis in this study

obtained the similar results to the existing ones. The use of the methods suggested in this study will

enable gait analysis to be made without high-priced equipment and spatial restrictions.
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1. INTRODUCTION

Walking is the process which can be obtained

by temporal and dynamic harmony between

muscular activities and mobility of joints [1-2].

Gait analysis has been made systematically since

the 19th century, and the development of

scientific technology, including computers and

sensors, improved it steadily from the initial

Center) support program (NIPA-2013-H0401-13-1006)
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Agency)
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clinical study to mathematical analysis and

modeling through more and more complicated

measurements. Gait analysis is now attracting

increasing attention from such professional areas

as physiotherapy, neurology, and sports science

as well as from rehabilitation engineering and

medical areas [3-4]. The world has been

globalized rapidly since the 1960s, resulting in

the constant increase in the number of lower

extremity amputees due to the accompanying

industrial disasters and lifestyle related diseases,

such as geriatric disease and diabetes [5]. In

particular, asymmetrical gait causes the

lower-limb disabled to be psychologically feared,

consume more energy, and get restricted in

various types of daily living [6-8]. Gait analysis

is being used as the most standard instrument

to design the gait assessment methods and gait

training systems that induce the lower-limb

disabled to make near-normal gait. Measuring

knee joint angle variation in analyzing gait is

useful in early diagnosis of gait disturbance, and

equipment for measuring the joint angle and gait

includes gait-analyzing devices using medical

GONIOMETER, strain gauge, the 3D-infrared

camera gait analysis system, and so on [9-10].

However, these devices are expensive and

spatially restricted, making it difficult to create

an experimental environment [11]. This study

suggested a method of analyzing the track of

gait images obtained by a smart phone camera,

which is easy to use.

2. MATERIALS AND METHODS

Seven men who had no neural or

musculoskeletal problem likely to affect gait and

who had no significant limping in walking (24.7

years old and 175.8 cm tall on the average)

were selected to make a test in this study. It

was used for gait analysis using. smart phone

camera (SHV-E300S, Samsung Ltd, Korea)

based on android platform and Integrated

Analysis of Motion (IAM) program based on PC

for gait analysis by Visol Ltd, Korea. This

program can track gait with the unit of frame

as shown in Figure 1. An angle variation of

knee joint in each walking phase is acquired by

manually drawing a line segment. Subjects

participating in the experiment wore clothes in

the primary color in contrast to the white

background to reduce pixel errors of the images.

Their walking distance was limited to 4 m, and

4.5 m, which is the optimum distance for taking

gait image, was determined to be the distance

between the camera and a subject.

Figure 1. Integrated Analysis of Motion (IAM)

program for tracking gait

Figure 2. Measurement of knee joint angle using

IAM program

To analyze gait, the IAM program was used

to track walking in the unit of frame and

measure the knee joint angle with the walking

images taken with a smart phone camera. The

IAM program was used to measure the joint
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angle in each walking phase with the walking

images and determine if walking was normal, as

shown in Figure 2. The knee joint angle was

measured around the lateral center of ankle

joints, knee joints, and hip joints. The angle

made by the line from the center of hip joints to

that of knee joints and the line from the center

of knee joints and that of ankle joints was

measured to obtain the knee joint angle.

3. RESULT

3.1 Knee joint angle in walking

Figure 3. Seven gait phases for analyzing knee

joint angle in walking

One of the existing gait analysis methods is

to measure stride length, gait velocity, and the

angle of lower limb joints [12-13]. The gait

cycle was divided into a total of seven phases,

as shown in Figure 3, in order to analyze the

knee joint angle in walking: 1) the initial contact

phase with the right heel making the initial

touch, 2) the loading response phase with the

entire right foot touching the ground and the left

tiptoe sliding on the ground, 3) the mid stance

phase with the left knee in front of the right

foot, 4) the terminal stance phase with the left

heel initially touching the ground and the right

one off from the ground, 5) the pre swing and

initial phases with the entire left foot touching

the ground and the right tiptoe sliding on the

ground, 6) the mid swing phase with the right

knee in front of the left foot and the entire left

foot touching the ground, and 7) the terminal

swing phase with the right heel touching the

ground, when walking began with the right foot.

Table 1. Right knee joint angle in each gait

phase

　
Right Knee Joint Angle

Ph1 Ph2 Ph.3 Ph.4 Ph.5 Ph.6 Ph.7 Max. Min.

Subject

A
9.5 15.01 4.2 0.7 37 67.15 10.5 67.15 0.7

Subject 

B
8.59 18.5 4.9 2.67 29.75 66.77 5.04 66.77 2.67

Subject 

C
7.35 10.96 5.15 3.24 34.35 60.49 5.78 60.49 3.24

Subject 

D
9.47 20.04 7.96 4.29 35.8 70.54 14.28 70.54 4.29

Subject 

E
6.68 22.66 8.55 4.96 31.1 60.98 2.33 60.98 2.33

Subject 

F
6.88 14.87 1.65 0.88 44.28 59.7 5.93 59.7 0.88

Subject 

G
7.62 15.97 6.03 2.66 30.73 67.78 11.26 67.78 2.66

Mean
64.77

±3.97

2.39

±1.17

Figure 4 shows knee joint angle variation in

each phase when walking is divided into seven

phases, and Tables 1 and 2 show right and left

knee joint angle variation and the maximum and

minimum angles. Two peak values could be

found for the right knee in Table 1. The first

peak was found at 16.85±3.57 degrees in Phase

2, and the second peak at 64.77±3.97 degrees in

Phase 6.

Table 2. Left knee joint angle in each gait phase

　

Left Knee Joint Angle

Ph.1 Ph.2 Ph.3 Ph.4 Ph.5 Ph.6 Ph.7 Max. Min.

Subject

A
3.37 36.47 67.5 13.6 22.72 2.71 0.2 67.5 0.2

Subject

B
9.68 29.62 57.09 6.93 19.6 2.07 1.69 57.09 2.07

Subject

C
8.57 38.03 62.91 5.53 7.32 2.76 2.03 62.91 2.03

Subject

D
3.55 49.2 71.14 4.51 21.06 4.04 3.79 71.14 3.55

Subject

E
4.12 37.87 63.07 1.24 12.45 6.98 0.26 63.07 0.26

Subject

F
4.29 33.54 64.6 2.36 10.15 2.62 0.85 64.6 0.85

Subject

G
5.17 35.84 66.79 5.64 26.8 7.05 1.95 66.79 1.95

Mean
64.72

±4.09

1.55

±1.11

The maximum angle was 64.77±3.97 degrees

and the minimum one was 2.39±1.17 degrees for

the right knee in walking. Two peak values
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could also be found for the left knee in Table 2:

the first peak was found at 64.73±4.09 degrees in

Phase 2, and the second peak at 17.15±6.68

degrees in Phase 5. The maximum angle was

64.72±4.09 degrees and the minimum one was

1.55±1.11 degrees for the left knee in walking.

Figure 4. Knee joint angle of right and left legs

in walking

3.2 Stride length and gait velocity

Figure 5 shows stride length of right and left

legs in walking, and Table 3 shows stride length

and gait velocity of right and left legs. As a

result of the experiment, stride length was

1.43±0.11 m for the right leg and 1.41±0.10 m

for the left one, and velocity was 1.28±0.08 m/s

for the right leg and 1.23±0.11 m/s for the left

one.

Figure 5. Stride length of right and left legs in

walking

Table 3. Stride length and gait velocity of right

and left legs

.

Stride Length(m) Gait Velocity(m/sec)

Right Leg Left Leg Right Leg Left Leg

Subject A 1.42 1.32 1.18 1.26

Subject B 1.62 1.62 1.44 1.44

Subject C 1.38 1.37 1.23 1.22

Subject D 1.59 1.48 1.33 1.23

Subject E 1.35 1.33 1.21 1.11

Subject F 1.36 1.35 1.31 1.09

Subject G 1.33 1.33 1.28 1.28

Mean 1.43±0.11 1.41±0.10 1.28±0.08 1.23±0.11

4. CONCLUSION

This study suggested a method to make gait

analysis by using more convenient and less
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expensive than the existing ones. The walking

images laterally taken with a smart phone

camera and the IAM program enabling walking

track analysis were used to analyze gait. This

study focused on the analysis method using

several variables rather than determining any

abnormality of gait by using the results of

analysis in seven subjects. This study obtained

the following results: First, gait analysis could

be made by measuring knee joint angle variation

in each gait phase, the maximum and minimum

angles, and stride length and gait velocity.

Second, a smart phone camera and the IAM

program in this study could make gait analysis,

instead of the existing analysis methods

requiring large space and costing much.

Ultimately, we will have to analyze about

variation of internal rotation and exteral rotation

for accuracy of gait analysis. Further gait

analysis will be made with a larger number of

subjects in diverse types of environment and

with disabled walkers, including lower extremity

amputees and those with hemiplegia, which will

possibly be used as a basic research to develop

a lower extremity rehabilitation training system.
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