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A Gait Analysis Using Smart Phone Images of the Knee Joint Angle
and Stride Length
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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.

Keyword : Knee Joint Angle, Stride Length, Gait Analysis

1. INTRODUCTION

Hq 4 ¢ 20131113
AAL R ¢ 2013.12.10
AAZEL : 2013.12.20

© FAE  BIAT LIS AR T AL

Walking is the process which can be obtained

by temporal and dynamic harmony between
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HFE : FTAY e AJTII ws Gait analysis has been made systematically since
scjlim@kpu.ac.kr (354 A}F) the 19th century, and the development of
7% @i digta HFE gy Ay scientific technology, including computers and

atf20@kpu.ac.kr (& *h) sensors, improved it steadily from the initial

e =i Ed e HAFE T Ay
unitaek@kpu.ac.kr (LA 4 =2})

% "This research was supported by the MSIP(Ministry Center) support program (NIPA-2013-H0401-13-1006)
of Science, ICT&Future Planning), Korea, under the supervised by the NIPA(National IT Industry Promotion
C-ITRC(Convergence Information Technology Research Agency)




140 MESEX|SZss =2X| MH73 H25 (2013.12)

clinical study to mathematical analysis and
modeling through more and more complicated
measurements. Gait analysis 1S 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 1758 cm tall on the average)
were selected to make a test in this study. It
was used for gait analysis using. smart phone
(SHV-E300S,

based on

camera Samsung Ltd, Korea)

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
45 m, which is the optimum distance for taking
gait image, was determined to be the distance

between the camera and a subject.
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Figure 1. Integrated Analysis of Motion (IAM)

program for tracking gait
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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

Left Leg Swing Phase Right Leg Swing Phase

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6 Phase7

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.
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Table 1. Right knee joint angle in each gait

phase
Right Knee Joint Angle
Phl Ph2  Ph3 Ph4 PhS Ph6 Ph7 Max. Min
Subject
A 9.5 15.01 42 07 37 67.15 105  67.15 0.7
Subject
B 8.59 185 49 267 2975 6677 504 66.77 267
Subject
c 735 1096 5.15 324 3435 6049 578 6049 324
Subject
b 947 20.04 796 429 358 7054 1428 70.54 429
Subject
E 6.68 2266 855 496 31.1 6098 233 6098 233
Subject
F 6.88 1487 165 088 4428 59.7 593 59.7 0.88
Subject
G 762 1597 6.03 266 30.73 67.78 1126 67.78 2.66
64.77 2.39
Mean
+3.97 +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
Phl Ph2 Ph3 Phd4 PhS5 Ph6 Ph7 Max. Min.
Subject
A 337 3647 675 13.6 2272 271 02 67.5 0.2
Subject
B 9.68 2962 57.09 693 19.6 207 169 57.09 2.07
Subject
c 8.57 3803 6291 553 732 276  2.03 6291 2.03
Subject
b 355 492 7114 451 21.06 404 379 71.14 355
Subject
E 412 3787 6307 124 1245 698 026 63.07 026
Subject
F 429 3354  64.6 236 1015  2.62 085 646 085
Subject
G 517 3584 6679 564 268 7.05 195 6679 195
64.72 1.55
Mean
+4.09 +1.1

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.
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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.
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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,
of the

large

instead existing analysis methods

requiring space and costing much.

Ultimately, we will have to analyze about

variation of internal rotation and exteral rotation
Further

analysis will be made with a larger number of

for accuracy of gait analysis. gait

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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