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ABSTRACT

Analysis of human gait is a process to find a way to correct gait or the
characteristics of gait disorders. A low-cost video system for dynamic motion analysis of human
gait was developed in this project. The system consists of a video camera (Webcam) and three
blue LEDs used as the markers attached to a subject at hip, knee, and ankle. The markers were
segmented using the image processing algorithm and the center of each marker was determined in
real time. Two angles calculated from the marker centers were the angle between the thigh and
vertical axis and the angle between the thigh and lower leg section. Features based on the time
series data from the angles were extracted including the total harmonic distortion (THD),
amplitude of fundamental frequency, and angular speed. The fuzzy logic theory was applied to
estimate the accuracy of gait characteristic. Performance of the system was validated with 14
normal volunteers and a below-knee disable person. Results showed that THD values, amplitude
of fundamental frequency and angular speed of normal people are in the same range. However,
features from the disabled person are different from the normal range. In addition, the accuracy of
gait estimation from the normal subjects was greater than 80 percent but the accuracy of gait
estimation from the disabled person was about 60 percent only. These results show the feasibility
of the proposed system in characterizing human gait, which can be a helpful tool for medical

diagnosis.

Keyword: Gait analysis, Motion capture, Computer vision, Image processing, Marker
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1.2.2 Accuracies of Skin Marker Based Knee Motion Analysis using Different

Techniques [5]
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Musznoud 1-3 MIANAINITNARDIVDIIUIVBIT0I Foot gait Analysis and Simulation [6]
1.2.4 Plug-in-Gait Marker Placement [8]
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1.2.5 Skeletal Parameter Estimation from Optical Motion Capture Data [10]
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1.2.6 MATLAB Applications in Gait Analysis [7]
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2.2.5 niauRalnAnnuvesd 4 Uszian daneazidannane 1
(Common Abnormal Gaits)
(1) Trendelenburg’s gait (Gluteus medius gait)
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@ F) dy
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Psoas
major

lliacus
Tensor | Piriformis
fasciae .

Adductor
longus

liotibial
tract f X

Adductor
magnus

Mulsznoui 2-2 nuAuNRAnALLY Trendelenburg’s gait [1]

Extensors of the hip

Gluteus
maximus
(L5, §1)

Hamstrings
(51)

Mulsznoui 2-3 NuauNraln@ALUY Gluteus maximus gait[1]
(2) Gluteus maximus gait
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] 1 4 4 o 1 Al
Tu%29524919 Heel-strike 119103 Mid-stance 1ierdoudyiiavegaguinig
o 9
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109910 1uTna e Hip extensors Avesa 13
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(3) Quadriceps paralysis

Yy Ax v K g9 ) . 2w a o
AihenTinduiioduumii (Quadriceps) Husuwia azlinnudwinlu
a A 9 ?x’/ Y Y Y Y A o K v A
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1 v CAl ] [ ]
NOUNNTZYZ mid-stance FIUIVBIYAFUIN (Line of gravity) W IUHAIUITOI
4 F v
(axis of knee joint) Tuszezil UnAnduiio quadriceps v vimiinnas i 13i1%
o A o y v A Ay oy o & 9 y v X
v e lion ldndunileti 18 dihesuiludeeldndruiio soleus  uaz gluteus

. =2 1 [ Y a Yy v a
maximus UNUNITATIN ﬂﬂﬂlﬂul’lﬂﬂﬂwslﬂﬂﬂﬁ

Quadriceps
muscle

it%& 5

Asznoui 2-4 NuAUNRALNAIDY Quadriceps paralysis[1]
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2.3.1 11394 Visual 3D U83UIHN C-Motion
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2.3.4 17394 3D Real Time Gait Analysis on Treadmill or Walking Range
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sUf 210 nanalassadaandnenssuvesszuniled deluszunvesladazerd

Yy

aa o A A 1 = A a g
MITHINBAWNYAUNNGTINI NYUOINHT (Fuzzy Rule) Iasiszuvdangnaniussuy
=
°l

Y043 1H35MIuNUAS (Knowledge Representation) 11431/u04 IF — THEN Rule
a o ° A (J = 2 o 1
sunauazioMyAvewUUTIaesnsInia® Ao auisvesladiyn Feauilsuaas
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A a Y] 1]
real time 1@ sazannsamuduilansulumsaauenninla Tasmsls Tilsunsy NI-Vision
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(/;:gl;a) Velocity (/;:gf) Velocity (/; :gllje) Velocity (/; :gllf) Velocity
(a9@/3ui) (29@/3u7A) (a9@/ui) (av@/Fui)

1 52 0.8 1.7 0.9 0.3 0.9 0.9 0.3 0.7
2 74 0.8 1.6 0.8 0.3 0.8 0.8 0.4 0.9
3 53 0.9 1.6 0.9 0.3 0.9 0.9 0.2 0.7
4 52 0.9 15 0.9 0.4 0.9 0.9 0.2 0.8
5 43 0.8 1.5 0.5 0.2 0.7 0.7 0.2 1.1
6 44 0.9 1.8 0.9 0.4 0.9 0.9 0.3 0.7
7 74 0.8 1.6 0.9 0.4 0.8 0.8 0.3 0.8
8 49 0.8 1.7 0.8 0.3 0.8 0.8 0.4 0.8
9 61 0.9 1.6 0.9 0.3 0.9 0.9 0.2 0.9
10 51 0.9 1.7 0.8 0.4 0.9 0.9 0.2 0.9
11 57 0.9 1.7 0.8 0.3 0.8 0.8 0.2 0.7
12 51 0.8 1.6 0.9 0.3 0.8 0.8 0.2 0.8
13 74 0.9 1.7 0.8 0.3 0.8 0.8 0.3 0.8
14 57 0.9 1.7 0.8 0.3 0.8 0.8 0.4 0.8
15 47 0.8 1.6 0.8 0.3 0.8 0.8 0.2 0.9
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yu2AazInn (Hip) yuaan (Knee)
anu
- MUIUAN uanwayn(ave) UANNAIA(29AN) e
pnasau s AAINNT
. Tu 1 unii o & = I = & o P &
NANud 0 | Nenudnan . NANud 0 | Nenudnan . U
o5 HRGNY e WREINY o
(850 ya @ - 1) (6E0) ya 1)- @ (%)
(1) (2 (1) (2
1 52 0.5 14.1 13.6 26 12 14 80.3
2 74 4.7 13.8 9.1 19 10 9 81.5
3 53 9.8 11.4 1.6 22 19 3 94.6
4 52 4.2 12.2 8 18 8 10 87.1
5 43 35 12.3 8.8 21 13 8 73.4
6 44 8.6 10.2 1.6 23 13 10 80.5
7 74 9.6 12.5 29 22 10 12 85.1
8 49 7.4 12.1 4.7 19 11 8 92.4
9 61 6.1 13.2 7.1 17 12 5 91.6
10 51 10.5 11.9 1.4 23 14 9 89.3
11 57 6.2 12.5 6.3 15 11 4 94.5
12 51 51 12.6 7.5 26 13 13 83.4
13 74 3.6 115 7.9 14 8 6 84.2
14 57 8.4 13.7 53 21 13 8 95.6
15 47 53 12.2 6.9 18 15 3 93.7
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aiagzinn (Hip) 2iai2in (Knee)
- AnuAndnya mmwmﬁuuaﬁugﬁnﬁu AnuAndnya mnnmﬁuua_ﬁ'u;ﬁns?u
— ke (Fundamental Frequency) (Total Harrr;::g Distortion (Fundamental Frequency) (Total Harr?_?':lé Distortion
T 1w Angle Angle Angle Angle
(/;r;zl:e) Velocity (/; :zlf) Velocity (Aa:glf) Velocity (/;:alf) Velocity
(av@/3unvi) (29f/3un1A) (a9f/3unvi) (aven/3uvi)
1 52 0.9 1.7 0.9 0.3 0.9 0.9 0.2 0.7
2 74 0.8 1.6 0.8 0.3 0.8 0.8 0.2 0.9
3 53 0.9 1.7 0.8 0.3 0.9 0.9 0.3 0.7
4 52 0.9 1.72 0.9 0.3 0.9 0.9 0.2 0.7
5 43 0.7 1.45 0.7 0.2 0.7 0.7 0.1 12
6 44 0.9 1.8 0.9 0.4 0.9 0.9 0.3 0.7
7 74 0.8 1.6 0.8 0.4 0.8 0.8 0.2 0.8
8 49 0.8 1.65 0.8 0.3 0.8 0.8 0.2 0.8
9 61 0.9 1.84 0.8 0.3 0.9 0.9 0.2 0.8
10 51 0.9 1.8 0.8 0.3 0.9 0.9 0.2 0.9
11 57 0.8 1.7 0.8 0.3 0.8 0.8 0.2 0.7
12 51 0.8 1.68 0.8 0.3 0.8 0.8 0.2 0.8
13 74 0.8 1.64 0.9 0.4 0.8 0.8 0.4 0.8
14 57 0.8 1.6 0.8 0.3 0.8 0.8 0.2 0.8
15 a7 0.8 1.55 0.9 0.3 0.8 0.8 0.2 0.8
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yu2AazInn (Hip) yuaan (Knee)
anu
. MUIUAN uanwayn(aven) UANNAIA(29AN) e
Wnasau s AAINNT
: Tu 1w o & = I = & o P &
NANud 0 | Nenudnan . NANud 0 | Nenudnan . U
o5 HRGNY e WREINY o
(850 ya @ - 1) (6E0) ya 1)- @ (%)
(1) (2 (1) (2
1 52 0.2 12.2 12 27 11.8 15.2 76.9
2 74 52 14.9 9.7 18.6 10.4 8.2 80.6
3 53 10.1 115 1.4 11.8 11.3 0.5 93.8
4 52 3.7 12.2 8.5 19.1 9.9 9.2 89.5
5 43 25 14.1 11.6 6.2 14.5 -8.3 57.1
6 44 8 11.8 3.8 22.2 11.9 10.3 83.9
7 74 10 13 3 24 10.6 13.4 84.1
8 49 7.2 11.8 4.6 18.6 12.1 6.5 98.3
9 61 6.8 12.2 54 17.4 12.9 4.5 94.1
10 51 10.1 12.2 2.1 24.4 12 12.4 88.4
11 57 6.6 115 4.9 16 12.4 3.6 97.1
12 51 55 13 7.5 25 11.8 13.2 84
13 74 3 10.5 7.5 15 6 9 81.9
14 57 8 13 5 20.5 12.1 8.4 97.1
15 47 5.8 12.8 7 19.7 16.1 3.6 92.6
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