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Developing Degenerative Arthritis Patient Classification

Algorithm based on 3D Walking Video

Tea-Ho Kang - Si-Yul Sung - Sang-Hyeok Han - Dong-Hyun Park ‘- Sungwoo Kang+

Department of Industrial Engineering, Inha University

Degenerative arthritis is a common joint disease that affects many elderly people and is typically diagnosed through radiography.

However, the need for remote diagnosis is increasing because knee pain and walking disorders caused by degenerative arthritis

make face-to-face treatment difficult. This study collects three-dimensional joint coordinates in real time using Azure Kinect

DK and calculates 6 gait features through visualization and one-way ANOVA verification. The random forest classifier, trained

with these characteristics, classified degenerative arthritis with an accuracy of 97.52%, and the model's basis for classification

was identified through classification algorithm by features. Overall, this study not only compensated for the shortcomings of

existing diagnostic methods, but also constructed a high-accuracy prediction model using statistically verified gait features and

provided detailed prediction results.
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2. Model Training & Test
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<Figure 1> Flow Chart of Gait Classification
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<Figure 2> Data Collecting Process
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<Table 1> Landmarks of Azure Kinect DK

Azure Kinect DK Skeleton

Landmarks

20 023

2 525

260 0,7

l0.0? 1) Left Eye

30 5 04

2) Right Eye

3) Left Ear

4) Right Ear

5) Head

6) Neck

7) Spin Chest

8) Left Clavicle
9) Right Clavicle
10) Left Shoulder
11) Right Shoulder
12) Left Elbow
13) Right Elbow
14) Left Wrist

15) Right Wrist
16) Left Hand
17) Right Hand
18) Navel

19) Pelvis

20) Left Hip
21) Right Hip
22) Left Knee
23) Right Knee
24) Left Ankle
25) Right ANkle
26) Left Foot
27) Right Foot
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<Figure 3> Example of Visualization for Each Four Feature
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{Table 2> ANOVA Table by Features

Features oaon| (@=001)

Standardized Velocity 0.000 33.1154" 6.63
Standardized Knee Diff Z | 0.000 55.9613" 6.63
Standardized Ankle Diff Z | 0.003 273239" 6.63
Change of Knee Angle 0.046 9.3813" 6.63
Amount of Head Lowering |  0.000 2843127" 6.63
Amount of Back Bending | 0.000 248.1738" 6.63
Change of Elbow Angle 0.098 0.9747 6.63
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Amount Of Head Lowering =

3.2.6 Amount of Back Bending
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<Algorithm 1> Classification Algorithm
by Features (Standardized Velocity)
Input: ND: Normal Gait Data

LD: Limp Gait Data

MD: Measured Data

Output:  CF: Classification Output by Features

Tea—Ho Kang - Si—Yul Sung - Sang—Hyeok Han - Dong—Hyun Park - Sungwoo Kang

Procedure:
if mean of ND > LD then
threshold = (mean of ND - mean of LD) / 2
if mean of MD > threshold then
CF = Normal Gait
else
CF = Limp Gait
else
threshold = (mean of LD - mean of MD) / 2
if mean of LD > threshold then
CF = Limp Gait
else
CF = Normal Gait
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Testy: Feature value of test data
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K-NN Classifier | 0.9587 0.9580 0.9603 0.9586 i K
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t]o]E1 2] Feature Value©]™ Test Data 2 SHAlo] A7} 9l ™ o] A& Al v Fwto] WAty 2 A= Azure
WA B3 o8 9| Feature Value©]T} Test Data 1= =5 Kinect DK CameraS Eaf 1v]£9 Hu|o} HAZE =
Feature Value”} Normalol] T+%3}e] 2E Feature’} A4 A 34 EAZ 28t =3 EAH0RE HA5H B
S 3elst 4= 9t} Test Data 22| 73-%- Standardized Velocity, 3 54& &&3lo] £ A9 o= ndS 3310
Standardized Knee Diff Z, Standardized Ankle Diff Z, Change ~ Al&3t% o= A3E A Fsdth g A+E &-83519
of Knee Angle®| ValueZ} Limp$}t 4 8tGit), 919k o] Halg #ddd, 2048T 53 22 43 oe] 7hsdd
<Table 4> Values of Classification by 6 Features
Features Normal(N) Limp(L) Test 1 Test 2
Standardized Velocity 17513 1.0815 2.0027(N) 1.1926(L)
Standardized Knee Diff Z 0.7536 14565 0.6605(N) 1.5708(L)
Standardized Ankle Diff Z 0.9073 14085 0.8792(N) 1.3982(L)
Change of Knee Angle 6.8337 5.1935 9.2713(N) 4.5595(L)
Amount of Head Lowering 292052 218.8097 16.1919(N) 67.2397(N)
Amount of Back Bending 9.3822 56.4147 5.8509(N) 15.0607(N)
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