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[Abstract]

In this paper, we designed and implemented a program to measure and to judge the accuracy of yoga
postures using Azure Kinect. The program measures all joint positions of the user through Azure Kinect
Camera and sensors. The measured values of joints are used as data to determine accuracy in two ways.
The measured joint data are determined by trigonometry and Pythagoras theorem to determine the angle of
the joint. In addition, the measured joint value is changed to relative position value. The calculated and
obtained values are compared to the joint values and relative position values of the desired posture to
determine the accuracy. Azure Kinect Camera organizes the screen so that users can check their posture

and gives feedback on the user's posture accuracy to improve their posture.
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I. Introduction
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II. Preliminaries

1. Review of Azure Kinect

Azure Kinect= Microsoft AtofA] 7§&st Cameral]
s 2 RGB camera, Depth camera,
microphone array, gyroscope, accelerometers &Aj
st Qi

3 12 Azure Kinect9] stEgjo] & LERCE.
Azure Kinect®] RGB camera (Color camera)= Ztf 4K
(3840 x 2160) A= o)A4] 30 FPS(Frame per Second)&
A|H5HH, T2 sl =oll T Ratiot FPSE= & 131} 2t

IR emitters,

o 2
Streaming indcator
i - i’

Degth camera

R emitters e
Fig. 1. Azure Kinect Hardware Configuration
Table 1. RGB Camera FPS by Resolution
Resolution Ratio FPS
3840 x 2160 16:9 0, 5, 15, 30
2560 x 1440 16:9 0, 5, 15, 30
1920 x 1080 16:9 0, 5, 15, 30
1280 x 720 16:9 0, 5, 15, 30
4096 x 3072 4:3 0, 5 15
2048 x 1536 4:3 0, 5, 15, 30

Azure Kinect] Depth camera 24| OiA7Ix]9] 7
2] so1gh 4 9]= Camera©|tt. Depth camera™= IR
emitters®} V4] AH=510, ToF(Time-of-Flight) BHAl-&
AR5} Depth camera®) @ Eof T2 siANE 9} FPSE=
I 29t 2t} J% 2% Azure Kinect CameraS £3f &
7 7Fsst AREALS] WA QRS UERATE AREARY] WA
2 Body Tracking SDKZ AREsl YRS &olsh 4~ 9t}

Table 2. Resolution and FPS by Depth Camera Mode

Mode Resolution FPS

NFOV unbinned 640%576 0, 5, 15, 30
NFOV 2x2 binned 320%288 0, 5, 15, 30
WFOV 2x2 binned 512%512 0, 5, 15, 30
WFOV unbinned 1024x1024 0, 5 15

Passive IR 1024x1024 0, 5, 15, 30

H =30] mg 7302 Microsoftof| A A|ush= SDK[4]
= ARgotod Festit. SDK= ZWEAPt Cameradf
<2 o A= &, Camerad] 7] B4 AT 4+
+ &<, Color camera FoJEo] HZE 4 Qe o=,

%ﬁit B 52 A& }Ur.
3 32 Azure Kinect Camera®] &2] 1P9-S UE}
Wit} OPEN 45 Fdll Kinectel ZAFE7F AL,



A Design and Implementation of Yoga Exercise Program Using Azure Kinect 39

EVE_RIGHT
EAR_RIGHT ® W g

HANDTIP_RIGHT
HAND_RIGHT
WRIST_RGHT, 1
JEe=—=Cre0) 0

O ELBOW_RIGHT

THUMB_RIGHT ELBOW_LEFT

®
THUMB_LEFT

E_CHEST

@) SPINE_NAVAL

paws

HIP_RIGHT O«O—0 HIP_LEFT

KNEE_RIGHT @ KNEE_LEFT

|4

ANKLE_RIGHT ‘1@, (@) ANKLE_LEFT

FOOT_RIGHT @, ®)) FOOT_LEFT

Fig. 2. Measurable joint position by using Azure Kinect
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Fig. 3. Azure Kinect Camera Process

2. Recognizing the user's posture
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3. Assessing the user's posture
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III. Implementation of posture
recognition using Azure Kinect
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1. Measuring joint angles using trigonometry
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Fig. 4. Example of a measurable joint in the body
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Fig. 5. calculating joint angles using trigonometry

(Formula 1)

(Formula 2)

F5PuA} s WEe] 2 6= 0014 6,8 W o T
[e]

st 4 9o o} 24 302 Ugid 4 9tk

1( yo* (g —23) +y* (a1 —2y) +y* (2, — 1)
(IQ*II)*(II 7I5) +(y27y1)*(y1 7:[/5)

(Formula 3)
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Fig. 6. Four zones of © according to the range of
Arctangent results

(last,side)2 < (upper,side)2 + (lower,side)2

(Formula 4)

(last_side)?* > (upper_side)?* + (lower_side)?

(Formula 5)

o] Aol upper_sidex= $1H, lower_side= O}
. last_sides= YHA] oF H1O2 Aojgtct. £4 4= A
¥k o Zojo) AlBo} ol Lrojx] 3 o) AlBuct
= 3%5 UEUN o] 212 WESH ofjzez 63l
old 0,2 340ld 6,2 AR 44] 5= S
H Zolo] Alge] o] UHA] oF §io) AlsEot A2
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03 7 A7PHat erueks HelS A8 7t T 2t
£2 S35t W32 A% IE2 UYehdth Ange B4k

A=S 54 Who| X9} AR W] XIS 0]
AR Q] YL HAES ALGE) 2

Angle(x1, y1, x2, y2, x3, y3){

/* Trigonometry */

Theta=Math.Atan(y2*(x1-x3)+y 1 *(x3-x2)+y3*(x2—x1)/(x2
—x1)*(x1-x3)+(y2—-y1)*(y1-y3)) //Formula (3)
Theta_angle = Theta * (180/Math.PI)

/* Pythagorean Theorem =*/
upper_side=math.Pow((x1-x2),2) + math.Pow((y1-y2),2)
lower_side=math.Pow((x3—x2),2) + math.Pow((y3-y2),2)
last_side=math.Pow((x1-x3),2) + math.Pow((y1-y3),2)

/*Result € [0, 360]°+/
if( last_side < upper_side + lower_side ){ //Formula (4)
if (Theta_angle>0){
return Theta_angle
}telseif(Theta_angle<0){
return Theta_angle + 360; //D Zone
}
}
elif(last_side > upper_side + lower_side){ //Formula (5)
return Theta_angle+180; //B Zone, C Zone

//IA Zone

}

Fig. 7. Joint angle measurement code using trigonometry
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2. Determining posture using relative positions
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A T2 7119 Al Atolof wet Fe=rt ZetRlct
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Fig. 8. Analysis of relative position of
joints according to posture
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Fig. 9. Example of User Posture Analysis
with Relative Position
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IV. Experiments and Results
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Table 3. Testing Environment

TEST ENVIRONMENT SYSTEM VERSION
0s windows 10 education | ver1909
CPU ryzen 3700x

GPU rtx2070 super 8gb

RAM DDR4 16gb

PROGRAM visual studio 2019 ver16.6.3
Camera Azure Kinect v.1.4.0

Table 4. Experimental body shape information

USERS GENDER HEIGHT(cm) WEIGHT(Kg)
USER1 male 175cm 90kg
USER?2 female 160cm 58kg
USER3 female 167cm 48kg
USER4 male 175cm 78kg
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Fig. 10. Target Yoga Position
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Fig. 11. Example of program execution
I 5t A7REE AR B 7R SRUYE ARl
of ALgAL ANl] et st Auolch. Aol o
d3=(Circumduction), E-8-&%(Adduction), HH-=
(Abduction)®] £7o] 7}sst &F THA], 4 F5 AF

|

S 57llo] WS ALRslTt. AMRAle] W Zwe} &
& Aple] B Zhzo] Rjo|E o] &sto] AaolN et
2 AN olo] oigt fAle olzfe} 2t

5 | G;_M, |
Accuracy,,, = E ) <

20— 100))/5 (%)

(Formula 6)

221 60|14 i 571e] o] gk QlElAo|H, Gie
B A9 -3 e g, Mie ARSATY] AN i-d
55 UERAT i-0] Aetes 104 AeS
o 1002 &3t 3= AMESIH, AccuracCyane.< 3
7Hofl ot Fet= o] Hate ARgRIth

o 95:5 N

Table 5. Posture Accuracy (%)

(@) (b) (c) (d)

USER1 95 92 95 93

USER2 97 94 82 86

USER3 97 97 78 92

USER4 100 97 21 94
AVERAGE 97.25 95 86.5 91.25
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USER2 | 100 | 90 | 75 | 90 | 100 | 96 | 78 | 90
USER3 | 100 | 90 | 85 | 90 | 100 | 90 | 81 93
USER4 | 100 | 85 | 80 | 100 | 100 | 93 | 84 | 93

AVERAGE | 100 | 90 | 80 |925| 100 |93.75| 81 | 915
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Table 7. Integrated accuracy of angle and relative
position (%)

(@) (b) (c) (d)

USER1 98 94 88 92

USER2 98 95 80 88

USER3 99 94 80 93

USER4 100 95 88 94
AVERAGE 98.75 94.5 84 91.75
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Fig. 12. Average accuracy by posture
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