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[Abstract]

In this paper, we design and implement KITNESS, a windows application that feeds back the accuracy
of fitness motions based on Kinect sensors. The feature of this application is to use Kinect's camera and
joint recognition sensor to give feedback to the user to exercise in the correct fitness position. At this time,
the distance between the user and the Kinect is measured using Kinect's IR Emitter and IR Depth Sensor,
and the joint, which is the user's joint position, and the Skeleton data of each joint are measured. Using
this data, a certain distance is calculated for each joint position and posture of the user, and the accuracy
of the posture is determined. And it is implemented so that users can check their posture through Kinect's
RGB camera. That is, if the user's posture is correct, the skeleton information is displayed as a green line,
and if it is not correct, the inaccurate part is displayed as a red line to inform intuitively. Through this application,
the user receives feedback on the accuracy of the exercise position, so he can exercise himself in the correct
position. This application classifies the exercise area into three areas: neck, waist, and leg, and increases the
recognition rate of Kinect by excluding positions that Kinect does not recognize due to overlapping joints
in the position of each exercise area. And at the end of the application, the last exercise is shown as an

image for 5 seconds to inspire a sense of accomplishment and to continuously exercise.
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I. Introduction
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Fig. 1. The reasons why people give up using Paid
Fitness Facilities[1]
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Fig. 2. The reasons why people do ‘Home Training’[3]
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II. Preliminaries

1. Analysis of Existing Fitness Applications
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Table 1. Existing Fitness program
Fitness pILCs
Classification | Just Dance X Kinect
Boxing ..
Training
Motion Motion
Type recognition recognition | PT program
dance game | fitness game
Device Multiple Will Kinect
Controller 0 0 X
Exercise A pose that Boxin aggressive
osture Is difficult to osturi g%sture
P follow quickly P P
Real-time
posture Text Text Audio
feedback
Exercise
. Character Character Character
guide method
hari
How to . Shows the N arl.ng
. showing the exercise
induce days you .
. game score . achievement
continuous exercised on )
at the end rates with
use the calendar .
friends
How to see X X Character
the user
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2. Kinect Sensor
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Fig. 3. Kinect Structure
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Table 2. Specification of Kinect v1, v2 sensor[5]

Classification Kinect v1 Kinect v2
resolution | 640 x 480 1980 x 1080
Color
fps 30 fps 30 fps * 3
Depth resolution | 320 x 240 512 x 424
fps 30 fps 30 fps
Player 6 6
Skeleton 2 6
Joint 20 25
0.8 ~ 40m
Range of Depth (Near Mode 0.5 ~ 0.8m
0.4m ~)
0.8 ~ 40m
Range of Detection (Near Mode 05~ 45m
0.4 ~ 3.0m)
Angle Horizontal | 57 Degree 70 Degree
Vertical 43 Degree 60 Degree
Tilt Motor 0 X

3. Kinect Sensor Function
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Fig. 4. Joint ID Map recognized by Kinect
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III. The Design of a KITNESS
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Fig. 5. Incorrect recognition results (B) of
overlapped joints (A)

KITNESS®] €5 ARl 37 &, &j2), telz wa3
t}. 22 33 69] (a)2} o] vz} 7120] So)7], el
3% 69] (b)e} 7o) @72] S2)7], ‘Tl 13 69] (o)

9} o] g% =2 oz JHa|z BRI

G
O

|

02| 71201 5 =07

=

$EpEgozeap|

———

@92 s27)

(a) Neck (b) Waist (c) Leg

Fig. 6. exercises
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Table 3. Development Environment

Classification Environment

HardWare
SoftWare

¢ Kinect for windows (Version 1)
e Visual Studio 2017
e Kinect SDK 1.8

IV. The Implementation of a KITNESS

2 =204 k= KITNESS d=-$ ofZ2|7o]4d
< 7|9 EQ] FIA(Depth) AllAOllA] AllZJgh Hlo]&Q} ALE-
ALo] 28 AJHQl £QIE(Joint)2b A7 E(Skeleton) 7

S P8&sto] JJEYA N9 AHEwES THIL
KITNESS t3lof] @ Qst ZejA= | 49 At

a8 72 5 AA AE stEos 2Q T]e
Selection Classol|A] 37}X] o|flE & JLAJ=IC}

Part

Table 4. Function of Class

Function and Method
25 AMM| AE
¢ PartSelection() ¢ Btpart_Click()
¢ part_mouseover() * part_mouseleave()
FUE Q4 OD[X|E MAZCE £
¢ Kinect_View() « dispatcherTimer_Tick()
¢ InitializeNui()  nui_ColorFrameReady()
¢ nui_AllFramesReady() » SavePng()
FIHE QA TH HE AN HE e
¢ point_set() « GoPosition_Check()
TH| M, 7|9E A7 &l
¢ Default_ready()
 dispatcherTimer_Tick()
¢ Btstart_Click() « Start_Check()
235 H4¥ =M e
¢ Default_start() « dispatcherTimer_Tick()
* check_return_val_right()
¢ character_img_change()

 restart()
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Class

PartSelection

Kinect_View

Kinect_Point

Default_ready

Default_start

Neck « Check_right) =« Check_left()
. sel 25 A
Spine « Check_right) = Check_left()
] tel 25 At
€9 « Check_right) =« Check_left()
= ER A 71y H20 253 AR 20]]
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o Exit() * set_img_name()
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Table 5. WpfAnimated Gif Code

1: var uriS = new Uri(@"image path/“+((Button)sender)
Name.ToString()+".gif", UriKind.Absolute);

2: var image = new System.Windows.Media.Imaging
.BitmapImage();

image.BeginlInit():

image.UriSource = uriS;

image.EndInit():

WpfAnimatedGif.ImageBehavior.SetAnimatedSource

(img_gif, image);

7: img_gif Visibility = Visibility.Visible;
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Fig. 8. Preparation Screen
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Table 6. InitializeNui Method Code

1° nui = KinectSensor.KinectSensors[0]:
2' nui.ColorStream.Enable():

3" nui.ColorFrameReady += new EventHandler<Color
ImageFrameReadyEventArgs>(nui_ColorFrameReady):

4 nui.DepthStream.Enable();
5' nui.SkeletonStream.Enable():

6' nui.AllFramesReady += new EventHandler<AllFrames
ReadyEventArgs>(nui_AllFramesReady);

7% nui.Start();

©

* Kinect_Point.kinect_c = true;
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Fig. 9. The flipping position shown in the tutorial

Table 7. GoPosition_Check Method Code

1: test = points|[(int)JointType.ShoulderRight].X
< points[(int)JointType.ElbowRight].X
&& points[(int)JointType.ElbowRight].X
< points[(int)JointType . WristRight].X
? true : false;
if(test) {
if (points[(int)JointType.Spinel.Y >
points[(int)JointType.ElbowRight].Y){

w N

4: test = points[(int)JointType.ElbowRight].Y + 20
>= points[(int)JointType.ShoulderRight].Y
&& points[(int)JointType.ElbowRight].Y - 20
<= points[(int)JointType.ShoulderRight].Y
? (points[(int)JointType.ElbowRight].Y + 20
>= points[(int)JointType WristRight].Y
&& points[(int)JointType.ElbowRight].Y - 20
<= points[(int)JointType WristRight].Y

? true : false) : false;

5: if (test) {

6: if (points[(int)JointType.Spinel.Y
< points[(int)JointType.ElbowLeft].Y) {
7: return true;
8: } return false;
9: } return false;

10: } return false;
11: return false;
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restart

(b) Incorrect posture

Fig. 10. Exercise Feedback Screen
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Table 8. Position Check Method Example Code
I if (Kinect_Point.points[(int)JointType.ElbowRight].X
> Kinect_Point.points[(int)JointType . WristRight].X) {

2" if (Kinect_Point.points[(int)JointType.Head].Y
>= Kinect_Point.points|[(int)JointType.HandRight].Y
&&Kinect_Point.points[(int)JointType.ElbowRight].Y
> Kinect_Point.points[(int)JointType WristRight].Y) {

3 if (Kinect_Point.points[(int)JointType.ShoulderLeft].Y
< Kinect_Point.points[(int)JointType.ElbowLeft].Y
&&Kinect_Point.points[(int)JointType WristLeft].Y
< Kinect_Point.points[(int)JointType.ElbowLeft].Y)

{ return 10/ }

} return 1;

x

"} return 2

>

return 2;
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Fig. 11. Program end screen
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V. Conclusions
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