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. Project Concept
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2. Real-time Gesture Recognition & Remote Application Control

Control

Start
Sensing Gesture..
Recognized!

At 2 AFEXEO| GestureE Q14!
S0 MobileZ MO HA|X] M&

o
m I

Open Source Game
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. Project Map

Project 2 87 X 2%
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Project 7HE HiZ X X

GestureS AF&%H Al 2 & User Experience

Touch Interface

o G
- —

Gesture Interface

VRO S&0f [HE ME2 Y49
Interface 224 57}

Head Mounted Display

H102] S37HSwW 72X} Ci3) (ex. Gear VR)

VR(Virtual Reality) Application

Treasure Hunt VR ;

» GoogleO| 712t Open Source VR
Application
o Gyro MME 2830 ALERIQ| Al4 &
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A83t 7H5 A

Tizen Store S0 S7HE FAt App 815

No result found on the Tizen
app store for gesture controller!
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Gesture Controller AFE HHH Of| Al

Install Gesture Controller on a Tizen wearable
device

Install a Android App that will communicate
with Gesture Controller

Select an App that User wants to connect
Training the Gestures

Start Real time Gesture Recognition & Control
A& Jt& 8t CF2Fet Application 7H 2 ER
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. dystem Architecture

Provider Service (SAP) (MainUl |
training(any, any)

Message

onReceive() _ connect()
onServiceConnectionResponse() fetch(any)
Equation

disconnect() Sensor Data '

onerror(any) h

onreceive(any, an :
ive(any, any) predict(any)

onsuccess(any)

‘Sensor Data
GLTronGame Data Modification ﬁ Data Split
dataSplit(any)

inputDirection computeDft(any)
Players dataModi(any)
TimeCurrent getCorrelation(object)
doTurn() getEnergy(any, any) ‘
tizen.time getEntropy(any, any) fileIn(any)
tizen.preference getMean(any) filelnit()
getStd(any) fileInTrained()
sumofabs(any) fileOut(any, any, any)
sumofsquares(any) fileOutTrained(any, any, any)
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. Main Ul 718

Main

Connect

M a i n Train

A Ul

Connect

Train

Control

Disconnect

Main Page List
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|5 Mobile Device2t &Z

AHEXEQ| GestureE MA|ZS 2 QIAGHY| £
ot PageZ O|&
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SAP EAE 2|3t Mobile Device2t2| HAE sHA|
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+ OAP Connect / Disconnect

SAP (Samsung Accessory Protocol) : Bluetooth2 HZEl Smartphonel} Gear S2 & Device 7t0| 41

Control

Main

Connect e Disconnect

established with

Remote Peer
Train

Show Connection
Establish Message

Touch Connect Button Touch Disconnect Button

SAMSUNG
SAMSUNG

Connection Established
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|3t Protocol

Close connection

Show Connection
Close Message

Close Connection
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Training
o APEXIZH 27Tt Labellt uratlonOE Gesture®| 7I&E MM ZtS A=

=5t Array HE =2 K&
« Training2 SHA ZH ZHE SampleE9| Array 4t2 A8l EH ﬁl% 4

Train Train

0 114
option = ELEENO] option = long

= = S (&) & = O O

Completed
label = & option = long

= = S (J]

Short Long Long Short Long

Start Start Start
Set up Options Touch Start Button Touch Train Button

2. Duration of Gesture

Show Training
1. Label of Gesture Completion Message

&

Save an Array of Data
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° Control (Real-time Gesture Recognition)

o StartE FEA E|™, 50ms2| interval£ 7[7|2] 7tSE MM 22 Array HEHE 7HSSH0], THEAZ AR S|
Gesture € X| O£ E TELHSHA E

Control

Start
Sensing Gesture..

Control
Start

Start

Sensing Gesture
Gestrue Recognized!

option = long option = long option = long

Short Long Long

Long

Set up an Option Touch Start Button Make Gesture Show “Gesture

Duration of Gesture Recognized” Message
&

Send control message to
Remote Mobile phone

©
=
>
v
3
<
’
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. Algorithm

Gesture Recognition0f H&&l 2|

2 « Sensing Interval 50ms, 1X0] 2F 2071 HE& =&
o 22X SO WG El Gesturel| 75 Datas Array SEHE A&
« Zt Axis H 2 40712| Sample Data ==

« 3709 Axis * 407§9| 7t = Data = Array & 1207H2| 3t

« \ XS04 S Sxol
N AZHoj| 2 THEE

2t Samples =)

Accelerometer : A device that measures
acceleration excluding gravity effect

H103] 37HSw 70X} CH3) Let'eMove



. KOSSA
Algorithm

Gesture Recognition0f H&&l 2|

Raw Data Matching Extracting Features

. . Features
Min-Max Values Avg + Sigma ,
The DC component of the frequency domain ov

er the frame
The sum of all the squared DFT component ma
Frequency Energy gnitudes except the DC component of the sign
Domain al
The normalized information entropy of the DFT
Entropy component magnitudes, where the DC compon
ent is also excluded

Mean

Std The amplitude variability of a gesture

g - " Time . 2
P E Datags ZE S}/ WA Zf0F |57 | Domain  Correlation '€ strength of a linear relationship between th
e two axis
o CiYet SHO| et ImmunityZ7t A4« S& A0 [HE Variation0| 37| « Cheol Raw Datal| Bl Ci4l 7F5 = Data”?b 7HX| 2 UE Time
ol gls - B=HE lie *S [[H"‘O“ det: 2oy Domaindt Frequency Domain0 A 2| §&Z H|w
« Training Bt= 30f W2 YS=7F o Sigma S 718 22 0 2X0f G0 «  Frequency DomainO| 2| H{ B E Q|3 7}= & DataOl| Discrete
S7rotA| & B2 =517 [[H--Oﬂ R SEOIM Fourier Transform (DFT) 2 &

CH
Noise Immunity ‘= . AN Datal| X2 A|Zt Z0|0j| 2} VariabilityZt Z7HStD 2 B

=
e 370z Ly EXg =5
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. Algorithm

Gesture Recognition0ff HEE&l |

Framing Extracting Features

O Al) Feature 2, X axis 7t Al Wave?Q| Frame & Energy

Gesture 1 Frame 1 Frame 2 | Frame 3 | Frame 4
Feature 2 -8.17 -1.79 -2.77 -5.12
X Y A K
Gesture Recognition with a 3-D Accelerometer, Jiahui Wu et tal, Zhejiang University, Hangzhou Gesture 2 | Frame 1 Frame 2 | Frame 3 | Frame 4
Feature 2 4.27 4.59 -12.59 0.69

+  OStLEC| Frame 27H2| SegmentZ T4

B S X2 B
« O|28t= 27H2| Frame &}tL}2| SegmentE &7

« = Framel = Seg1 + Seg2, Frame2 = Seg2 + Seg3 2} Frame®| 2t = 4%HE B7t9| 2 AxisO| Zt
«  Training Sample=0| Z= 2} Feature2| &f
3

S0 /Kot Hoz2 BN &

=
Arst Gesture= Samplel| E =
Y Aojgts A L =+

« # of Frames = 4

ok N Ardo rlo
Hl
jn o
HT

. Z g0 gy
22 oS 4 Qg
° B
Egtr:ﬁf X (X-Dx)2 + (Y - Dy)2 + (Z - Dz)2 + (K- Dk)2 < R

e MEZ Q= 7k MM O O0|E Q| Feature 7t
O] 37t otofl YX|St=X| £HE
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Gesture Recognition0f H&&l 2|

Mean
Fr[()equer)cy Energy . o« Lo
omain - iropy 5 Features x 3 Axis (x, ¥, z) = 15 Characteristics of a Gesture
Time Std

Domain  Correlation

In Real time.. Calculate below equation for every 15 characteristics
(X-Dx)?2 + (Y-Dy)? + (Z- Dz)> + (K- Dk)? <R

If the result is true, it gets a Score

And If the total score you get is higher than a certain number, it
Is recognized as a trained gesture

--Zaxis--

D is a center point of the figure (Average of all points)
R is a radius of the figure (twice the Avg dist of all points from D)
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Test Result

Gesture Recognition0f H&&l 2|

True Samplell False Sample Xt0| 2 &%}
Low Noise Immunity

Samples | I 1 I

elipsoid 1 2 3 4 s & 7 8 9 101 12 13 14 15 16 17 18 L 19 20 21 22 23 24
2 14 14 13 13 13 14 14 13 14 14§77 8 6 9 6 7 6 w6 4 2 s 2 s
19 4 13 13 12 13 12 14 13 13 14§87 8 6 8 6 1 6 906 a4 2 5 2 s
1.8 4 13 13 12 13 12 14 13 12 14§77 7 6 8 6 1 6 886 a4 2 s 2 s
St9| HIX| £ 17 4 12 13 12 13 1 14 13 1u 14§77 7 5 8 5 171 6 7144 a4 2 5 2 s
ZIX|= Weight G 4 1 13 12 13 1u 14 12 1u 147 6 5 8 5 7 6 s5s§a4 a4 2 5 2 s
15 4 1 13 12 13 1 14 1 1 14f7 6 5 8 5 7 6 504 a4 2 a4 2 4
1.4 4 1 13 12 12 10 13 1 1 14L7 6 5 7 5 6 5 504 a4 2 a4 2 4
1.3 13 1 1z0a0 1 D9 12 10 10 12 i 7 405 1T 5 6 5 4 | a4l a 9 T4 2 4
—g—7l_|-9_| x| EH <mmm_circle § I i i } i | I
1 210 10 10 10 9 1 1 8 1o 6 7 7 9 8§ 7 6 § 2 1 2 1 2 1
1.1 12 10 10 10 10 10 1 1 8 1o 7 7 7 9 8§ 8§ 1 & 2 2 2 2 2
12 2 10 10 10 10 10 10 11 s 1ol 8§ 7 5 o 9 § 7 & 2 2 3 2 2 3
| |

True Samplelt False Sample Xt0| &gt
High Noise Immunity

« Circle HEf| S7t= A

« S{HHZ0 1.22] Weight 24E & (MZE &0 2= Data0fl Margin)

« ScoreZ} 8 O] @l Ztofl Csf HES U2 M 75%2 BE 43 A NoiseOfl CH3H 100% Immunity 2 &
]

« Weight &{S 27tX| &7t AM|ZE E2 R E2] BFUAM 152 ScoreE E & (Noise Immunity= X{5})
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Github Page

Current Github Open Source Libraries

« Tizen, Android 7|70l A &l & 5= U= Project Code

9

 Project Code | & 45 St 2%

- T8 g 2 7|50 Ofgt README.md Text 23

Future improvement as an Open Source Program

o

Algorithm 742 &%t Noise Immunity 24

« LCtYSH User independent Gesture Library ZHE

Short-Term Gesture0f| Cist M=t =0|7|

VR Application Control Example 712
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