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Introduction

. Shoulder Right
* Table Tennis became popular to Elbow Right “

reach 16 million players. Wrist Right

Correct Forhand Push

* Table Tennis major mistakes
while playing:

1- Waist movement mistake.
2- Elbow extends.

3- The racket ends higher than
the table.

‘nl-.llll_-l
L Main Joints used in TabI

oo (2 D O D 0 == ) Y 0 5 5 s o D O T



Problem definition

Enhance the classification accuracy and
provide online real-time feedback for
enhancing the player stroke style by

classifying the correct and wrong strokes
p, Using sensor device and IR depth camera on
- . different body joints.



Main Sequence Diagram

Plaiyer I:IClassification St:StrokeClassified Se:SessionData Db:DatabaseHelper
i ! ! ! !
; | | |
CollectData(array signals): Array o i i i
extract(FeatureExtraction ex): String i
classify(array signals): string i i
L multiLevelClassification{Preprocessing prepro, Session session): SessionData !
L testingClassification{Preprocessing p&epro. Session session): SessionData i
i calculatePerformance(Session s&ssi:im_u void i
< classifiedResult ™ i
| classifiedResult N |
Alt / i ! i
i i [If Data isTestad]
i i StoreResults()
< i Saved Sucessiully i B
i i ;Else]
ommmeemmmeemmee e mee e emnnend {.....EmorMessage A R
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Database and Firebase Schema

14 Tranlt database th_SessionData
% id :int(11)
& StrokeDataJson : text

14 Trainlt_database th_ClassificationResult

id rint(11)

# errorRatio : int(11)

@ errorType : varchar(100)

# isMistake : tinyint(4)

# isForehand : tinyint(4)

@ strokeType : varchar(100)

# performanceRate : int(11)

# NumberOfWrongStrokes : int(11)
# NumberOfCorrectStrokes : int(11)
# TotalNumberOfStrokes : int(11)

12 id:int(11)

| ¥ Trainlt_database th_Session

4 4 SessionDatalD : int(11)
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7] & Trainlt_database th_Players 1@ Tranlt_database th_UserType 7@ Trainlt_database th_Report
ﬂid:int{ﬂ}_ B 2 id :int(11) * & id :int(11)

# userlD : inf(11) » [ usertypeName : varchar(250) # playerlD : int(11)

# coachedBy : int{11) M date : date |

# playerNumber : int(11) # numberOfCorrectStrokes : int(11)
4 rate : decimal(10,0) # numberOfWrongStrokes : int(11)
@ BestRecordDate : date # errorRatio : double

4 level :int(11) # performanceRate : int(11)

& handUsed : varchar(8) # TotalNumberOfStrokes : int(11)

U] & Trainit_database th_Users
% id rint(11)
& user_name : varchar(250)
@ email : varchar(250)
& password : varchar(250)
& phoneNumber : varchar(15)
M birthdate : date
@ gender : varchar(10)

'," # usertypelD : int{11)

| # parentlD :int(11) "' 4 addressID : int(11)

IE addressName : varchar(250) 4 user_picture : blob

# clublD : int(11)

U1 & Trainlt_database th_Club
% id rint(11) i
{ 4 addressID : int(11)
& clubName : varchar(255)
# rate : double

=

ﬂ {3 Trainlt_database tb_Nofification
L id s int(11)
it & fromUserlD : int(11)
4 4 toUserlD : int(11)

& message : varchar(250)
) (I subject : varchar(250)

1@ Trainlt database th_Address

TrainT »  Database

trainit-f3dae
= Database
=~ Player1
=~ 2020-01-09
: -Ly9t01-m3A9YGZhDHm

| id :int(11) ‘
# playerlD : int(11)

{ 4 classificationResultiD : int(11)
7 startSessionTime : timestamp
7 endSessionTime : timestamp

~ Result: “Correct Forehand Drive"
Shortest Distance: 8.861119573987139384
=~ Wave Points
- 0: "0.089365317"
1: "-0.63182776
2 "1.293191°
—3: "B.2461557
—4: "-.2542953
5: "1.362811



Model

Class Diagram
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1D int

- parer

+ createReport(Player player, Session
session}

- int
- errorType: string

+ viewMadule(UserType usertype): void

+ viewReport(): void

+ viewTralnhingSession(): void + viewModule(UserType usertype): void
+ viewClubManager(): void

- adminController: AdminContraller

- id: int

- Arraylist=SessionData>: sessionData

- classificationResult: ClassificationResult
t

+ CRUD interface
+ getAddressChildren(long

+ viewNaotificationsQ: vaid

ReportPerformance Yearly

View
- Notifications - Extras
<<interface>> Reports <=<interface=>>
- id: int s int SharedPrefManager RequestApi
- playeriD: int §
+ _create(array data) P - message: strin
. n, array data) - erroriRato:; double Slbject suing + performanceRepori(Player player, Report report) instance: SharedPrefManager S=interface>> ]+ velleysingleton: Velleysingiton
M n array daca) - performanceRate: Double + comparisenReport(Arraylist=Player= p, Report report) VolleyCallBack
. TotalNumberOfStrokes: int :
+ “delete(array data; + createMotification(): i N . -
M seamh((a,,ay data)) - NumberOfWrongStrokes: int Boolean pecorative — + userLogin(User user): Void + selectApi(: Void
- ¥ - NumberOfCorrectStrokes: int " — s +isLoggedin(): Boolean + enSuccess(String rasuly + insertApiQ): Void
es: + readNotifications(): Arraylist ReportPerformanceDaily ' L Getuner0: User DO N
eor )_7 + CRUD Interface P | + logout(): Void + updateApi(): Void
-
~id: int UserType int ore < p S - |
- userName: string HH : + createReport(Player player, Session - - — — — — = — - — - — — —
¢ - aduresz. Address .
iy - dris. Add e i ~ 3 3
- password; string N - et
B LhuneN..mbE, atring HH - usertypeName: string = - rate: int | <<interface>> L) CoachModule ClubManagermModule
_ Birthdate: date Player I+ - ReportPerformanceWeekly | IModules
- agnde, Bll,jng l4] + cRUD Intertace > = + CRUD interface | - coachController: CaachController
- Usertype: Usertype 9§ Tuser: Users -
- alm::'recs; éﬁddress T - nlzl-yefrlwulmner‘ lang % —— — —’l + viewModule(UserType usertype) + wcwMoaulL(userTyr:c usertype) + V,ewMﬂdl”p(u<erT\,pe usertype)
- club: Clu J - rate: float ; o + viewReport(): void + viewCoaches(): void
; ; SessionData + ereateReport(Player player, Session
- user_image: String <> bestRecord: time Seasiomy " (Player play | Decorative + viewSendMsg(: void
TERUD e - handUsed : string | int N + viewListPlayersQ; void
nterface - level: int _ strokesxyz: Array | ¥ — + ich nentsQ: vaid
ReportPerformanceMonthl -
Address + CRUD Interface + CRUD interface P Y I PlayerMadule 1 §>
_id: int - | <> - playerContraller: PlayerController v
- —
_ addressname: string - ClassificationResult Secoion | AdminModule
T

parento) - isForehand: boolean - playeriD: int ~ Authantication
- strokeType: string - sessionlD; int
- performanceRate: Double - sessionDate: Date authController: AuthContraller
- TotalNumberOfStrokes: int - stanSessionTime: Time — —
NumberOfWrong Sirokes: int HH - endsessionTime: Time

+ createReport(Player player, Session

- NumberOfCorrectStrokes: int session)

+ loginintoSystem(): void
+ forgetPassword(): void
+ regestration(): void

+ CRUD Interface + CRUD interface

+ AddToReport(): void

1 I

.

|
Controller |

IRCameraSingals WearableSignals ClubManagerController CoachController PlayerController AuthController
- user: Users - user: Users
- o \ et ity + viewPerformance(): void N 3
- . . + addCoach(): Boalean + searchPlayer(int : Player + getlListofNatifications(Naotification n): Array i .

+ intakeStrokeSingal(): arra + iswWifiAvailable(): Boolean

T imakaswokesingalo: array | [T o0 array O e asting: Bostean T R Iayer A hman <G, String> map): e ettt e = S L v AN © Iswitiavailable0: Soolear

- getcameraPoint(): vold + cuttingStroke(): array \_m| + deletecoach(): Boolean Boolean X + startTraining(strokeClassified sc) : Boolean + checkEmail(): Boalean
+ ListCoach(UserType usertype): + updatePlayer(Hashmap=string, String= map): + endTraining(strokeClassified sc) : Boolean + checkPassword(): Boolaan
Arraylis ach= Boolean + getTrainingResults (ClassificationResult cr): Array + sendTemp! atificaiton n, User user): void

L J + viewClubinformation(Club club): + deletePlayer(int id): Boolean
- T Y - Array + selectAllPlayers(UserType usertype):
vt L + updateClublnformation(Club club Arraylist=Player=>
Strategy —<interfaces= Boolean + sendMotification(String message, AdminController
SignalinTake Arraylist=Player> players)
S C ; T T + showPlayerPerformance() _user Users
+ intake StrokeSingal(): array + comi-:ar_cl‘_F'Iaﬁ;;spcr_:_arr."-.mcgo
+ cuttingStroke(): array strokeClassified + monitorTrackPlayerTraining
+ MovementsToDatasel(SellLearning sl): void + addClubManager(): Boolean Singicion N\
- player|D: int + updateClubManager(): Boolean
v - joints: array ) + deleteClubManager(): Boolean

- classifiedResult: ClassificationResult

+ selectClubManager(): Arraylist

Preporocessing VolleySingleton

)
+ ListClublnformation(): Arraylist=Club=>
+ ListClubManagers(UserType usertype)
Arraylist<Users=>

+ testingClassification(Preprocessing prepro, Session session, SelfLearning si):
SessionData
+ calculatePerformance(Session ses
+ multiLevelClassification(Preproces
SessionData
- extract(FeatureExtraction ex): String

I

+ DatasetPoints: array - requestQueue: RequestQueue

n): void
ng prepro, Session session):

L

FeaturcExtraction

SelfLearning

+ strokeMerge(IRCameraSignals irSignals, WearableSignals wSignals): array
+ KalmenFiltration(): array

+ InterpolationExtrapolation(Array points): array

+ optimization(IRCameraSignals irSignals, WearableSignals wSignals): array

+ getRequeseQueue(): RequestQueue
+ getninstance(): ValleySingleton
+ addRequestQue(Request request): void

+ datasetPoints: array
+ sessionData: SessionData
+ labelMovement: String

sSMs

DatabaseHelper

svmM Hidden Markov

checkSimilarity(): Boolean + observer: Observer

Naive Bayes ]

-
+ 'gTo: String + dataStroke ToDataset: Void - ’HNEN'N“'"H it
= 2 set - userName: string
N m + addNewMovement(): Boolean
+ magnitudeFunQ: Void ? + sendMsg(observable dependent): - password: string
f + standardDervation(: void + \sNzwDatasetAcceptEd(), Boolean o s a( P ) ey
+ classity(array signals): string | + classify(array signals): string + peekAmplitude(): void e e s o NG 1 h): Val - con
+ classify(array signals) | + meanFunQ: void raadDatasat(); array - db eonnection
. | + medianFun(: vaid + CreateNewDataset(): Void wh + instance
—_——— + minimumEunQ: veaid r atsapp
| Random Forest + maximumFEun(: void
KNN <<interface>> | =S AT ANt + cbserver: Observer + getinstance(): volid
IClassification Observer e - connect(): vaid

- query(string query): array
- where(array condition
- whereLike(array condition): array

+ select(string table, array conditions): array
+ insert(string table): void

+ delete(string table, array conditions): veid
+ update(string table, array data, array cond;
- execute(string query): void

+ errorMessage(): String

+ sendMsg(observable dependent):
J'— wvoid

+ sendMsg(observable dependent):
v

<<Abstract>>
Observable

+ classify(array signals): st

Deep Learning Time Series

o + classify(array signal

string

+ classify(array signals): st

Strategy

+ phoneNumbers: stri
+ messageContant: string
+ messageSubject: string

Email

fastDTW Recurrent Neural Netwaoark

ions): void

FacadeNotificaiton

+ observer: Observer

LT _J

{______J'\_

+ attach(observer obj) + sms: SMS
+ deatch(observer obj) + whatsApp: WhatsApp
“+ natify(Natification n) + email: Email

4 able dependent):

+ classify(array signals): string + classify(array signals): string

+ classify(array signals): string




Algorithms Choices (1/2)

Light Sport Exercise Detection Based on Smartwatch and Smartphone using k-Nearest
Neighbor and Dynamic Time Warping Algorithm

Table 2. Result of Iteration 3 Daja Tigining Process

: . . . k=1 [[k=3\| k=5 | k=T
* They proposes a light sport exercise activity Motion | Parameter ( .\ / @) \ ) | (%)

detection system. Sensitivity | 100 [| 100 [\ 100 | 100

Push — — — .
* They used k-Nearest Neighbor algorithm. Up Sf:;',tl]::lyy 222:’ 2;8’; ‘:;;3 222;
* Result: On the value of k =3, the accuracy of push Sttty | 6001 | 100 |po.d0 1,500
up motion is 76.67%, then 80% for sit up, and L Sftt:ltl':i‘yy SLO;)( 188 7170;)8 7170;)3
96.67% for squat jump activity. o | Sensiivity 56.671] 66.67 ] 100 | 100
: /lij::l’) Specificity | 100 | 100 [83.33 | 100

Accuracy | 88.89 \88.89/] 88.89 [ 100

N\

Nurwanto, F., Ardiyanto, |., Wibirama, S., 2016. Light sport exercise detection based on smartwatch and smartphone using k-nearest
neighborand dynamic time warping algorithm, pp.



Algorithms Choices (2/2)

Toward accurate dynamic time warping in linear time and space

* They introduced FastDTW Algorithm, a linear — Tﬂ:k" T
and accurate apprOXimation O.I: dynamic t|me AYLNgL LITOI'O“‘LI]TLLJ gonl ms at selected radius va llLS(LITOTS
: of the 3 groups of data are averaged)
warping (DTW).
Radius
* Result: an average error of 8.6% with a radius of 0 1 0 030
only 1, and increasing the radius to 20 lowered DTW____ 92% _ 86%  15% 08% 06
the error to under 1% Abstraction ~ 983.3%  547.9% 6.5% 28% 1.8%
Band 2749.2% 2385.7% 794.1% 1368% 9.3%

S. Salvador and P. Chan, “Toward accurate dynamic time warping in linear time and space,” Intell. Data Anal., vol. 11, pp. 561-580, 10 2007.



DTW Algorithm

|

Parallel Programmed

2 Arrays
1- Each array from the dataset.
2- Filtered array of stroke intake.

The algorithm is able to find the optimal alignment
between the two time series.

It finds the nearest optimal alighment between the
2 arrays and compare them.

FastDTW resolved the problem of quadratic time
and space complexity which limits the use of small
times series datasets.

The shortest distance between the 2 waves.



Experiments Setup

* Kinect was placed on a box
with height, 65 cm from the
ground.

* The player is standing away
from it with a distance
between 152 cm and an angle
20 degrees with the Kinect.

e 500 strokes was recorded
from 5 different players.




Results

Time complexity: 120
* FastDTW: O(N)
* KNN: O(n2)-O(n3) v
* SVM (LibSVM): O(n3) N
40
* Naive Bayes: O(Nd)
N = number of training examples, ”
d = dimensionality of the features
’ KNN SVM Naive Bayes

B Correct Backhand Push m Correct Forehand Push ® Wrong Backhand Push

Wrong Forehand Push M overall Accuracy

FastDTW achieved high accuracy



g * The paper was published in (The 11th International ANT 2020

ELSEVIER

Conference on Ambient Systems, Networks and
Technologies) in Poland under the title of “Online detection
and classification of in-corrected played strokes in table
tennis using IR depth camera.”

* Currently writing a second paper (Journal) on the fusion
between Kinect and other sensors helping increasing Table
Tennis player performance.

* In collaboration with Al Ahly Club and Table Tennis
Federation.
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Player Performance SIGNOUT  § Player Performance SIGNOUT & Player Performance

Daily Weekly Monthly

Monthly

Monthly

Player Monthly Report

Monday, 65%

Thursday, 99¢
Friday, 55

Sunday, 88%
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69

8 X & 2

“= Dashboard

D . D
Dashgboard A "! G ‘

Dashboard

a

o TIME
23:5176

C: 50
Ww:9



7

v

57 Q0 L E -

Dataset Entry

SIGN OUT

-
-
-

GUI Sample

Training Start In:

1
)

Training Start In

831 & QO L @ -

Training Session SIGN OUT

2

START TRAINING

Training Start In:

1
9,

CANCEL

R

Training Session

A &



Demo

Video is Uploaded



Any Questions?



Common Mistakes

Common Mistakes in Push Stroke Common Mistakes between strokes

Wrong Wrist Backhand Push |

[t
Forhand Push Wrist Error

o Elbow

- \ Elbow Extends /
Ty — % Extends

The racket
Position
ends
higher
than the
table level

Wrong starting angle
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Similar Systems (1/2)

Average accuracy stroke detection and classification

» Device Used: mobile device.

» The system detects and classifies tennis strokes:
forehand and backhand.

» Average accuracy 77.21% and 69.63%
Detection the wrist movement.

» Online Feedback.

v

Viyanon, Waraporn & Kosasaeng, Vimvipa & Chatchawal, Sittichai & Komonpetch, Abhirat. (2016). SwingPong: analysis and
suggestion based on motion data from mobile sensors for table tennis strokes using decision tree. 1-6. 10.1145/3028842.3028860.



Similar Systems (2/2)

Offline stroke detection and classification

» Used miPod sensor attached to the racket handle.

» Detected and classified 8 types of strokes with
overall Precision of 95.7%

» Best accuracy was SVM RBF algorithm.

» Classification based on the player movement of the
racket.

» Detection the wrist movement.

» Offline Feedback.

Stroke Detection

I
:
1
1

-

Negative masking

v

! 3D
Energy calculation |4 accele-
3 i | ration
Butterworth D
high-pass filter ! | angular
! | velocity

|

Stroke
intervals

>

Peak detection

Blank, P., HoRbach, J., Schuldhaus, D., & Eskofier, B. M. (2015). Sensor-based stroke detection and stroke type classification in table

tennis. Proceedings of the 2015 ACM International Symposium on Wearable Computers - ISWC '15.
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Stroke Classification |

Feature extraction

v

Normalization

v

Classification

___________________________



Algorithms Choices (1/2)

A Method for Hand Gesture Recognition

* They used Microsoft Kinect sensor.

* They used Naive Bayes classifier.

MU

TABLE Il
CONFUSION MATRIX

e Result: They implemented and tested this algorithm

for 15 images of each class, It gives a correct (‘;fﬁk h [L; ;J; ;} - d::i”f”d =
classification rate of 100 %. ONCT5 [/ 0 | 0 )
0 |16 [ &0 =
HEEENE d=4
0 [0 0 [ LIS =5

[2] Shukla, J., & Dwivedi, A. (2014). A Method for Hand Gesture Recognition. 2014 Fourth International Conference on Communication

Systems and Network Technologies. doi:10.1109/csnt.2014.189



Algorithms Choices (2/2) MU

Human posture recognition using human skeleton provided by Kinect

* They proposed a method for human posture TABLE I, RECOGNITION ACCURACY OF FOUR POSTURES FOR OFFLINE

recognition using skeleton provided by Kinect device. EVALUATION (%)
* They used Support Vector Machine (SVM) for Accuracy| Exl | EX2 | EX3 | Exd | EXS | Exb | ExT
classification. Posture
Dlanding 100 189.67{ 100 (8893 | 100 [81.I8 | 100
e Result: The obtained results show this skeleton allows Siting 100 18898 1 100 18653 1 100 16122 1 100
classifying well four postures. LLying 100 [ 0 [9543] 0 [9543] 0 [9253
JMWF 10T TO0 {9809 | T00 [o8 8811t 9‘7‘.-14.>
Averige— 13431 98.38] 70711 98.651 68 2

[1] Le, T., Nguyen, M.Q., Nguyen, T.M., 2013. Human posture recognition using human skeleton provided by kinect. Doi.



