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ABSTRACT

In the process of sport learning, learners spend a lot of time on practicing in
order to develop.correct action habit. Take golf practice as.an example. Without
the supervising of coaches, novices may keep practicing wrong swing actions,
and that will cost more time-later on to correct-the wrong habit. It would be
helpful to let learners can be aware of incorrect swing actions in self-training. In
this work, we propose an IMU-based solution to help learners by allowing them
to review their swing trajectories and also learn key features of the swings. In
the proposed system, we build a BSN-based environment and there are IMUs
composed of an accelerometer, a magnetometer and a gyroscope used and
attached on the human body like wrist and waist, and also installed on the golf

club to collect inertial motion data. We give the algorithm as cloud services to



processing the collected data thus that swing trajectories can be calculated and

more swing features can also be extracted to assist learning process of golfers.
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(a) Measured by an IMU with small sensing-range (b) Measured by an IMU with large sensing range
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(b) Rotate by a pitch angle @

6: KLAZA

VA Yaw A#973% B BB 6. (a) PTon o T4F

X9 = COS Xy + sinpy; = [ cosy siny 0 }
B

Y2 = —sinyxi+ cosy; = { —sinYy cosy 0]
B

Zz:ZlI[O 0 1}

¥

B

VN
N
| N
=

_—""\
AN

»e
1
'
'
'
.

]
[y
'
]
v
<
=

Y

(c) Rotate by a roll angle ¢
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Initialization
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Transformation :
Extrapolation
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No End of swing?
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Rendering 3D swing trajectory

B 7 A R Bk AR
HoiR B G R 6 BAR BB IR T g, p » feds fE0F B 25 R IRl AR dufBst ik v, = O 0464

Bpy=0° 4246 Elar g R3T o R aCIRIBZIMINE T 8 kw7 PTw o

v Ik

= R RAEF BT R B A0 » BF— 91— T LT ZRAEEITH S L E g RS
BRI AR R4S » AP EAT R4 PR w2 — B 9 AT MRS B A
A S H RN IS BT R ERR - S HE S BRIEEATRYE  BERRZR 0 o
R AR - R AT A E R A SALR R BT GIEAT I o AR LR
PEFE B R KRB AR E R MBSO IEPBRETUH B E BR S LY o

CIRA A A AR B fr—1B = ) K AGAFATF o RATT LASEHRATAT SRR i 35
ARG ALE AR B BAR B4 TS © Fig AR B SR B ST VA AEAT B AR -8 B AR B 09 14T T

IE o BATEH T o KL SIS X T Bk o 3R 3 AT SR RA]

21



FEEAIFRC AN 7y ik VAE R B Ve Bk o

6.1 ABARMSRBZ R &

HAPHE AP B A By Ve BISRES (R Ar B AAEES © LA B - EARIAES © TAT
P I AEARTE LR R AR A SR SR by BRI A P 6 o 7213408
SARATBALIO AR » A IR KT A EMISRIS R o

AL B R AGHR B RO BKSATAT ) FE + Lo R RS HAT S 4 45 0 2 BB P B 5 _E AT B2 B
AR o IABBAE S 3 A A HALE EAL S S A AT RO M2 § _EARTASS A AT E 1E 51
B HATR AT E 4TI B B A P B BB R B 415 E Flead it - J6E T AR
TR B AL IB A A o T4 TR 4T AR R - i A1 80 R By VB SR AT 1205
BRI SRR PR A AR BAny o R TANAAEY © & AL T AT
S5 R AT TS R IR S8 AR T AP\ R RT3 i A A adE Y

B R B o

6.2 AT HISEIE I BRI 1

1838 B EHOR RIS - SRR S MR AT R R A E M3 AR
— B AT S T B FLIIE R ATAT L AR TARRT I
TALGI A B B RS A LA B 7 4t - SRR B & — (BB AR M TR
FRABAL by IS v B E I P (R S AR H A0 HARTS o —fiiide + EARIREO R S
KHATHRIS (B4 AR ) Attt o B B3k 5| — (B & B A0 I84L - TARASH) A1 feik 5
o 2 TR 0 MR S B AR T ARE A B P aRABAL ) f bR B 6 MBS R R TR LATAR T
FE, » B T4 Bl LA TAT) By e Bt BT Mo 00 o

LB 8 Akt B AR T hATABAL 60 A MARTS + B B 69 e B E AT

TR R A E e B TATHIT - QR R AAMBIRIE » e AT P B TAT P B AT S MR

22



TR BAIRE o
o4 PR 1 4 00 B4R RS X M AR b B — 18- B 1 » B OAMACH » EARRT LR AL
et B e FATE B B 69 B1E AR LR AL AR B e EARTAESZ M a9 By 1F  TAERT IR

N7 EAFTAR A TTAT F B 6 By AF ~ TATR LRI TAT T B A Bk B2 M 69 §y 1 -

S AT B AL SRR AT R AL B

6.3 AEFIHESK

WL R E ARG IRSAR T AR & WIS RS 0 ARAR I 3R AT M0 AL E AR AE
SEH AT hik L AR E B L o RETTUAHRE MR » ANBARE & MISERs 03 &
5 B IR VAR BRI > S — R I E B BART o

9 B RFRAIGLE T 69— 5 @ RAFATF AT Aok BT RAR AR A > 1BALE

A LR B e By ik ) RN e B P AART Tig e 4R =T RE e s RF MBS > B 9

23



(a)™(c) fRAHIE T AL s ~ EATP 86« EARTASE © TALG SoAodiaf g o

25
_ T e g,
Ol 1 0
C 15 '; gZ
g 10
g 5
E . > Time
2 . 51 101 151 201 251 301 35!1 451 501 (0.0055s)

H

10 v

15

15 P ax

B

’;? 10 /)6h @,
g = g
£ . g~~~  Time
N—r
P ' 40; as1 so1  (0.0055)
= -4
?:5 10 E_
= s :
(@)
C 20
<

@) (b)  (©) (@)(e)

Bl 9: &M KIFIET 9B ED R

ARAZ T RATAT 58 A4 42 B R 34 P o BT AR SRt ARAT 842 P B — (B WSS 09 1 3| 77 % o

o ALHLEL :

5 B 693 RSO P46 53 e B B VR BGRB8 3RATAL R ARAS T HARAT » I
AHARD) > Bk a) By i A BIALLEBEZ AT AR A G AL > AU TR A A1 T 5 B M4 947 58
BB R - AN L EE BB o ST R AR R A L A B AL A B M FIETAT I o 4 O-
16948, 5 4% BIAEARSE o B0 Bk A S SRR SRAE M 3F i 3R AE 4L - 2 B—4%
BEAATH & BT FIeA) A EMMAER L LB G eidiE LT Bk E
4 B AR LT B ARRAE AR A B P TR R ARG T w, A9 8L ARG
TP RGAZ EAHF LR EE (B 3) THRRRMNE 2 dht S8 /MEF-F @6y - ke

BT M BAAT SRR AT IS0 L & ©
o FAFFE::

24



FAIEEE  REEAAT AT By Ty e ds o £ IATBR P B AT B L 0 BT HR
FIHAT B GE— PR P T o AT A A — AR RGBT AR
BERE » LAFT L AR E A RAE A FIBIARAE » T & A AMEAT a0 2 $h6) AR
AN S w, AN B~ ERBIERAL o BINRAFER T QAT R ES
Ve 8 BRI R JBAZEY y S8 R WHE D] FAT P a0 842 T » btk &4 > w EIK B
B Sy @i Ak g, £ EALE ik Bl — BT B B B M » g, £
XEEH e ERRAR y XA E N HEEERA > BB EAREZI o LERE
FIBTRIEY AT/ B 9-242 1 9-309 EMER - R A EAT AT BB AT E 4336 ~ A7
g AT Mo 04 Bt ) 0 FEAT AR BRI E o e ig Fok @ 0 B T Bk PIETAESRE > Kk

SRS A5 R A8 AR E 8 B A TR 5] 2 AL 6 36 92 FATTARE Ay ERS B B2 K] o

EAFIASS

w38 AR B 1R 3R BAFAUIEATIAE LR 0 b e IR AR o SR B A R AT B ER A %
B RPTRGEATIALE o B T AW RETPITE 69 41 2  SeBF ey 5 B2 I23 e 5 B AR - B
E¥ g 2R RE GRS o daME EATTARS T — 18 2 R0 SEES o e B g B &
R AR LAFTASEEGIBAL P AT 3R L 69 3R E QAR A 42 Y 69159 0 BRI B e RR

Z gt RAEAL GRS IR 0 4ol 9-4 8 EAEAZ 2T o

TAFFE

Fpt EATTASS 6B ATH) TARBAR P » fo LA R 7 2 BAFHATAE T4ES) - 3t e abld
B aE R PAFTARZ IR e s 4R 6902 5 » Fhsb et AT SRR L E B TAF P B
L FAR P B FAG A 0 ETARF B - bR e @ E KA RS > W
A TAREE » 8 B UBAMR 8y 7 R TAAT@E » 23509698 B a2 AErF M A
TRy dEANBERK  ATARP IR ARHACELTRE S AL TARERETH v

SO R BY AT T A TAT P BEZ AT A TAT P BB GICEL © o 9-5894%32 T o b

25



B8 0, @R —AB SR AT BATA o
o EIREE :

£ B A TARBARE S ik o MBI RO T RS aERT G 0 ERBEFR
VG uE M G R SR GG RE S 7 AT SR A SR AL ik R o SR N AGAE BN KB AL BB B
iR EETE) Zdm b BARAGIRF ARE T HHRIFA BN o 4ol 0-6 894 o fLiAE
TR b TR G FATE) y b B KA RBE AR, AR LA ZAT A ik R
8 REIRRAE (PP = dhmik JE 69 °F 77 84w BARSR) FIBTHRBE94LE » ik BV °T A B k¥

BRGR ge gy 9. 0 AL TUEAREZ AT A BOBAT I EAR T G A 89 B KBl o

+  SFRUA R

X OO RNAE Safah 6N T 5 R LRI R AR IRt AR > s TR,
FRNVE F EADATRAEF R BF A IRRE A TR E R A BT KE—
T LN 4338675 K F IR ARAT G4 BE - MR R S SE A5 0 AR o 3F S AFRA
4ot AL R ARTRE AT R AT ALCARAT @A T AR R R 0 IR RE RS
K& I E BT > E R IR ZRAFAT I ZR ST B2 ARG SRBTRYE > BT b
P RZEARENEEGFER

BERAL  FEFRO A LGIRE LT O S F BB TN RATR R T RS

B RGP LA — 09IRIE Bl K22 B R4 T3

,
e
=

WE

& AR AR > AL S H AT
R BB B REE SR AT SR o AT BUAA R BRRZ | S EUERE R A S B A9 45T

R REACTMZT—RER » M AEEIEET BT AR B ARE o BILF AT B S0y

\r

shAs ~ AF@ARA  AAHEE AR AITR > EELT AR R AT HEEFRERGYRAEL o
HZJE SR EAR ) AFTRRFMACER - BB AT T SR 35 AT R ST AR A Z B

) AT — g R B EN AR RGP R B R BhEGE R

26



7.1 AEHFEGmA

EHBRREE  FATH A (Tempo) A —EF MR BT ETATR B R G oMa 5L - €2
—ERAE > F & EATICR IR - TARCER I o B 54H6) 3 M X2 H 22T (Tour Tempo)
894E% John Novosel SE -T2 » 7F § R ILTIROGIR & T 09 4FAF 8p AARIEL 3 1 130K AIA
Z— o AR EATC R i AL B A TR M 69 2452 % 33 AR A ML SR A B At T4
AFEGpeAs] o

RAE BT AR, 0 RAYE A IE > BHATEIT O P L EATATS « L TR A4~ TAT
K BhagAR s Bs  EATTASS © BRESH A 0 AIFTAT

| EAPIAE AT
C EaRE L ATTEES

AT A

PEINRALBE 1 FREE A Ak S5 (BE a2 Rag ¥ B AR MU A A TR S
FEETARG R EBR R BIE  EARBLEVERT T et 2R ET A

AR A SUR AR L K § 0 AGE A RAIBIT AN - Rt 4l h L TR RS

=
2

‘IESB

{575 o

7.2 FEAFRE

FEF2FNF BRI EMAZ LG YT TR E AR BT R T IR b At B d
T4 BT ARRN R 6930 B EEREFAE A -LIRBAT TR E & B 33735m /s ©

AFFRALZAZA R T e—H R IHIL 300 %4609 2 M| (GC-PX10) HHRIa4RE: B a9 4547

o

WAZ ) AT AR AR > BB SF AR AR T AL ES AP EIRE
WEGEFR o el 10 AT 0 fom B RARCE 32 LB AR » A0SR (BARPT A2 E ) R &
FRE AT 0.2m BB ARG LT 1B d A RAED A 0.4m

0% FE & T W AR I AR BGT LB R B 03 . o

27



B 10: A Rt A F R E %
FBRET B 10 P48 42 5186 e dk AAEINE] T 1287 L8 E

’ A4
Y o 0-4m W [ ~N (18)

- 1 sec
12 frame % : Toos

13214 AR BATAT 69 B 3k A 10m /s » T e Wat 803 ok ¥ SEAE 10.09m /s » M
FRAARE L FBTE LEE TR TEY RE T A4 6 hoik FH > LR AR

HAE AR > EREABRGTE o

7.3 AFHEREAZ

A HORBG AKX (16) TH LML AF R AR ESHIESBE LKL LAFTAE

B IR BE I BALEILAS o R AL SIK B KBS TS AOAT SRR I E AN o RAVRBEAEAT AR - sHE R

0 EAFTASS B R EE 0 KA A helB] 11 0 £RAZT AR EHIE > BRiR 5 EHIRAE3 - 1EE

TEASSE PEAG RIS FALAY3E » 135 A AR R R TRAE E AR GRIEZ — 5 5 FAFAT A LM
A

$EESEY AEE AR E AL EL BT TR RIET o Blde » EATTATEGY AJE R AMA R

28



& MRENRKRE B A ATy BIF g8 LR 5 k2R A hbM AR

R E—TAREA o EE

60. | W Topof Swing . T
©  Impact 'a' '-i.s
- s . A%
= 40 I 1
- 1 v . |
E I ) [
“ ,
20 L.
(1N ;"- .‘\
—20 .

. : —40
Pitch (8) 20 o 0

Roll ()

B 11 FAFTAT s8R Bh 0 RdE AR = A
b RAT @ A B EH

PRl s ek B Roll 7 %)t A BB E AR ®E A
% AL B I B AT

A7 @ PR R PR @ - £ HRF A TheATE AL @3k (Slice) ; HAAMK

| AT 12 B IREF ST 2O 0 » A FIRT AT AT 1 K 2wk (Hook) ©

W RZFBAFEHR
TERRAE B B AR > HIA A HAF BB H AT T Rty A — -

7.4 FEAFHLE

B 0 RAFRF > AR TG HE

Fd R e sheg (Inside-out) Fed#hé 49 (Outside-
) mAESIAAR  REAE G AR - [ A (Inside) | 4569

A EEIR BT ~ A
69458 » [ 9h (Outside) | B Z AR B8k ~ oMal

kA G B A94LE o

R ETATRIAZ E GG RIBIFaGAY > BN E

AR YITE AR A\ R 4 E B 4

N

FLH
FATATIS AL AL B

MV X 3 ap e 3hamet AT 3] G5 o
AR T E— AT 3RAZATF AL AE AL ) TARRIC WG HERERERRAE 8
FH xz FaTAFP IR H R M RAR R 0 # R TIF R TARGAE3 > B 12 PR T A

AT K A iRl K A W R ag TARSRAREAE » T LI B R B3 AR IRAE Y TARR A /2 xz F

29



@ LagALR o BIR L » B E SREAT AT E AF LS ST EATE SfAEeg 54 HEE

BT HRAERFE -

4.5

35

2 T veeees < 24 7% (hook)

— % 4w Tf (Slice)
15

T A S (Ap, /Ap,)

0.5

0 ——————— L} Lk

1 2 3 4 5 6 7 8 9 10 11 12

12: R AW AR KR AR 2 TATRACA R E oy

o\

'\'R'

8.1 FZHN4

1213 BERAVEN- A REAEPTAL IR M L3I, ©

i
1
T
‘h:
E*%

8.1.1

13: HL-MDOSP-C2 A% 8k S 248 B 4p

K42 A Hotlife 23] B2 HL-MDOSP-C2 1554540 (AL 18) » Bt Windows 3%
TZ COM g4 d 2 3830 0 45184 UART #3540 BB F N e s B of 188 mATPH &

30



HAE BTN, 69 B 5F 30 35 R BEHE T Planex Holding Inc. B4 BT-MicroEDR2X

RFHACE (B A)(LE 14) 0 £EA USB B3 M AR A » 12T 850 5 5 (RIR% o

14: BEF4RK SR

8.1.2 RAIBEKE

o 48 R 64 BB LA B MicroStrain/2 8] 4 & 69 3SDM-GX3 > & A& —18 2 2K 5 89 S A 1R M
A K NEA =i JF ot ~ ZhlesiiR - =Bk /13t B UM 5+ 3B A A8 69 U 32 B PUTH
PR I% FR PRS0 7 ADA B R RGRI 2R TRIbZ Ih B e B E AR (LB 15)

ERAEE RS REYEIN T ROETE R (B EIE

3DM-GX3-25™

Attitude Heading Reference System
RS232/USB

#6223-4220.
[ ] XZ

MicroStrain’ www.microstrain.com

15: 3DM-GX3 893 A% 524% =T 3

Bl 16 B&RMaGEF K E RA S ot - —ER S Bk Eaf e mi g L it
1 RE 17 89 BATR T EFI (B 16 (a)) BEFEME (RIBK > MIMEE LK
B ) AAERARTEE  TER (B 16 (b)) MIABRREE - MEZMEBA RSN L
RS232/-d s BRI 2% £ B 5 380 35 MR ag 578 » BI85 5F A8 5 s AR SR s A%

AT 0 RRIE AR BEORDIER 5% WL EEPIRAF RN E A ZRE @ ©

31



@ETeTRiEE D) RREER

Bl 16: AP ERA THRT
B 17 B4 E 16 L RABRABRZ AT L ERE@ET AT AUESR TR Byl
ERARLLAAS BRI VATARZ D 7 B THESH A AR A B B £ 18 > R B AR AE

BEAMEIAT AL Mgy °

B 17 TR a2 BT

8.2 #IEFER
8.2.1 A#%LMIZE

18 BARAZGZ AHMI4AE (System Context Diagram) ; 4% A 1R4EIFAFEAE A4 0 BP
T ERAFAT AR o RAHEATE AR AR TR AR R I3 - Rk £ ALMAE T2 %
RAAEE A2 B IR LR —EA T AR AT RAEEAE 0 RERGLAAFET AT &) EH

B VR EAT RIS

32



& 4Go|f learner General user

18: iGolf A 4.2 A 4Lk 14 B
8.2.2 HHALHE

ARG PVRE ~ B RAFL A & Bl Ups B B RS ~ A T IS BB AR

FAAAZE (Data Flow Diagram) °

Raw data
BSN | Cloud Server

7 @ Data display
Y
& Golf learner
B % Web

General user

19: E4HAA2E (level 0)

Level 0 19 AAER 18 89 24 MA BB A EHAAZE (level 0)  BE> R E(ARMR -
BSN(#2 2489 ) ~ Cloud Server(E sh AR5 )~ Web(# R A~ ; 1% A F 48 BB MBI E
WERE AL LR TR GRS RE » AL AR AN IR 2 o mELLE AR A4
ALwE- By R ABAE VIR © S8 A ARAT IR AP AU B AR A A S B A K AFATE R - ATHEE—

33



FHAKRAL level 1 2 FFRRGEH AR o

(2
Expert System

Processed'data

Rawd ata

Level 1 [ 20 B34 8 1987 &E level 1 FFLARR » 1242485 5% level 0B HHAFLE
P45 BSN ~ Cloud Server ~ Web 2 Z 34820847 T & —F A SRMEE 493401 o
° ﬁ%ﬁi&iﬂ'}é@ﬁ%

e.4E IMU(EHRRITH) $2 Gateway app @ £& AEGATAE AITEHFE EZ

2R B FKERREATER B Z RGBT H BB EBAF L 2R E SRR E o

=4

B

o Lt
£,3 Data processing API~ #F#H&E - Expert System($R A%4) #248E AR % > Data
processing API & & &R 328 4Hey e A2 X33 H@ o Bk & BSN 49 Gateway app
&8 R e EAT - ALtk 2R Ard Expert System 35 0 #EAHRRIVR

34



W EREAT ) ATAE R » 48 Expert System GAFRIZAF 09 E M E #ETHHE > R4OEAE

BAMRE £ B4 B o

1.3 Web browser & BP#8 T sRZ T 12 > @M T 3% Web Server #9i24% » G A A

Arit 2R, o

- @ . ~~o
s _ _Data processing API S~
/ //’ ~ fo
en
N \/ File storage ,-—p——
7
>i\\ _ -

/ T -

Raw data
. G-sensor |
Gateway app e M-sensor | :
o____Gyroscope | DB

21: EAHAAHE (level 2)-1

Level 2 X% Data processing APL 42 Expert - System 69 fE3RAZMMALAE > AH LR
FHAA o 4B 21 FoB 22 0 574 Data processing API #= Expert System £ 1 — 3184

Z_ level 2F HHAALE #45 o
e Data processing APT
6,457 File storage #= Store to DB M {E¥ 8k o Gateway app 1HE# R 8GRI EHHT
DAGEM XA 6 » B3 F) Gateway app 89 B HHF G505 LR T 2 M4 5 1248
BRE R 0 RlBFAEA BRI E o MmAT —3 Store to DB A g #H45 £ C Fo8 126945

ZRITHEN 0 BAFABWZ raw data GAETHE o

e Expert System

B R R GASIE TR T RIS B BN B L E F A o Expert System
BRAAEH BT O RBERF L RS EEAETRIE > 9 52 Trajectory cal-

35



culation » Action decomposition F# Feature values extraction » 4-3|# & T AL ¥
FOHFE ~ FHOFHRATFH AL ©

Trajectory calculation #2487 3t F- h —(BE D 8g hmik E Aotads & - AF B —BAEATEALEY
Heig JF $45 .8 $44L 5 Action decomposition #2407 ik &84T F R 42T BT M85 5 4o
AedeEE ~ BRI~ EAFP I TAFP S - EAFTARSS > A [ HEAZEAH | A 1ES
s 5 Feature values extraction B4ABLEATH B EF LR » FEGR AT B2
HEREY Wl E ARG A - ETARRESRRE - BRI E FAHBE - 88
ZABEg HhreiEan - ERlegamd (4Bl 22 FARTZ Trajectory data > Key frames data °
Feature values data) #8€ &1 Expert System s2¥tek it Gh=aA R T ; 2H9%ES

PPE E—REAAAZE (B 20) 427 Processed data°

7@ TN
e Expert System AN
N
Trajectory AN
calculation Trajectory data AN

e Acceleration series
e Position series \

Raw data

Feature values data

. Backswing/downswing length
Backswing/downswing speed
Swing speed on key frames

Starting frame /
Midpoint of the backswing /
Top of the swing /

Processed data Midpoint of the downswing ,/

e  Trajectory data N Impact frame , 7
. Key frames data N s
N 7
. Feature values data ~ -
~ e
~ -~
~ -

22: EAHAAZE (level 2)-2

8.2.3 F#EFE

FLAREART R E R R TR AR E TR T AA R o M4t > R sl am i &



Remote Acce
on Cloud Serv

Local Account
on Mobile Device

PK [ID PK |ID
account FK1 [ UID
pSW SID
cup [ start
Cpsw finish
name club
height waist
club wrist
COMclub upload
COMwaist
COMwrist
openl
open2
open3

24: 1318 3 S Z MR IR IR R A BT

37

PKFK1 |SID PKFK1 |SID PK,FK1 |SID PK,FK1 |SID
name seq start overAngle
height Px midBack upSpeed
club Py topSwing downSpeed
uploadDate Pz midDown upPathLen
duruingTime Sx impact downPathLen
samplingRate Sy startSet hitSpeed
isClub Sz finishSet upTime
isWaist downTime
1sWrist tempo




MRS X IR FIR T T E BRI E AR BAL » M 2R S FIRT » AHIRRIRIR T 231
E P A ERRIREAT IR A BAREAT EAReB1E - B 23 BAIREAREIME  TATR lo-
calUser #7 localSwing -7 8 #3248 T A Ao a4 FA BAE SR JE a9 48T 308k - 13 AR

A2/ T Y B AR T ZI » AR RB S AR — R E TR FAIR B AT E N 8035

q!

BARH &~ EBARAEESF o LF localUser A& F#) CUID #= CPsw MUz A& F did
538 8 69 31 IR 33 SRR IR ZE o 0 R B B 5 IR 35 sm R IR A AT BAT LR TR & 5383 0 AR
T A R FIR TR B 2 TR SR IE ©

FIIR S imZ B A R e B 24 - MR A TAPCE R B B HHE - SR BAT R
AIE B HTIR BT EALE € P BEF R RARE P o L F remoteAccount EAHA T4 CUID A=
CPSW #UL A E s ABANRIRIL % 45 » 2 F B4R 21 localUser A& X AVR %S itk I A A3
J& » # swinglnfo BAHREE 5 FHEAADIL R IR IUTZABASLATATH 3R, » trajectoryData » keyFrame-

Data #= featureData BE#H& Blo 5665 5 AEAFIF - MSETE RAFHAE 69 F 20, ©

8.3 EAFLEiIRiF

BEBMEZGETE R AR AN Bar B ERRATIE A T B33y, - B 25 4% T X AT#2
BIZEAHARE (B 20)  w L& ERRLG TR T HIIT o AU AP R TR A E R
AEME - KI5 C/CH+ mE AR ERTPHAETARGRXGRIEAZAL  TETA
7~ COM port 1R&RAA 89 B SF AFPICE S22 R4 » A oMELS FTP #heidflck Blag 3 A b
B EAAMRE # o LFVREF @ 0 LB FTHARIERXTFA C/CH+ B B ETHEE S @ik
2T MYSQL &4 & > 48 A php EBITEHREEE X Rl » AP AEHERMARNT R A
B|E9AE T A SRR X A X AFAT AR B @ ©

AZHAME R RPUTREZAZ T d4w B 26 0 B PR BARe M USB K E PP A B 5 1%

MBS - BB E A 2 KSR b b BB AT 0 B AT P R R L 1A M R e R A

B RGBS B B AP R SR BN AR RN T4 B 27 L 2B ALK IEATIT © FATEAL P

38



Processed|data
Raw|data

Web server

|| Linux \

Data processing API

Cloud Server

Raw/ data Processed\data

Gateway app

Web browser

B 25: ANASRZ B AFSRImsiiis T

26: A E AR EE B

39



o B8 @

| € C (] nolcs.nctuedu.tw, fex ) =

4
Speed when Hitting the Ball(m/s): 6 8396

Swing Distance of BackSwing(m 746
Swing Dis! Stance of DownSwin ing(m): 5.29463

Duiog Time(s):2.805
Swing Tempo: 2,2241

Swing Trajectory

/naomnmunx set your trajactory.
scmumréez om nfzoom otk the foure
DRAGGING: Change U

fra e]{ show Top ot swing || Show mpact Frame |

A Show midpoint ot Backswing || Show MiaPoiat of Downswing |

B 27 A AR A AN @ E @

YRS B BB VE W RIRA BSERS ~ 4847 op X AT BUA RO ~ S @A AR F AR B4R
PHAEAT B S ISR A9 ZAE) Tt

U~ &3

A AR s — AR BRI 4B S TSR RS 6 = M R AR 2 A% BN T TR E
B AT AR SRR ST URABAT RORISHARAT IR LR S B A B A9 RAY 7 % 0 ik
BMZARENAATRET R - TRLE > SR RREH bt AR TR
EATIE R TR AR5 B 0 AR BT S5 8 E F RGP A S X

A MBS E A8 B A IBRRE LA E, ©

Acknowledgement

B4 2 i RIOTHRR B F A TR RIMEATERZ Y EXFRET 0 REEX

40



FoBBA K HEA

1]

References

K. Watanabe and M. Hokari, “Kinematical analysis and measurement of sports
form,” IEEFE Transactions on Systems, Man and Cybernetics, Part A: Systems and

Humans, vol. 36, no. 3, pp. 549-557, May 2006.

P. Kelly, A. Healy, K. Moran, and N. E. O’Connor, “A virtual coaching environment
for improving golf swing technique,” in Proceedings of the 2010 ACM workshop on

Surreal media and virtual cloning (SMVC 2010),.29 October 2010, pp. 51-56.

H. Ghasemzadeh, V. Loseu, E. Guenterberg, and R. Jafari, “Sport training using
body sensormetworks: a statistical approach to measure wrist rotation for golf swing,”
in Proceedings of the Fourth International ICST Conference on Body Area Networks

(BodyNets '09), 1-3 April 2009.

H. Ghasemzadeh, V. Loseu, and R. Jafari, “Wearable coach for sport training: A
quantitative model to evaluate wrist-rotation in golf,” Journal of Ambient Intelligence

and Smart Environments, vol. 1, no. 2, pp. 173-184, April 20009.

J. Myers, S. Lephart, Y.-S. Tsai, T. Sell, J. Smoliga, and J. Jolly, “The role of upper
torso and pelvis rotation in driving performance during the golf swing,” Journal of

Sports Sciences, vol. 26, no. 2, pp. 181-188, May 2008.

Y. Chu, T. C. Sell, and S. M. Lephart, “The relationship between biomechanical

variables and driving performance during the golf swing,” Journal of Sports

41



[12]

[13]

Sciences, vol. 28, no. 11, pp. 1251-1259, September 2010. [Online]. Available:

http://www.tandfonline.com/doi/abs/10.1080/02640414.2010.507249

N. Gehrig, V. Lepetit, and P. Fua, “Golf club visual tracking for enhanced swing

analysis,” in British Machine Vision Conference (BMVC 2003), 13-16 October 2003.

R. Urtasun, D. J. Fleet, and P. Fua, “Monocular 3d tracking of the golf swing,” in

IEEE Computer Society Conference on Computer Vision and Pattern Recognition (.

H. Ghasemzadeh and R. Jafari, “Coordination analysis of human movements with
body sensor networks: A signal processing model to evaluate baseball swings,” IEEFE

Sensors Journal, vol. 11, no. 3, pp. 603 610, March 2011.

S. Newman, :S.. Clay, and P. Strickland, “The dynamic flexing of a golf club shaft
during a typical swing,” in Proceedings of the Fourth Annual Conference on Mecha-

tronics and Machine Vision in Practice, September 1997, pp. 265 —270.

K. Zhang, F. Wu, C. Mackintosh, T. Rice, C. Gore, A. Hahn, and S. Holthous,
“Challenging olympic medals - an innovative gnss-based multi-sensor system for ath-

lete training and coaching,” ‘in Proceedings of the XXI Congress of the International

Society for Photogrammetry and Remote Sensing (ISPRS2008), February 2008.

K. King, S. W. Yoon, N. C. Perkins, and K. Najafi, “The dynamics of the golf swing

9

as measured by strapdown inertial sensors,” in The 5th International Conference on

the Engineering of Sport, 13-16 September 2004.

H. Negoro, M. Ueda, K. Watanabe, K. Kobayashi, and Y. Kurihara, “Measure-

ment and analysis of golf swing using 3d acceleration and gyroscopic sensors,” in

42



[14]

[15]

[16]

[17]

[18]

[19]

Proceedings of the Society of Instrument and Control Engineers Annual Conference

(SICE2011), 13-18 September 2011, pp. 1111-1114.

U. Jensen, P. F. Kugler, F. A. Dassler, and B. M. Eskofier, “Sensor-based instant
golf putt feedback,” in Proceedings of the 8th International Symposium on Computer

Science in Sport (IACSS2011), 21-24 September 2011.

W. Zeng, Y. Zhao, and J. Zeng, “Cloud service and service selection algorithm re-
search,” Proceedings of the first ACM/SIGEVO Summit on Genetic and Evolutionary

Computation, p. 1045, 2009.

D. Connaghan, S. Hughes, G. May, P. Kelly, C. O. Conaire, N. E. O’Connor,
D. O’Gorman, A. F. Smeaton, and N.Moyna, “A sensing platform for physiolog-
ical and contextual feedback to tennis athletes,” in Proceedings of the Sizth Inter-
national Workshop on Wearable and Implantable Body Sensor Networks, June 2009,

pp. 224-229.

R. D. Grober and.J. Cholewicki, “Towards a biomechanical understanding of tempo

in the golf swing,” ArXiv Physics e-prints, November 2006.

K. King, S. W. Yoon, N. C. Perkins, and K. Najafi, “The dynamics of the golf swing
as measured by strapdown inertial sensors,” in The 5th International Conference on

the Engineering of Sport, 13-16 September 2004.

E. KOMI, J. ROBERTS, and S. ROTHBERG, “Measurement and analysis of grip
force during a golf shot,” Proceedings of the Institution of Mechanical Engineers, Part
P : Journal of Sports Engineering and Technology (IMechEE2008), vol. 222, no. 1,

pp- 23-35, 1 March 2008.

43



[20] J. Calusdian, X. Yun, and L. Drakopoulos, “Testing and evaluation of an iner-
tial /magnetic sensor-based pen input device,” in 2010 IEEE/RSJ International Con-
ference on Intelligent Robots and Systems (IROS2010), 18-22 October 2010, pp. 5232—

5237.

[21] J. Wang, Y. Liu, and W. Fan, “Design and calibration for a smart inertial mea-
surement unit for autonomous helicopters using mems sensors,” in Proceedings of
the 2006 IEEE International Conference on Mechatronics and Automation (ICMA

2006), 25-28 June 2006, pp. 95

44



