JAIST Repository

https://dspace.jaist.ac.jp/

A= R—REIDEDZDDA ) —HR—RYIalL—&—%

Title TR R AT A ORI
Author(s) Li, Liang

Citation

Issue Date 2024-03

Type Thesis or Dissertation

Text version

author

URL http://hdl.handle.net/10119/18967
Rights

L Supervisor: & FHHH, Skl F AR, & L (KRR
Description

B)

AIST

JAPAN
ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



(et

X)) = R—KRHFLEDI=DIZCR /) —R— K> Ial—x—HFWi
EOEGEBRN —Z YR T LD

2210184 LI LIANG

RS P T A B A
SRR R
(ERE)

4005 £ 3 A



Abstract

Snowboarding is a winter sport that is widely watched and loved around the world.
For beginners, the process of learning to snowboard can be both challenging and
dangerous. In particular, beginners often face high learning costs when it comes to
mastering basic skills such as pushing slopes (straight-line skating) and falling leaf
drifts (left-right lateral skating). The aim of this study is to develop a snowboarding
simulation system, especially for snowboarding beginners to practice the push slope and
lateral leaf float gliding, through the training of the center of gravity and foot pressure,
to help beginners to practice the center of gravity to turn off the practice, to fill the gaps
of the simulator system in the practice of snowboarding skills for beginners.

We improved the ski simulator system and developed a training system that meets
the needs of beginner snowboarders' center of gravity transfer exercises. An experiment
was designed to evaluate the effectiveness of the system. In addition to collecting
qualitative data, we will be able to obtain results on the participants' performance during
the test. The experiment will include the control of the visual feedback of the interface
and the complexity of the skiing course to test the effectiveness of the system in
supporting the learning of the snowboarding skill of shifting the center of gravity.

The final result is that for different beginners, the effectiveness of visual feedback
on skill acquisition varies from person to person. One group preferred System B with
the complex heat map and found it useful for future skill improvement. Another group
felt that System C, without visual feedback, would allow them to focus more on
improving their performance and thus gain skill. By analyzing the data from each group,
it was concluded that the system could be useful for beginner snowboarders to learn the
skill of center of gravity transformation. It can help beginners to learn snowboarding
skills.

We conclude with recommendations for improving the system. The current system
is only suitable for beginner snowboarders, and it is expected that based on the above
suggestions, we can conduct research on visual feedback, auditory feedback, and tactile
feedback in the system to provide a more realistic sports simulation experience in the

future.



=P

F1E [FLHIC

A== OSSR 1
A= TSRS 2
IR 5o/ a Y 1) AR 2

B2 E BEEMRE

21 R/ =R —=FEBTRBICET DI oo 4
2.2 AF — DB T I BT T BHTTD oo 7
23 MRR =Y DFEBETIRICEET DHTT s 10
Y L vk e Ny AR 11

FT3ZT R/ —FK—FXIEYRAT LA

TR T 12
VA oW fak- 31 ke L U N G 12
R, R G N /) Lo = 14
ORI S35 5 == 1 1 14
3.4 FELTIEY X T LADBIF oo 17
341 ENT — ZDIEBBEIED coceeeeeeeeeeeeeeeeee e 17
342 FARBIT A = RN e 18
I R B G, = RSSO 19
I |y O 20
R T -1 =3 OO 20
S T S .5 OO U SRS 22



A.2. 1.1 BFGRITRE oot 23

B.1.2 BEBRTTTE oottt 23
4.1.3 ZREERD DT TTIE oottt 25
A.1.4 REBRDIER .o 26
4.1.5 RQ 2 EHIIREE oottt 29
A.16 T T — M R s 32
= ST 35
A3 F B s 36

FEHE EbhYIC

D] RAIEDT 0D F & 8 oo ee et e et et r e ettt ener et anas 38
B2 BB DD R & T a oot ettt et ee ettt enas 38
=SOSR 40
T oottt ettt et e et et e e e r et e r et eannann 41



=Py

[ 2-1 2 Blake D D 2 AT L oo 4
2-2:Takashi HDFAFE I NT2 U AT I oo 5
2-3:Takashi DY 2T LRI c.oveoeieeeeieeeeeeeeeeee e 5
[ 2-4:315E COP HIE LR T — £ oo 5
X 2-5: A 7 = TR = F D AR YV R it 6
2-6:WU 5D [VIZSKI| & AT L oo 7
2-TRTACHEF (), (), 74 —=F Ny Z OB (H) oo 7
B 2-8:5847 5 D 2 AT LI oottt e 8
[ 2-9: 7 — SR H oo s 8
[ 2-10:f B F OWIH 7 4 — Py TR o 9
X 2-11/NEF & DFFEFEE S R T LTI v 9
X 2-12:Chen 5 D2 AT I IL60] oeeeeeeeeeee e e eeeaaeeeneens 10
3-1 : POWER SNOWBOARD SIMULATOR ....ccoooviieeiieeeieeeee, 13
3-2:Microsoft Azure Kinect DK ..., 13
B-BUBIE R Y H 6] oo 13
[ 3-4:B0R U722 AT ZREIEII[6] oo 14
3-5:Kinect DK2 fE[EIHA (F) FEEETT (F5) coveeeeeeeeeeeeeeeeeeeeeeeeee 13
3-6:#3%1 Kinect DK [FIHHZ — F i, 16
X 3-7: 7 2N Z =183V FPH =L T =B e 13
3-8: =DM T A = FoNw ZEEEE oo 18
320 T = R AT cree ettt e aaaaen 13
X[ 3-10: F Lo ¥ T T et 20
3-11:4E Ol BERTRE DT — ZZEU et 21
[ 4-TARFEBR D FEAL cooceveiieeieirceeeee et 25
X 4-2: 7V — 7" ABC HEFI RMSE D .o 27
4-3: 7 v —7" ABC BERFITE T — RIEE oo 28
A-AAE] 2 27T = T 53R oo 28

Xl 4-5: 70— 7 ABC XEERRE T — AT TR oo 30



4-6: 7N —7 A 2 BEERE T oo 31

4-T: 70— 7" B Al 2 BERETEBE (oo 31
4-8: 7NN — 7" C il 2 WERETEIKIEL oo 31
B 4-9: 7 ¥/ 7 — R e 34
Microsoft Azure Kinect DK 7 X Z[AH] 7' 0 77T L4 i, 41

M & 27— 7 D g B A 1o oo e e e 47



FKERX

31 PAHFEERD BT (oot

4-10 KREE O R
4-2 PERAE AR %



B1E (FLHIC

1.1 HIRE=

2 —FK—=Fik, HRMCASER—I N, AREBLTWE Y 4 v & — 2R
—VThb, PERETHORAIL, 2022 F4FAY v vy 7 OIEXFHED H
D, T4V ER—=AR—=YELTRAR/ —F—FICEKREZFEOEFENEZ TnE &
HTw3, LaLl, #lLFICE>TR ), —KR—F%2EE5T 283N CH
b, fEETddH 510l Fric, AbL =+ 27745747 (REEFLHET)
RV =77 +—n BE»PSED) EvolE AN R T 7=y 7~ RA 2 —F 3%
B, FILE I LIELITKRE 2 EH a X MICEmT 5 (1],

A) =K =FEFR—=—FDETNIVRELEAR—=YTHS, TDARKR—Y
DAREIZ, F—FZavbue— L MDD 3 EHH CHERN R & — v &2Hi<
X a2T528ILH3, TNODX—VEIHEXIE, AE. KEOL T,
BiTE v 3 oDHAEZICH ST WB[1], BEOLREIZ. 2/ —FK—F
OHILE L EEE R T 2 EEARHETCH Z, PR —F—X =%, F—
FelvoFavie—rLl, HHICBET DI, ATy 7Dh%E &<
ffis, 2/ —F—FHLEDHE. RUIOKRBECIEF—FZzHHICaZY P o —
NTHZeiETERY, T, VA FRIAT 4 v IRV =T 75— 74 L
DT 7=y 0 %kffoT, BPKR—VFICHEZENEa v ba—LT55E»LY
RRERD B,

HE, R —K—Fo¥F Iz FIcHEcofE L HAMEICHEH->TW3, &
DHEDERRFIE., F—IcHARADODAF —HickFET oL, Ficke Lo
VR 0H2B L TH2, B CORREITHEERZ M3 2 i, S IC
FEDALICE o TIHE OEEBHIR I NS, X Hic, PLLF IIHE P ICER
TV RIbH B, A —F— FOEERTIX. #l.0FOEFERIT 40% 2
560%% DT WA[2][10] [11], 2D X5 7Y 2 7%, FEE RO %
AT, A7 —=FR=FicxT 28R E KO 2A[REHEHLRDH %,

RO L —= Vv 7RI T, 4 VAT 7 2 =030 TH LT IERE
TA—FNy 2 %B5 L IIREECTH Y, PILEICEY T N4 R EERD
A7) 2 ERTER Y, A/ —F—FD L —=v 2 Cld, BELER (o—F



—vav) |, HERoE»A LA, RO ST —FA4 v A CIEHEEROINICHZ 3
VAT LAEERTLZI LT, MEEVLE Y TOR ) —FR—-FEIT LR
TE5LEZDL, A —F—FoEiz L@#EicZigd 2720, R/ —FK—-Fv
2L —ZF—HETIFL -V VR T LOREBMDELEEZONS.

NR—F AV TIVFT4 (VR) ¢ Ial—vaviEffioadAasEic X
D, EFCVTALRA ) —F—FyIal—yavyy AT LRERT 5%
BHL, 2hick by, B“eErOBERICEN, FIOETLHHEICT 72 AT
ZYEEEME I N X1k D, TOVRT LI, FFICR ) —F—Fokk
KEMTH F IO T 2 WHLOE ICRER P L—= v 705 ERRME L. FIRMD
RN EE T v 2R KET 2, [3]

KIFFE T, R/ —FR—=FHLLEEZNRIC, BROTID 2T & ELDOEE)
[12licEH L AR —Y v IalL—va v AT L0 HIET, 2OHW
X, WIOEDRAR ) =R = FFPHOIEY L VRS AX—PTE S X ICKIRT
5Z2LTh3,

1.2 BB

KW TIE, A/ —F—=FPLLEEZRNRIC, fHE»HOREEF L LCEHEY
DESIEDOE T ZME T LA —F—FrIalb—R ==V I VAT L%
T b ZHINE T 5,

2 ) —KR—=F~DOSA[EEER T 27-01c, HLEEFD L —= v FickE
MEYTE, ZOVAT LG, RARTZ LV TOHEELV— T 2E0EREDOR X
—BiEE Y T2 — b L. ATREARY A ORERERET 2, 251, Zov
AT LT, PIODEDPIE L WERBA L REBE O ZE L TR/ —F— Fokk
KO EMZEETCELLHICEL DD FEEY 2 —VET 4 —F Ny 7 F
Ya—aptiaIhnsil2lBiiel, BHE AF - ial—x FofEC X
7 LA I N, ERORECHE A I TH S,

1.3 FRX DB

RETIZ, 2/ —F—FHLETOIC, HEOEEREEHMEZHENT S,
RClE, L BEEHOBAEM S 1L v a— L. o XRZHTEIC L, A0F
TOMEBER T ZHEHFEL LT T35,



HI3ETIH, VAT LAEEPHRICOVTEHLIBEA L, v 27 L00E &
HERJE. RERT A v, F—2IEOTIE, B R UNHFEEED 2.
H4ETIE, ERYABTOMBCONEIT .

5T, ERCEAERICOWTERL., WSR2 BT 2 D2
BERT D,
ARUOEERMBEE LD, Zh o DRHBEHFROTIL KB ED X
CHEAS 2 2120 TH L, SROMETAICOWTHRET 2,



$28 BFEEMRE

AREETIE, EERE Y AT LT 2RI w3, 4, BHFEOX
J—F—=FrL—o v TR ATLCOOTHESL, BEnCHL RFE—Y T
HDETNRYAF— L —Z VIR AT LICDOWTHENT 5, RiT, Th
LDDAR—=Y VAT LICETDET7 4 —F Ny 7ICBHT 2 I HEREIC O W TR
%, wBic, KFEDOMEIFICONWTERL, X/ —F— FOEE LT
BEZ T,

21 R/ —F—FZBXEICEAT IR

Blake 5[3]i3, ¥ TR/ —FR—FICBHHET 2 ) X7 2L >0, PI0LHE
DT L —= v PR ERIET 2 -0 IcEE ez A ) —F—-Fv 1a
L=y a VU AT LERE L, COVART LR, 2—F—=DNEMAkwe
XICKR—FICAN T Vv RZEEIEET vy a v SV R RNy v TE—
a v FR—FB&EThTw3, (M2-1) v 27 aMICRT X 5ic, ZoEEC
X0, 2—=F—F [ESEB%ED D] hEDRERNRYLEAR ) —FR—FDT
Vv P ERMETLIENTE, FER. XV IV TATEERA —F—Fr 3
2L =Y a VI AT LAERET I -00RBEEEL ZENTE S,

[X] 2-1 : Blake 5D ¥ X7 L



Takashi H[13]D > 27 4 (X 2-2) 12, HE LR D7 4 — FoNy 7 %2 3HH

L. #lOEEY) e REREIZ 5L, P28 % &L EEORROH) % 0E
WEEETE 3L I E TS, 2DV ATL(H2-3)I1E, A/ —F—Fick
J 5 Y] R RERE O BEEELEFAL . R T OER LA S DS T RE
BENCRET 2 )V TAEA L7 4 —F Ny 7Rt T 22T, R/ —F—1F%
BremftdsZ e HWE LTWwd, K2-48I5Icks e, MBS F
VAT, HERNZ7 4 —FNy 7 LHERN 7 4 — F Ny 7 0ofladbE, £
IRER 7 4 — PNy 7 D AhH EHE)EE 2T 5720 10k b SR 7k
Th s ERIEHIN T,

© COP Detection Device

© Posture Estimation Device
© Visual Feedback Device
@ Auditory Feedback Device

2-2 : Takashi L3RI N2> AT 4

Antenna

_I Battery I_I Microcomputer [ Auditory feedback device

;- Posture estimation device--,

'—é—{ IMU sensor ]—§<

Bluetooth

----COP detection device----, Antenna

’_E-I Pressure sensors x4 Lu: maﬂﬂy |—| Microcomputer Y

== ' | Bluetooth Visual feedback device
_E-I Pressure sensors x4 :

2-3 : Takashi & D ¥ A7 LIl



400 Analysis range Analysis range

< > < > w1 COP in the horizontal direction

)~ 2 COP in the Vertical direction
o = | Target

COP displacement [px]

Time [s]

4 2-4 : JIE COP ¥ & Hifg T — &

Daniel & D F — 2 DWF5E[14]1Z, VAR A LDR /) —FR—FbL—=V
TDEODTAXYLATO N RATURATLRFE L, TOYRATLIZ, W
EFO—RI 7L 7 — %ML, FEFTICHBIBEE7 4 — FoNy 7 2245
L5ZEDTEDL, HHIE A/ —F—F (M2-5) DAKX > A5 HERLIFITS 3
DWHRLDZ ExFHRL . 2= =B EFARENF O & 2R 2. HER
Da—F >/ FETERAND 2HEATIE. it E 71— F Ny 72 Z2AK—Y b
L—=Y B OANN B ET, 2—HF—0& DRI R F )LD FENE % 2
U, M ESE2ZENTE B,

frontside edge
left foot in front
T ——
riding direction
nose front foot backside edge back foot tail

v
\ flex
right foot in front ‘

T — \1 Tﬁ~

frontside edge

X2-5: A/ —K—FDARXRVRA

FRclEtE e v y—, DERE, RAHENLEDY 27 727 ver4—0
. Freov=>v27. 2F—. 97y hAR—VREDAR—VIZBT BJA
MEGHCESE4TTHwET, S0y —JEHAlY —vid. A7 #
—v YV ART 7=y 2Ol IXIL > T B, Daniel 5. EERE £ A &
#, BRETHL. A A AH =2 RAEHEDSHCHT 2RO 5 R4S
2LEC. ChoOHMAEETHZC & 25807 5.



22 2¥X—DFEXERICET MR

AF—BELEY A7 LOWRCEL TlE. > 54 >3 EERER A IEE
AHICHBELTBEY. ZLOHEEM LG 2H TV 3,

Bl 218 R TERFZMNBFEBAAED W 61&. > I 2L —X [POWER SKI
SIMULATOR ] [BlZ# T, VR TO 7 VRV AF— L —= >V 7L 2>
AF L[VizSki]#BFEL 2o AV 27 Al 2-TWRT LI ¥ T2l —
R ETHATROMEEIENRETH 2L &I, BERAF—V— O £IE
W, ZOFEEHEMC 74— My 7 LTt d 22 5 A— ML, WE
@bu~:V7W§€%%éﬁéb®ﬁ@é FIHBE LR 7 + — KNy 2
W& DWEEEEOANEERHL . HEBIETZENTE S,

X 2-7 : QAL @ () L % () L 74— FNy 7 o ()



=h 606 Wu & BBHFEL 72 [Vizskil] > AT A& RXR—2Z. M 2-8 IZ/RT
O, HWEFEEHOTAF—y 3 2L —KEHABOYILE & GG DH) &
DR L7z COT7 7 u—FCld. BIELEBC S 37— x4l 3k
HEHOLED VR A F —HIRO RN, LM AREISE. Fridht 217 -
oo CDYATATIE. TE— 3> F v 7 F v Kinect v2 Z2F|H L TEMET
—REEEE O TT—& 55 (¥2-9) FHHELME L. Grad-CAM TH R
s 2. 2OHER. BT —REKRET —RDMHAELEPHMRINTHZ &
DIMRRE S 1L BB E DIE ODERES M AR =2 2R T CEBHLEMITH D V]
DHECIEG > L —= Yy ZHIE IR R S 1,

(Eamns)

DEMT—IEPCILER

VRRF—BR{KTRESD

DVRZF—DiR#t

BT —HEPCISEE

FHEMEES

X 2-8 : 576D 2T LK[5]

.

(1) ?&‘EN' A 2) #wH% B (i R C )
‘ it h "«_»,_v.‘, A 1,___{._.: |
. L < |
(4) ##¥% D 5) B (6) #HH F
. o
- °
o .
Wi |
(7) irm'ﬁ G (8) #iER# H (9) #EERH 1

9 «; % o,

B
(10) #ER# J (11) #8# K

X 2-9 : 7 — X FEfEch



Fro. NEREEPOLETI2EHMAETCE . [Vizski] v A7 L EX—2R
W REBBIOFEMEEHL . WERN 71 —F 2y 7 (M2-9) #iEHAT 2 &
T, REEPAF—FMENENTE 2 &) RPOLERTEE IR A7 4%
FFEL 2[6]. 2-101C/RT &I RRDVVRAF—Y A7 LEHEL. 74
— NNy 7 HEOMENREEEIRET B L L. L —=v 71 NLRE
HWzaZleT, ZAF—DZXF )L L NV HEOREEAR EL . ¥lOLFEOIKEERE

BhEEs2 72388 EmE o2 & 258AL Twh 3,

OVRAF—EIH

X 2-10 : MEBEIOHRE 7 4 — VN v JHEd

X 2-11 : /NEF & DR EEE > R 7 L [H [ [6]



2.3 RF—YDFEXEICEAT MR

Chen 5 D[15)HFHRIE. E—YarvF ¥ 7 Frx—NRNA—F U774 VR
BiistHaEbERLL VA - VAT LATH B, BRI, EEDOS
MEBEREEFR—y a3 im0 EFEES L. (M2-11) 2OV AT A
THEET 2B, I NAN—F v VAN EE T 2EE 5 ERL. v A7 AGE

HOBENEEF v 7 F A L THEE DN T 2. TE—2arF 7 FyhsD7 4
—FAy 2, AFvER s, FEANOHS LR EEmD . ERR F L

By ABRSERLIcEHEZTH S,

L —=>7

Distribution of Difference Values

A
\/\
paly /’ \
Head: 59 Lhip: 56 Rwrist: B
, |
Neck: 67 Lknee: 77 Rhand: @ st w |
] (g
LowTorso: 78 Lankle: 87 Rhip: E | \‘ / \\
5 \s
7] (e,
Lshoulder: 50 Ltoe: 88 Rknee: A tor | \‘
| {
Lelbow: 16 Rshoulder: 57 Rankle: ( \
L \
Lwrist: 32 Relbow: 49 Rtoe: ° “} A
\
Lhand: 29 g S
FIWEI ‘EII 10 Z‘U 3‘U 4‘EI E‘U E‘EI 7IU 80

Overall:

43

Difference Values

92-12 : Chen b ® ¥ 25 LK (6]



24 KPARDABED T

AF—RA/—KR— N EAR—YEETRCHET 20T 7%516. >3 2
L— R AT ADFEE RSO g0 H 5 2 L nHERls N 3. PILE I
Eo T AF—y 32l —REHEBEMOIEY 2 CEIEFCHEETH 2(7]. 2
LTy ERA/ —FR—Fy 321l —KYRAT7 L LETHILEDOFMRGEE 5 4 K —

N AR e | A e R
KR TIE. A/ —FR—F> 3 2L —&FHBEOHMC BJEx > 4 [6]% FHu

228T. BEEBLIUHAER L —=>Z e80T s D RLERAELIN S
AR es#H 2. 7TV 2AF—y 321 —KE A/ —FKA—FHSEEL . JEH
vy —2HOT T AR -0 #HET 22 &£ T A/ —KA—FOELEE)
FhroE L Al s iR 2 L #HME T 5.

11



B3FE R/ —F—FXEVAT L

ATECIH, EBICRA ) —F— FEEEY A7 228 AL, SEfTi%lelic i
DNWT Y RT LADBEEUGE L EBIn Y vy 7 OWR%fTo72, ZDk, oE - B
Ko ERE 7o RICOWTEHRL, AT L0ERMZHESFT 5,

3.1

KRG TIE, R/ —F— FHILEDPEEIT 2HETH 5, HABTITOERF O
L X, MEOFHIWHNORRE Bff 3, A/ —FK—FrIialL—%%H
VW, FIHILEORIB VKT = — RICHESAEZ Y T, WLOFICE L WELKRE)
ML —= VIV AT LORRERET 5,

E—vavitIivxvIroEfiRERT 2 LT, BEERC AT LANTHS
DENERBRAZHHENCBIRE T 2D TEE, HET74—F v 7 2FHL -
FEYETFEE, REX Y —0IGH, WlOFCHELEZXF—1— T OoHF%
HAaBbEgs T, A/ —F—FyIal—%x— FCiHEOBEELZ I 2L
—hF3 5,

R HEIL, BEOBEENOEEZ2Y K-+ 32/ —F—F - rL—=vV
Z e VAT ARBFE LG, TOVAFLICLY, HILHIFR —FK—Fick
3 B ARZE, EOBEOMHE, WmERBEEEET LN TE, R —FK—
FOZEMEEZEmDZLXIICT 2, Tbic, ¥ Ialb—ZEHnigLERT
BHOSE L —= Vv IV RTLORBEIZMEET 2 2 2 HNE T 5,

32> =&KEICDOWT
AW A L 7280 —aix. @EowEbBIelichks 2 oTh 3,

PRH L 72 #2812 3. Pro Snowboard ¥ I = L — % [[X] 3-1], Microsoft Azure
Kinect DKI[[X 3-2]. @M+ v 4 —[X 3-3] [6]25EH L 72,

12



3-1: POWER SNOWBOARD SIMULATOR

3-2: Microsoft Azure Kinect DK

¥ 3-3: BRE+ >~ —[6]

13



33BFESATFLOUE

INEFHIC K o CRFEI NI A F —F2E IR X T L[6]lTlk, £E—vav 7
y XV IREIER Yy 7R EICHERMA LN, EIEET 4 — PNy 7
BHIE T %7 & OBBEDBIFE S N7z,

VAT ARSI, E-vavEdy Iy EE, BEvv—%iE, PC v
AT L, A/ —FR—=FTIal—ZD4O00FHa vy FR—3 VB EINS,
X 3-4 # %M, Xbee Wi-Fil6] TRIET — & ICEMEETE 3,

Data Synchronization ......................................................... :

|Microsoft Azure Kinect DK x1 (Master) | ’Microsoft Azure Kinect DK x1 (Sub)

[ PC/uUnity3D System | o R

| Left Pressure Sensor x16 | | XBee Wi-Fi | |Battery|

|Right Pressure Sensor x16| | XBee Wi-Fi | |Battery|

‘ Snowboard Simulator }
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// Kinect

private Device kinect_master;

private Device kinect_sub;

private Tracker main_tracker;

private Tracker side_tracker;

private Animator animator;

private Capturell capture;

private Frame main_frame;

private Frame side_frame;

private Skeleton main_skeleton, side_skeleton;

private JointId jointId;

private Microsoft.Azure.Kinect.BodyTracking.Joint main_joint, side_joint;

private Quaternion quaternion, main_quaternion, side_quaternion, average_quaternion, footLeftRot,
footRightRot;

private System.Numerics.Vector3 main_jointPos, main_footLeftPos, main_footRightPos;

private System.Numerics.Vector3 side_jointPos, side_footLeftPos, side_footRightPos;

private System.Numerics.Vector3 jointPos, footLeftPos, footRightPos;

private Transform tfAnimator;

// for camera configurations

private DeviceConfiguration device_config;
private WiredSyncMode sync_mode;

private TimeSpan delay_off_master_usec;

// for defining devices
private bool master_found;
private Device master_device;

private List<Device> subordinate_devices;
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void StartSyncCameras(DeviceConfiguration master_config, DeviceConfiguration sub_config) {
foreach(Device device in subordinate_devices){
device.StartCameras(sub_config);
+
master_device.StartCameras(master_config);
}
// prepare a tracker
main_tracker = Tracker.Create(
master_device.GetCalibration(),
new TrackerConfiguration() {
ProcessingMode = TrackerProcessingMode. Cuda,
SensorOrientation = SensorOrientation.Default });
side_tracker = Tracker.Create(
subordinate_devices[0].GetCalibration(),
new TrackerConfiguration() {
ProcessingMode = TrackerProcessingMode. Cuda,
SensorOrientation = SensorOrientation.Default });

void Update() {
// get elapsed time
time = (int)Math.Round(Time.timex1000);
// get a frame from a tracker
if(main_frame != null){
if (main_frame.NumberOfBodies > 0) {
main_skeleton = main_frame.GetBodySkeleton(0);
foreach (KeyValuePair<HumanBodyBones, JointId> pair in boneJointMap) {
jointId = pair.Value;
main_joint = main_skeleton.GetJoint(jointId);
quaternion.Set(main_joint.Quaternion.X, main_joint.Quaternion.Y, main_joint.Quaternion.
main_joint.Quaternion.W);
// Sync data
tfAnimator = animator.GetBoneTransform(pair.Key);
if (tfAnimator){
tfAnimator.rotation = quaternion.normalized * this.GetQuaternionOffset(jointId);

jointPos = main_skeleton.GetJoint(JointId.Pelvis).Position;

footLeftPos = main_skeleton.GetJoint(JointId.FootLeft).Position;
footRightPos = main_skeleton.GetJoint(JointId.FootRight).Position;
main_jointPos = main_skeleton.GetJoint(JointId.Pelvis).Position;
main_footLeftPos = main_skeleton.GetJoint(JointId.FootLeft).Position;
main_footRightPos = main_skeleton.GetJoint(JointId.FootRight).Position;
side_jointPos = side_skeleton.GetJoint(JointId.Pelvis).Position;
side_footLeftPos = side_skeleton.GetJoint(JointId.FootLeft).Position;
side_footRightPos = side_skeleton.GetJoint(JointId.FootRight).Position;

jointPos = (main_jointPos + side_jointPos) / 2;
footLeftPos = (main_footLeftPos + side_footLeftPos) / 2;
footRightPos = (main_footRightPos + side_footRightPos) / 2;

tfAvatar = avatarRoot.transform;
vector3.Set(@, —-(jointPos.Y - Math.Max(footLeftPos.Y, footRightPos.Y)) / 10000f, 0);

tfAvatar.localPosition = vector3;}

3-6 : E¥ Kinect DK EE o — K
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BRI =%, FRIC1I6X16fHDO vy I —0bT — 2 ZINEL 72,
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// avatar control

tfAvatar = avatarRoot.transform;

float sx1 = (-10)+(20/255f)*(center[0]1+10);
float sx2 = 50x(center[0]-127)/255f;
vector3.Set(sx1, 0, 0);
tfAvatar.localPosition = vector3;

M3-7: 7/X&Z—|ZCav tO—J)LO—F
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{Ex

Microsoft Azure Kinect DK Zh X S RIER7 R 5 L€

using System;

using System.Collections.Generic;

using System.IO;

using System.Text;

using System.Threading.Tasks;

using Microsoft.Azure.Kinect.BodyTracking;
using Microsoft.Azure.Kinect.Sensor;

using UnityEngine;

public class AvatarTracker : MonoBehaviour {
// GameObjects
#pragma warning disable 0649

// [SerializeField]
[SerializeField]

private GameObject poleLeft;
[SerializeField]

private GameObject poleRight;
[SerializeField]

private GameObject footLeft;
[SerializeField]

private GameObject footRight;

#pragma warning restore 0649

// Kinect

private Device kinect_master;

private Device kinect_sub;

private Tracker main_tracker;

private Tracker side_tracker;

private Animator animator;

private Capturell capture;

private Frame main_frame;

private Frame side_frame;

private Skeleton main_skeleton, side_skeleton;

private JointId jointId;

private Microsoft.Azure.Kinect.BodyTracking.Joint main_joint, side_joint;

private Quaternion quaternion, main_quaternion, side_quaternion, average_quaternion, footLeftRot,
footRightRot;

private System.Numerics.Vector3 main_jointPos, main_footLeftPos, main_footRightPos;

private System.Numerics.Vector3 side_jointPos, side_footLeftPos, side_footRightPos;

private System.Numerics.Vector3 jointPos, footLeftPos, footRightPos;

// private Vector3 vector3;

// private Transform tfAnimator, tfAvatar;

private Transform tfAnimator;

// Folder
private StreamWriter writer;

// TimeStump
private int time;

// for writing sensor values
private StringBuilder sb = new StringBuilder();

// for indexing cameras
private int device_num;
private List<Device> devices_list;

// for camera configurations

private DeviceConfiguration device_config;
private WiredSyncMode sync_mode;

private TimeSpan delay_off_master_usec;

// for defining devices

private bool master_found;

private Device master_device;

private List<Device> subordinate_devices;

void Start() {
Application.targetFrameRate = 30;
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try
{

StartDevices();
catch (Exception e)

Debug.Log($"Unable to start the device.");
Debug.Log(e);
throw e;

try {
StartSyncCameras(master_config, sub_config);

catch(Exception e) {
Debug.Log($"Unable to start the camera.");
throw e;

// prepare a tracker
main_tracker = Tracker.Create(
master_device.GetCalibration(),
new TrackerConfiguration() {
ProcessingMode = TrackerProcessingMode.Cuda,
SensorOrientation = SensorOrientation.Default

1)

side_tracker = Tracker.Create(
subordinate_devices[0].GetCalibration(),
new TrackerConfiguration() {
ProcessingMode = TrackerProcessingMode. Cuda,
SensorOrientation = SensorOrientation.Default

1)

animator = GetComponent<Animator>();
quaternion = new Quaternion(9,0,0,0);
footLeftRot = footLeft.transform.rotation;
footRightRot = footRight.transform.rotation;

// create folder and log-file
writer = new StreamWriter(string.Concat(Initialize.savelLocation, "log_posture.csv"),false);

// set capacity of the stringbuilder
sb.Capacity = 1000;
}

private readonly DeviceConfiguration sub_config = new DeviceConfiguration{
ColorFormat = ImageFormat.ColorBGRA32,
ColorResolution = ColorResolution.R720p,
DepthMode = DepthMode.WFOV_2x2Binned,
CameraFPS = FPS.FPS30,
SynchronizedImagesOnly = true,
DepthDelayOffColor = TimeSpan.Zero,
WiredSyncMode = WiredSyncMode.Subordinate,
SuboridinateDelayOffMaster = TimeSpan.FromTicks(5000),
DisableStreamingIndicator = false

+

private readonly DeviceConfiguration master_config = new DeviceConfiguration{
ColorFormat = ImageFormat.ColorBGRA32,
ColorResolution = ColorResolution.R720p,
DepthMode = DepthMode.WFOV_2x2Binned,
CameraFPS = FPS.FPS30,
SynchronizedImagesOnly = true,
DepthDelayOffColor = TimeSpan.Zero,
WiredSyncMode = WiredSyncMode.Master,
SuboridinateDelayOffMaster = TimeSpan.Zero,
DisableStreamingIndicator = false
i
void StartSyncCameras(DeviceConfiguration master_config, DeviceConfiguration sub_config) {

foreach(Device device in subordinate_devices){
device.StartCameras(sub_config);

master_device.StartCameras(master_config);

void StartDevices() {
master_found = false;

device_num = Device.GetInstalledCount();
Debug.Log(device_num + " devices detected.
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devices_list = new List<Device>();
for (int i = 0; i < device_num; i++){
try
{
devices_list.Add(Device.Open(i));
catch (AzureKinectOpenDeviceException e)
Debug.Log($"Failed to open device {i}!");
throw e;
}
}
subordinate_devices = new List<Device>();
foreach (Device device in devices_list)
device.SetColorControl(ColorControlCommand.ExposureTimeAbsolute, ColorControlMode.Manual, 30);
if (device.SyncOutJackConnected & !device.SyncInJackConnected & !master_found) {
master_found = true;

master_device = device;

else if (!device.SyncInJackConnected & !device.SyncOutJackConnected) {
Debug.Log("Each device must have sync in or sync out connected for synchronization!");

else if (!device.SyncInJackConnected) {
Debug.Log("Non-master camera found that doesn't have the sync in port connected!");

else {
subordinate_devices.Add(device);

¥

if (!master_found) {
Debug.Log("No device with sync out connected found!");

}
private Capture[] capture_list;
private int current_index;
private const double WAIT_FOR_SYNCHRONIZED_CAPTURE_TIMEOUT = 60000;
private const int MAX_ALLOWABLE_TIME_OFFSET_ERROR_FOR_IMAGE_TIMESTAMP = 100;
Capture[] GetSynchronizedCaptures(DeviceConfiguration sub_config){
capture_list = new Capture[subordinate_devices.Count + 1];
current_index = 0;
capture_list[current_index] = master_device.GetCapture();
++current_index;
foreach (Device device in subordinate_devices)
capture_list[current_index] = device.GetCapture();
++current_index;
+

if (subordinate_devices.Count == 0)

return capture_list;

bool have_synced_images = false;

DateTime start = DateTime.Now;
while (!'have_synced_images)

TimeSpan duration = DateTime.Now - start;

double duration_ms = duration.TotalMilliseconds;

if (duration_ms > WAIT_FOR_SYNCHRONIZED_CAPTURE_TIMEOUT)
Debug.Log("ERROR: Timeout waiting for synchronized captures.");

Image master_color_image = capture_list[0].Color;

double master_color_image_time = master_color_image.DeviceTimestamp.TotalMilliseconds;

for (int i = 0; i < subordinate_devices.Count; ++i) {
Image sub_image;

sub_image = capture_list[i+1].Color;
if (master_color_image != null && sub_image != null)

double sub_image_time = sub_image.DeviceTimestamp.TotalMilliseconds;
double expected_sub_image_time = master_color_image_time
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+ sub_config.SuboridinateDelayOffMaster.TotalMilliseconds
+ sub_config.DepthDelayOffColor.TotalMilliseconds;
double sub_image_time_error = sub_image_time - expected_sub_image_time;

if(sub_image_time_error < -MAX_ALLOWABLE_TIME_OFFSET_ERROR_FOR_IMAGE_TIMESTAMP)
{

capture_list[i + 1] = subordinate_devices[i].GetCapture();
break;

}
else if (sub_image_time_error > MAX_ALLOWABLE_TIME_OFFSET_ERROR_FOR_IMAGE_TIMESTAMP)
{

capture_list[0] = master_device.GetCapture();
break;
}

else
if (i == subordinate_devices.Count - 1)
have_synced_images = true;
}
else if (master_color_image == null)

Debug.Log("Master image was bad!\n");
break;

else if (sub_image == null)

Debug.Log("Subordinate image was bad!\n");
capture_list[i + 1] = subordinate_devices[i].GetCapture();
break;
}
}
}

return capture_list;

b

void FixedUpdate(){
// get capture from Kinect
capture = GetSynchronizedCaptures(sub_config);
main_tracker.EnqueueCapture(capture[0]);
main_frame = main_tracker.PopResult();

void Update() {
// get elapsed time
time = (int)Math.Round(Time.time*x1000);
if(main_frame != null){
if (main_frame.NumberOfBodies > 0) {
main_skeleton = main_frame.GetBodySkeleton(0);

foreach (KeyValuePair<HumanBodyBones, JointId> pair in boneJointMap) {
jointId = pair.Value;
main_joint = main_skeleton.GetJoint(jointId);

quaternion.Set(main_joint.Quaternion.X, main_joint.Quaternion.Y, main_joint.Quaternion.

main_joint.Quaternion.W);

tfAnimator = animator.GetBoneTransform(pair.Key);
if(tfAnimator){
tfAnimator.rotation = quaternion.normalized * this.GetQuaternionOffset(jointId);

sb.Length = 0;
sb.Append(time.ToString());
sb.Append(',');

sb.Append(pair.Key);

sb.Append("',');
sb.Append((quaternion.x).ToString("f2"));
sb.Append(',');
sb.Append((quaternion.y).ToString("f2"));
sb.Append(',');
sb.Append((quaternion.z).ToString("f2"));
sb.Append(',"');
sb.Append((quaternion.w).ToString("f2"));
writer.WritelLine(sb);

}

jointPos = main_skeleton.GetJoint(JointId.Pelvis).Position;
footLeftPos = main_skeleton.GetJoint(JointId.FootLeft).Position;
footRightPos = main_skeleton.GetJoint(JointId.FootRight).Position;

main_jointPos = main_skeleton.GetJoint(JointId.Pelvis).Position;

main_footLeftPos = main_skeleton.GetJoint(JointId.FootLeft).Position;
main_footRightPos = main_skeleton.GetJoint(JointId.FootRight).Position;
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side_jointPos = side_skeleton.GetJoint(JointId.Pelvis).Position;
side_footLeftPos = side_skeleton.GetJoint(JointId.FootLeft).Position;
side_footRightPos = side_skeleton.GetJoint(JointId.FootRight).Position;

jointPos = (main_jointPos + side_jointPos) / 2;
footLeftPos = (main_footLeftPos + side_footLeftPos) / 2;
footRightPos = (main_footRightPos + side_footRightPos) / 2;

tfAvatar = avatarRoot.transform;
vector3.Set (@, —-(jointPos.Y - Math.Max(footLeftPos.Y, footRightPos.Y)) / 10000f, 0);
tfAvatar.localPosition = vector3;

sb.Length = 0;

sb.Append(time.ToString());

sb.Append("',"');

sb.Append("position");

sb.Append(',"');

sb.Append((-jointPos.X / 200f).ToString("f2"));

sb.Append(',"');

sb.Append((-(jointPos.Y - Math.Max(footLeftPos.Y, footRightPos.Y)) / 10000f).ToString("f2"));
writer.WritelLine(sb);

footLeft.transform.rotation = footLeftRot;
footRight.transform.rotation = footRightRot;
}
+
}

private void OnApplicationQuit() {
foreach(Device device in devices_list){
device.StopCameras();
device.Dispose();

writer.Flush();
writer.Close();
System.GC.Collect();

private Quaternion GetQuaternionOffset(JointId jointId) {
switch (jointId)
{

case JointId.Pelvis:
case JointId.SpineChest:
case JointId.SpineNavel:
case JointId.Neck:
case JointId.Head:
//return Quaternion.Euler(90, 0, 90);
return Quaternion.Euler(180, 0, 0);
case JointId.HipLeft:
case JointId.KneelLeft:
case JointId.AnkleLeft:
//return Quaternion.Euler(90, 0, 270);
return Quaternion.Euler(o, 0, 180);
case JointId.HipRight:
case JointId.KneeRight:
case JointId.AnkleRight:
//return Quaternion.Euler(270, 0, 90);
return Quaternion.Euler(o, 0, 0);
case JointId.ClavicleLeft:
case JointId.ShoulderLeft:
case JointId.ElbowLeft:
case JointId.ThumbLeft:
//return Quaternion.Euler(180, 0, 90);
return Quaternion.Euler(90, 0, 0);
case JointId.ClavicleRight:
case JointId.ShoulderRight:
case JointId.ElbowRight:
case JointId.ThumbRight:
//return Quaternion.Euler(@, 0, 270);
return Quaternion.Euler(90, 0, 180);
case JointId.FootLeft:
return Quaternion.Euler(180, 90, 0);
case JointId.FootRight:
return Quaternion.Euler(180, 270, 180);
case JointId.WristLeft:
case JointId.HandLeft:
case JointId.HandTipLeft:
//return Quaternion.Euler(0, 0, 90);
return Quaternion.Euler(270, 0, 0);
case JointId.WristRight:
case JointId.HandRight:
case JointId.HandTipRight:
//return Quaternion.Euler(270, 0, 270);
return Quaternion.Euler(o, 0, 180);
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return Quaternion.Euler(90, 0, -90);

private readonly Dictionary<HumanBodyBones, JointId> boneJointMap = new Dictionary<HumanBodyBones,
JointId>() {

// 3

{HumanBodyBones.
{HumanBodyBones.

// b5

{HumanBodyBones.
{HumanBodyBones.
.Neck, JointId.Neck},

{HumanBodyBones

{HumanBodyBones.
{HumanBodyBones.

/7 Tl

{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.

// Fili

{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.

// FI

{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.

/] FH

{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.

// Wi

{HumanBodyBones.
{HumanBodyBones.

/] KEF

{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.

/] T

{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.

// Fis

{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.

// fitd

{HumanBodyBones.
{HumanBodyBones.
{HumanBodyBones.

+

LeftEye, JointId.EyeLeft},
RightEye, JointId.EyeRight},

Hips, JointId.Pelvis},
Head, JointId.Head},

Chest, JointId.SpineChest},
Spine, JointId.SpineNavel},

LeftShoulder, JointId.ClavicleLeft},
LeftUpperArm, JointId.ShoulderLeft},
LeftLowerArm, JointId.ElbowLeft},
LeftHand, JointId.WristLeft},

RightShoulder, JointId.ClavicleRight},
RightUpperArm, JointId.ShoulderRight},
RightLowerArm, JointId.ElbowRight},
RightHand, JointId.WristRight},

LeftUpperLeg, JointId.HipLeft},
LeftLowerLeg, JointId.KneeLeft},
LeftFoot, JointId.AnkleLeft},

RightUpperLeg, JointId.HipRight},
RightLowerLeg, JointId.KneeRight},
RightFoot, JointId.AnkleRight},

LeftToes, JointId.FootLeft},
RightToes, JointId.FootRight},

LeftIndexProximal, JointId.HandTipLeft},
LeftIndexIntermediate, JointId.HandTipLeft},
LeftIndexDistal, JointId.HandTipLeft},
LeftMiddleProximal, JointId.HandTipLeft},
LeftMiddleIntermediate, JointId.HandTipLeft},
LeftMiddleDistal, JointId.HandTipLeft},
LeftRingProximal, JointId.HandTipLeft},
LeftRingIntermediate, JointId.HandTipLeft},
LeftRingDistal, JointId.HandTipLeft},
LeftLittleProximal, JointId.HandTipLeft},
LeftLittleIntermediate, JointId.HandTipLeft},
LeftLittleDistal, JointId.HandTipLeft},

RightIndexProximal, JointId.HandTipRight},
RightIndexIntermediate, JointId.HandTipRight},
RightIndexDistal, JointId.HandTipRight},
RightMiddleProximal, JointId.HandTipRight},
RightMiddleIntermediate, JointId.HandTipRight},
RightMiddleDistal, JointId.HandTipRight},
RightRingProximal, JointId.HandTipRight},
RightRingIntermediate, JointId.HandTipRight},
RightRingDistal, JointId.HandTipRight},
RightLittleProximal, JointId.HandTipRight},
RightLittleIntermediate, JointId.HandTipRight},
RightLittleDistal, JointId.HandTipRight},

LeftThumbProximal, JointId.HandLeft},
LeftThumbIntermediate, JointId.ThumbLeft},
LeftThumbDistal, JointId.ThumbLeft},

RightThumbProximal, JointId.HandRight},
RightThumbIntermediate, JointId.ThumbRight},
RightThumbDistal, JointId.ThumbRight},
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