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Abstract

BIEHERE &2 o 7 BPBRIBRENE 0 B TT ik D e
Proposal of a Method for Learning Baseball Pitching Motion Using Pose

Estimation
2210031 OKADO, SHOMA

The most common ways to learn sports techniques are by watching other
athletes for reference, by watching videos of yourself, or by having an instructor
teach you. However, with these methods, it is difficult to clearly see the
difference from the target movement, so there is a problem that there is a
possibility of learning the wrong movement.

In this research, we propose a system that uses VR and MediaPipe Pose to
allow users to check the actions of a model and themselves in real time. Focusing
on the right knee joint angle in the pitching motion of baseball, we compared
practice using this VR system, practice by watching and imitating general videos,
practice by watching videos while paying attention to the angle of the knee, and
practice displayed the angle of the knee. We will evaluate whether there is a
difference in reproducibility among the four VR practice methods shown.

As a result of the experiment, in all four exercises, | was able to get closer to the
model knee joint angle than before the exercise. In particular, with the proposed
VR system, the joint angle of the model knee could be reduced to 3.81 degrees
for all experimenters, including those who had no experience playing catch, and
0.08 degrees for those with experience playing catch. On the other hand, in the
VR system that displayed a comparative view of the knee angle, it was found that
the knee was flexed 7.82 degrees to 12.89 degrees more than the model.

When learning a specific movement or technique in sports, etc., one practice
method is to imitate an expert to get the hang of it or to find opportunities to
improve your level. We hope that the system proposed in this study, which
allows users to check the model and the user's actions in real time, will be able to

support technical acquisition.

Keywords: VR, MediaPipe, Pose Detection, Baseball Pitching
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11 MRER & BHAY

BIE, AF—VRCiE, A REREMMER I N T, XYL B
3% 7912, VR(Virtual Reality: R AHB1%) = AR(Augmented Reality:#E5RILE)
R EOEMIEAVT, AEICEARSLEREREITW 200 X 5 RERSGEE %D
ST L%, HAWAOHERZEALTHIRL2Y, HECEFOT —X 2 g
DB T2 L DA[REIC R o 72, 72, EHERHERT -0, F—2T 4D
Lo BFHZMPITE 2 AT LBEHINT S, fhicdh, KHRWVAT 4
— VYV RAEHMET L L0 ATHEMBANITIEN I NS, EFOZ O HDIEH)
BPRELEZEHT 5 LI X 2HHETSC, A R Bl v 7 Bl
BRSESRINT WS, AR—VHHIEICL 2T, ELWEliOEGIEEE
THHD, MERMIE > COIBRBEREONTHE 720, AF—YHTioH
i, thoEFE A CSF T2 HECHTI R L MG %2 R 277k, 188
FICHZTHO L I HEBR—ITH 5. LrL, ZaboiE<Tlk, BEEE
L OECDAREIC D D Ic Wi, EoRBIfF 2 EET SRS H B L v
O REPIREEARAMIC L > TIREL T O 2RV E W MELH 2. ZOfHE

LT, VREfi®E—v a3 v v 75 v [1][2][3], HEMZ & DHENES



ZEHHIS 2NE 2 v [4], T 2T T TNk v & D BIRDINER % FHHIF 5 Ah
#2 v ¥ [5][6], MediaPipe @ X 5 7 G L HIRAEE % F v 7 ZBHEE %
FALZHEPHbNE, VRIZ, AFR—=Y L —=v 7T TR, EE
P74, BHE, FIAvvriovialL—ahhbtervirfvAivie
LCERHEN T3 EMTTH 2 [7][8][9]. VREE— 2 v % v 7 F v Ll
FEBREERCEEBHEEIC X 28ED 3 KI6T — £ % VR IR T % 7%
ELCHT A DELZFAREDB I AbIL TS, AKR—=Y L —=v
BT, E—YavF v 7F ¥ Kinect, Ft v % 7= 8 EEHNIC
ST BEE{ESR 7 K34 2% HMD (Head-Mounted-Display) ICER L 72 235
BT 2276035 5[1]. LirLl, 2hbDy 2T AR, BEEKODH 3 HIE
BIE 2 72808, IEMEABTOBGZ alfEIc TE 225, HRENE & AR5
DT DEFE % ARERE DA FIRFIC T L 28 b E 2 2 L3k, %
T2y 74 —=F2Nv 7% Y TAXA LEERICERICICTS 2 AR,
ZZC, AWgE T, BHEBEIE L EERG I 0BE e EiRIGIER ) Tz
ALCTHRL B oMECTE 5, ILICHFEEL OFERD Y T XA LTl
RLAEROHETE LV AT L2 RET 2. FicHELZHEIEL Y T
XA LCEIEL T 3 RERE OLBHEE 21T\, BHEEIE L AENRE OBE

 VREMICIRRT 228tk oT, #2853 AT %35,



Z LT, MELLYZAT LEMCTHEZT, HERITR CEHROKIREIFIC

BT HERE O AL R oIz E D o TEHlER 217 5.

1.2 Kim X DIERL

UTIARRLDOERR 2R, F1ECTFmEBRS. F2ETIE, KRR
WCBEE S SR L BE S 2 HEN, B3 ECIRETEL v AT aFEE IOV

N3, FAETE, ERELHR FRICOVCTHER, RRICHESETET L

R USOPN



2% BEENTIT & BEREE

AWPgECld, FRNICHELZZBEEEL UV T 2 4 L TORERE O LREBHEE
T\, BEEE L FENREOEEE VR ERICIRRT 2 2 LIk - T, BfE
FERTELVATLARMET L. 2 LT, Y AT LICK 3HEOFI%R TEERD
BERENMEIC B 2RO MEICEB RO N2 8 ) S ic oW 5. A
Tl%, MediaPipe ICBHd 2 #HiSIcoWT, # LT VR ZHW=EHEEL 27

LATDOWTHAN T 5.

2.1 MediaPipe [CD W T

AL DL EHEE IV 72 MediaPipe 13 2018 4225, Google f25f2 k4 3
BREHICL 2V TARALBIOR M) =3IV AT 4 T7THE[10]. 2o
AT 4T T, EBHEFE (Pose Landmark Detection) 2 Zffi ! (Face Detection),
F#iH (Hand Landmark Detection) 72 & %175 & L 250[REIC 2 5. HEE - M L
727 —213 AR® VR L EHAOADLE 2 T Ly AlREIC 72 5. HRHIE, AR R
il 32720 DMER 7 2 A AT AT ZEF LT B0 85 2% HEIICHK
B3 272005 R S IcHLbT w3 [11][12][13]. FHEEBIBEL TiE, ~v

MYz 2F v — 0k, ROFERHEONTL T 5 [14][15].



Fric, REMEEICH\TIZ, BlazePose Hf5¢% i L 72 Machine Learning v
Ja—vavTahh, I lBlEriHEl Tna a2 70RICE T2, X
2.1 12/~ 3 33 S ORHEUE Z HEBIPTREIC 72 o T B [16]. BlazePose & 1%, ZKEAHE
EDETNDIETHL, LAFALE X -T 4 vFOU 4 FAT 47 ZPAE
[ (Vitruvian man)2 5 & v F %15 THH, AEOEAh.LIcHE2#iE, Ak
Rz M ORE, 8 L o f 2 i S oA 2 Pl L <w 2 (3 2.1)[17].
ZDETFAZIGH L 72 REHEEIC X 0 33 H RS D 3 RITDHIET — & % HL
332 2 &K S, MediaPipe OLXBHEEZ W T% L DR fThILTW
5. AR=VICEVWTIE, 2V 7y bRy T4 v IRAFAMICET B AED F —
R A v+ MediaPipe CTHitiL, v a v F 20T 232 LickoC, {BEEEL
TY, BEEANDOANSY T4 v I AT —< v AR ET S 2 L ZHEEIC
L720fF5e23 % % [19]. %72, MediaPipe & python 74 77 U #HWTF v F Y
ZERRIT Y FREDRAK—Y L —= v IEIEDIEMENE R FHI L 22028
ML —= v 7RO D T h T3 [20][21]. ERSEFICE VT, EiiE D
FRfE] 2 MRS % 72 D ICRBMERE - BIASEH S hvTwn 5 [22]. ficd, I DL
BEBAL CIELWEIEZ TE T30, 7 VoA X3 20158 (23], 18

PEE D RIS RICBMERT R 2 R T 4 3T v ZREJ) D FHiIC D v T D 9E[24],



o TR BROLRBORLELOHELR Y, LB CHE[25] 23 TbhT

W5,

INoDWFED & 512 MediaPipe Z{E/H L 72019813 & 2 25, BIFEHE & 525k

BhE(T LA Y)ZEEICY) T X4 LTl L CEffiioEE %2 Bis Tz,

FNb% VR BIEBICIERTAZ LICL o T BETEICOWTOIE Gk
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22VR Z W HRITER/IEICO T

VR ZHOEEEERZZICEVLTE, BN, E—vavFrT7Fre
Kinect % F\» C HIZEI/E % 5H80 L, HMD i< HEBI{ESR 7 F N4 2% RT 3,
HIEEEZ 5T 5, H 2V IEHEEFL DEVE 74—V Ny 27352 LT,
R R 2 BRTELLICMAT, EozBE2 BT %<
EBTE D,

JMFESE, VR FL—=v itk oT, FAEDEOBEBA2XET S 27 A
ZREL W] BEMMEZTAERMMIECHY, E—vavFr 7 Iy i
ACEfEZEHII L, HMD IS —F » A 2 BIEFEEIEL L TIRIR L T 2 (X 2.1).
BHEEMIcE T, E0dELZES LESEZ T CHIaL, Re2ICHEz I
FCwd, wkaE I, HMD & 2> bu—J %2388 L HEHE2 B+ 32 & T
FEEBTEs. 2 OEHFEPINET TS L LT e w2 EET 2
ZlicyL, HRRELERI NS Z EAMEIN TS,

Lo L, EEEEIEEIE & R I EOEEZ Y 7T 2 4 L CHER L %23

HTF B LRTER,



X 2.8 : FAEREMBEEY AT L4[1]

2.3 FERDIZEKENEIC DL T

7o EREF PR EEDOKEKFDO TRICEHEH L TOM & T o 2W%E2H 2
[26]. X 2.4 1R F X oI, EREIER 5 oiIcH L, Th T holkibico, K
FE B & RBE T o I A O BIc D W T E L d T 5. B o i A R (1
2.5 2T, M BHIEICE L 72FRSFCO D 25 AD 7 1 BPERET D K13
136.6+8.0 THho7. ¥7z, vy FHIEGHRF LM OBREEAZICOWT,
fkofffse[26][27][28] & el 2 &, 7w, K%, @O L ~ v icBfRz <,
50D T NCORHCTHEWILEELR R oL LTwa (X 2.6, [X2.7).

Z 2T, AT, ARBEEAEICER L, Y A7 0%, B, otz
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FAAAL Y

MHL SFC

> EE-Z—J::
MHL : Maximal Height Leg MER : Maximal Shoulder External Rotation
SFC : Stride Foot Contacts Ground  REL : Ball Release () e e
MBV : Minimum Ball Velocity HE (+) /md ()

2.4:5 BRI L - BERENE X 2.5 : FREAfi A B

4 EAOEELLTIFALOHE:

AR MEEEIE A (20050 Fleisig et al. (1999} Eageyama et 2010
TOHRET  ganl  germy  MRE RSP JONHET o
n=25 =10 n=12 n=33 n=115 n =6l #=10
MEBVEFR b7 1< BB G 5 B (deg) 006+ 138
MERBS 2 | 5+ BB E i (deg) 1035+ 155 1107 = 108
RELEFZ | 77 FHEME RS HE (deg) 10442172 1053 + 127

SFCESZ b 57 FAYREMEIMEMEE (deg) 1332473 114346 1243467 130£00 13204120 13080 1340267
MEVEF 2 | 7 FEIBEME WA de) 1203+ 78

MERBF 2, 71 [ FOEERE e B (deg) 1293 %117 1405 =131
RELEfZ | 54 FWEEBE R M (deg) 13124152 1370+ 130 14004 130 14204+ 130 15254134
MEHLEF - - IREIR T e (deg) 11+ 1648 16000 1609 + 42
SFECES ot - eI e A B (ddeg) 13662 80 L300 1545+ 64

MEREFE o - IR A (deg)  1SLA+AT
RELEFER o | BREIRI 0 i A (deg) 12304 106 LA

2.6 : EE DO IC X 2 IREEHT - RBESEI A B o L
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2 R E O REREE I B0 S A M S SRS
A3 FEI R
MHL SFC MBV MER REL
{deg) 93+ 115 3TR:108 2AG= 186 130+ 185  86= 164
MeE —
(deg) 226+ 162  03% 147 442216 14+ 169 3.4z 360
M
cv | o0z |  om 0.24 04z | 076
- (deg) 06.7 £ 26.5  T0.7 £ 13.4  O06= 138 1035+ 155 1021 = 157
I o {1 e e
oV
27 R e R
- (deg.) 95.6+ 37.0 1312+ 7.3 1293= 7.8 1293+ 117 1331z 152
T i {1 e
[ 006
B = AR PR
{deg) 1.0+ 113 360 = 7.7 1942 117 34121 73z 114
MeE —
v 0.21 049 | o6z | 0.55
{deg) 156+ 384 260+ 186 164z 225 9.5+ 202 110 % 16.7
Mo
eov | oa | oa | oss | o0ar | o085
o (deg) J.0£812 -BE£ 130 -143= 111 4.2+ 94 8.5 = 10.2
T e i B2 =
oV | ow | o7m | 0.71 | os7 | 0.75
B = i R
- (deg) 144.1 = 168 136680 1413z 7.0 1318z &7 1230 = 10.6
T i ov

[ ]
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[ ]

W R RO B A S R ~-0.52 D& BRSO E, 0.350.63 DEE FREOLEN
HiHSEE, 084~ B LA AECEEE ER L

X 2.7 : £BEETAEIC BT 5k
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BIT ’EFE

AWt oz clix, BEEEoBEF2zEMT 5 2 Lic ko, L 1E S H
EEEDBIEICE DL 2 A DE 08 %2 FHET 2. 2070, HMD %
M, BEEEE L ERBHEAFE CHEE ETY) 724 LcB8fEr R
BTELLWVIHIMEOREICOWT, ZL T, EEARICOVWTHHAT 3.

31 REFE
WURD I X 28 & VR B2 A L 7240 < BRI {FE{E 2 525 2

T LT Ko T, EB I E (G BRI T) o BIREHE 1< 51 2 4RBAET o 4 2% B AR
BIFICE DL D hFHii T 2720 D AT L% RET 5.

1. B0 Hic X %

2. VR ZER%FIH L 72

3. lickwT, HRBETALZZE#RT 5 & HfER

4. 2 IBCTHKRBEAEZ ZE#T 5 & 5 fExR
INo 1~4 OFEZITV, EOME TRD HIESFICTo K 2 e Bk %z
Tl 5. 2, 4B WTIE, VR ZRIC BAZEE & LBt hE (@ - oili s %
HMD iRz L, ) TR A LCTRIRBEBOMEZITS. A T4I1CBW»TI,
mi# OHERBEF AL 2 XRS5, HIZBEOBE I & TOME I VT 0.5 {4

HCTHAETS.
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3.2FEICONT

VAT LOMEZK 3.1 RS, AW T, EREIEICE T 2 GBI O A
EAEHT 202 H % 72, MediaPipe % {#if L 72. MediaPipe Pose IZ X -
TAMED 33 RBHEEINT VB I LA 5X%ERT. 20 33 moN, G
CHERE, AHED 3 RAEMAHLC, ARoMEZFHEST 5. 5IHEIE, AxkD 5
o AE, AlEox, yEBER x1, yl, A0 x, yEBE% x2, y2, AHED

x, vEEY x2, y2 £ 55 &,

2 { ; (y3 - yZ) ; (yl - y2>} 180
= — *
P\ —x2) T G —2)S "

DRICL->T, FHRET2 k2. SRICL > TREZGROMAEL, 33 &
D 3 RILHEFEZY TLE4 LT VR ZERICKBLT 2 729 i, UDP(User
Datagram Protocol) # [ L 72. UDP&{E(Z, B @G- CEMEEREY T
ZA LEDPEHINIZBICHHINBE e FarTths, UDPEFBICEY
Python fil2> & Unity(CHEIIC) TA 2 4 LT — 2 %X EL T3,
HEBEOBI{FIcO Wi, 5 2 & 2.3 fiics I 2R %2 5EF 1, Az
[ AT 2 BRI IRBAE A BE 25 186.6 = 8.0( L EEHER &) DHIFAN TH 5 7 w i
BT #3810, MediaPipe TEEMEE # 1T\ 3 RUTHBIET — 2 G L, KL

L7z, KR CRAZETORBES AL, 134.00° TH 7=,
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BFAIZE s MediaPipe Pose s UDP@IEIC & UIx(E
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4.1 {EREM

AfFZEClE, #1127 & LT Logicool 7 v HD(1080P) % i L, HMD & L T

Oculus Quest ZfHRH L 7=. VR EREEOREEE T Unity Z{HH L 7-.

4.2 RERBNZEICONT
REHROKERGN# I, AFt 1L 4THE, BHE104, KiE14<THY, B
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0~ DFFTEKT.
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X 4.2: VR ZRHW-#HE 21T 5 &F
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IR L 7.
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X 4.3 : BFEREIREE
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WCORRZHAT 5.
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DHEICHEADRD D0 E 50, t BEEHWTHHN.

B IC X 2 HE O E X 4.4 1R T, BERTCHS = 154.25, BEHERAE =
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D3 VR ICX2ME O BHEERIGES 2 BHks 2305 h0, 2D
7213 16.44° THo 7.

RIT, HEROAEZE#RT 5 L5 IR L CTEIBIC X W7o 2 ME OfiR %
4.6 1R, BEFTCEE = 154.25, HFHERE = 14.5TICH LT, #HEHCE
¥ =123.33, BEYER A =18.62)TH 0, HHEIC X2 HEEVR b N72(t="17.98,
p=0.00001). 2% Y, HIEIEDOH KRB O AL 134.000 L#ERDOFE %L
N5 L 10.67 JEHPKRELSZDE LW IFERICR > 7.

T, HROMEEXEH#RT 2 XD ICHETR LT VR I X D fTo 72808 o3
X 4.7 18T, MERTCEE =154.25, FHERA = 145710 LT, HEERCE
¥ =126.18, BEHERA =18.39)CTH Y, MEHIC XL 2 HEAED R 5N 7(t=5.70,
p=0.00029). 2% Y, HEIEDOL KB O A 134.000 L#MERDOFH %L

X5 L 782 JHHIAKEL Db LWwIHERICKR -7,
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BEES 0 1 2 3 4

FEi(deg) 152.01 137.81 133.92 118.16 121.11

RERE 13.63 19.12 16.60 10.85 10.81
BFAREDE(deg) 18.1 3.81 0.08 -15.84 -12.89

£ 4.20 ¥ ¥ v FF-ARREOMERER

4.5 Z5
AR D 2 DFFE (1D VR 2T 2 F D2 G2 I L 223517 5 #iE )1

BT, R L R 2 bic, WEQDOT S HESEORMIEICIEOT S
DKL Lo, BOHE OBIFIRERTER L 722 5 8E 2179
D, BMChorztELLNS. LM AEEZEHT 5 X5 IcfER L2
BHICH VT VR ZiEH L 8E 072, MERTL Y b BEFEEEDBKRAEIC
O LI TERD, HMLTIECLE I 2 ehphotk. ERlnIER2ED,

RICEFBZEC L) Icfin L2fE Q) Dk, MEQ), @Q0%L Y bEo MR

9»-
:HIU

R L Tw 2GR 4.3). hid, EBUCHEM L 2 BEEBIEORIREIEIC B W T,

LT OLEME R LU O IEKRBIE S ML Cnier b2 e E 2 5. LeilE

Y

I G Il D [l e 23 BRAR 3~ 2 23, [l feike 1 A5 e 0% B AR PRI (B3R5 I D i g <

DS DHERER L ViR 72X ICRZTwieEILNS,
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#S | ®HEE BELo#E | WE20% | ®E30#® | WHIDE
1 161.69 154.23 139.58 123.23 113.29
2 136.54 121.23 105.87 100.01 109.10
3 125.32 101.77 106.14 99.02 110.7
4 174.40 172.32 172.85 170.01 172.00
3 153.68 136.20 142.28 129.09 141.50
6 155.48 144.82 137.98 128.23 133.83
7 160.55 163.421 145.56 124.17 128.30
8 145.07 130.51 138.12 120.19 113.00
9 160.00 126.61 130.60 114.24 115.77
10 173.81 161.50 159.15 125.48 124.49

* 4.3 EHIHE A BB o RES T A EE
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

mp_pose = mp.solutions.pose

pose = mp_pose.Pose()

count = @

height = 174

while True:

success, img = cap.read()

if not success:

Break

h, w, ¢ = img.shape

width = height

imgRGB = cv2.cvtColor(img, cv2.COLOR_BGR2RGB)

results = pose.process(imgRGB)

if results.pose_landmarks:

po
pl
p2
p3
p4
p5
p6
p7
p8
po

results.
results.
results.
results.
results.
results.
results.
results.
results.

results.

pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.

pose_landmarks.

landmark[@]
landmark[1]
landmark[2]
landmark[3]
landmark[4]
landmark[5]
landmark[6]
landmark[7]
landmark[8]
landmark[9]

#nose
#left_inner_eye
#left_eye
#left_eye_oter
#right_eye_inner
#right_eye
#right_eye_ outer
#left_ear
#right_ear
#mouth_left

ple® = results.pose_landmarks.landmark[10] #mouth_right
.landmark[11] #left_shoulder
.landmark[12] #right_ shoulder
.landmark[13] #left_elbow
.landmark[14] #right_elbow

pll
pl2
p13
pl4

results.pose_landmarks
results.pose_landmarks
results.pose_landmarks

results.pose_landmarks
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67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

p15
p16
pl17
p18
p19
p20
p21
p22
p23
p24
p25
p26
p27
p28
p29
p30
p31
p32

#Calculate the

x1
yl

X2
y2

X3
y3

results.
results.
results.
results.
results.
results.
results.
results.
results.
results.
results.
results.
results.
results.
results.
results.
results.

results.

int(p24.
int(p24.

int(p26.
int(p26.

int(p28.
int(p28.

pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.
.landmark[20]

pose_landmarks

pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.
pose_landmarks.

pose_landmarks.

landmark[15]
landmark[16]
landmark[17]
landmark[18]
landmark[19]

landmark[21]
landmark[22]
landmark[23]
landmark[24]
landmark[25]
landmark[26]
landmark([27]
landmark[28]
landmark[29]
landmark([30]
landmark[31]
landmark[32]

angle of the right knee

* W)

*W)

* h)

* W)

#left wrist
#right_wrist
#left_pinky
#right_pinky
#left index
#right_index
#left thumb
#right_thumb
#left hip
#right_hip
#left_knee
#right_knee
#left_ankle
#right_ankle
#left_heel
#right_heel
#left_foot_index
#right_foot_index

cv2.line(img, (x1, y1), (x2, y2), (255, 255, 255), 3)
cv2.line(img, (x2, y2), (x3, y3), (255, 255, 255), 3)

cv2.circle(img, (x1, y1), 10, (255, © ,0), 5, cVv2.FILLED)
cv2.circle(img, (x2, y2), 10, (255, @ ,0), 5, cVv2.FILLED)
cv2.circle(img, (x3, y3), 10, (255, © ,0), 5, cVv2.FILLED)
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103 angle = math.degrees(math.atan2(y3 - y2, x3 - x2) -

104 math.atan2(yl - y2, x1 - x2))
105

106 cv2.putText(img, str(int(angle)), (x2 -50, y2 - 50),
107 cv2.FONT_HERSHEY_PLAIN, 2, (@, 0, ), 2)
108

109 po_x = int(p@.x * width)

110 po_y = int((1 - p@.y) * height)
111 pl x = int(pl.x * width)

112 ply = int((1 - pl.y) * height)
113 p2_x = int(p2.x * width)

114 p2_y = int((1 - p2.y) * height)
115 p3_x = int(p3.x * width)

116 p3_y = int((1 - p3.y) * height)
117 p4_x = int(p4.x * width)

118 p4_y = int((1 - p4.y) * height)
119 p5_x = int(p5.x * width)

120 p5_y = int((1 - p5.y) * height)
121 p6_x = int(p6.x * width)

122 p6_y = int((1 - p6.y) * height)
123 p7_x = int(p7.x * width)

124 p7_y = int((1 - p7.y) * height)
125 p8 x = int(p8.x * width)

126 p8_ y = int((1 - p8.y) * height)
127 p9_x = int(p9.x * width)

128 p9_y = int((1 - p9.y) * height)
129 ple_x = int(pl@.x * width)

130 ple_y = int((1 - ple.y) * height)
131 pll x = int(pll.x * width)

132 pll y = int((1 - pll.y) * height)
133 pl2 x = int(pl2.x * width)

134 pl2_ y = int((1 - pl2.y) * height)
135 pl3 x = int(p13.x * width)

136 pl3 y = int((1 - pl3.y) * height)
137 pld x = int(pl4.x * width)

138 pld y = int((1 - pl4.y) * height)
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139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

p15_x
P15 y
pl6_x
pl6_y
pl7_x
pl7_y
pl18_ x
pl8_y
p19_ x
plo_y
p20_x
p20_y
p21_x
p21_y
p22_x
p22_y
p23_x
p23_y
p24_x
p24_y
p25_x
p25_y
p26_x
p26_y
p27_x
p27_y
p28_x
p28_y
p29_x
p29_y
p30_x
p30_y
p31_x
p3ly
p32_x
p32_y

int(p15.x * width)
int((1 - p15.y) * height)
int(pl6.x * width)
int((1 - pl6.y) * height)
int(pl7.x * width)
int((1 - pl7.y) * height)
int(p18.x * width)
int((1 - p18.y) * height)
int(p19.x * width)
int((1 - pl19.y) * height)
int(p20.x * width)
int((1 - p20.y) * height)
int(p21.x * width)
int((1 - p21.y) * height)
int(p22.x * width)
int((1 - p22.y) * height)
int(p23.x * width)
int((1 - p23.y) * height)
int(p24.x * width)
int((1 - p24.y) * height)
int(p25.x * width)
int((1 - p25.y) * height)
int(p26.x * width)
int((1 - p26.y) * height)
int(p27.x * width)
int((1 - p27.y) * height)
int(p28.x * width)
int((1 - p28.y) * height)
int(p29.x * width)
int((1 - p29.y) * height)
int(p30.x * width)
int((1 - p3@.y) * height)
int(p31.x * width)
int((1 - p31.y) * height)
int(p32.x * width)
int((1 - p32.y) * height)
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175

176 if count ==

177 X_C = p30_Xx

178 y_Cc = p30_y

179 count = 1

180

181 result = [

182 po_x - x c, po_y, po9.z, pl x - x c, ply, pl.z,

183 p2_x - x ¢, p2_y, p2.z, p3_ X - X C, p3y, p3.z,

184 p4_x - x c, p4y, p4.z, p5x - x ¢, p5y, p5.z,

185 p6_x - x_c, p6_y, p6.z, p7_xX - X _C, p7_y, p7.z,

186 p8 x - x c, p8.y, p8.z, p9_x - x c, p9.y, p9.z,

187 ple x - x c, ploe_y, plo.z, pll x - x_c, pll y, pll.z,
188 pl2 x - x_c, pl2_y, pl2.z, pl3 x - x_c, pl3_y, pl3.z,
189 pl4 x - x c, pl4d y, plda.z, pl5 x - x_c, pl5_y, pl5.z,
190 pl6_x- x_c, plé_y, plée.z, pl7 x - x c, pl7_y, pl7.z,
191 pl18 x - x_c, pl8 .y, pl8.z, p19 x - x_c, pl9 y, pl9.z,
192 p20_x - x_c, p20_y, p20.z, p21 x - x_c, p21_ y, p2l.z,
193 p22_x - x_c, p22_y, p22.z, p23_ X - X_C, p23_y, p23.z,
194 p24 x - x_c, p24_y, p24.z, p25 x - x_c, p25_y, p25.z,
195 p26_x - x_c, p26_y, p26.z, p27_X - X_Cc, p27_y, p27.z,
196 p28 x - x_c, p28_y, p28.z, p29 x - x_C, p29_y, p29.z,
197 p30_x - x _c, p30_y, p30.z, p31 x- x_c, p31l_y, p3l.z,
198 p32_x - x_c, p32_y, p32.z, angle]

199

200 strings = ', '.join(map(str, result))

201

202 client.sendto(strings.encode( 'utf-8"), (HOST,PORT))

203

204 with open('live.csv', 'a', encoding='utf~8', newline="") as
205 fout:

206 writer = csv.writer(fout)

207

208 writer.writerow([

209 po_x - x_c, po.y, po.z,

210 pl x - x ¢, ply, pl.z,
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Main.cs
# C# unity Z{E4

using System.Collections;

using System.Collections.Generic;

1

2

3

4

5 using UnityEngine;
6 using System.Net;

7 using System.Net.Sockets;
8 using System.Text;

9

using System.Threading;

10

11 public class tcp : MonoBehaviour

12 {

13 static UdpClient udp;

14 IPEndPoint remoteEP = null;

15

16 GameObject[] children;

17

18 void Start ()

19 {

20 int LOCA_LPORT = 50007;

21 udp = new UdpClient(LOCA LPORT);

22 udp.Client.ReceiveTimeout = 2000;

23

24 children = new GameObject[this.transform.childCount];
25 for (int i = @; i < this.transform.childCount; i++)
26 {

27 children[i] = this.transform.GetChild(i).gameObject;
28 }

29 print(this.transform.childCount);
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