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T, EvFr—0BEIRELARD, BEREFELE I & o T 2 RERFEHTY O Hifk
bRELCARSL, ZOMNBEOMEIFRE L Z-/IMEZE 2, D DEBRIEZNO [ OIS
RS OHED 4 7D 1 L ETH B EE, VY —AFRA YV MEHDZDITR— LD
WREB %, HEORIMEDTE X, ARFE% R S LBl U THEET 2B
WS REERBEI & WP 2 R O Fe/ M2 AD HCHIBT L, @Y 2% 35E L 7z
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¥ 3.6: BEERDLRFTEIH D AL

R — VRIS BB O IR R D S R OIED 3 57D 1 #— U L T 51E)
WLT 2, ZOHETERREREZ RO GG, RIGOADENHSTOBRHEITLE D TR —
MERZ L TLEIGAD /) A RS Ko TRE QNG Z2 & A R % 285
BN TETL £ 9 70, BEHEFICHNT 2 A0S OEIG D R/IME & BEREE O 1R
DE/MEZREL, ZNUNDRHIIZ R —VIRRZE I bk,

COIEHEDOH RS R— V2 ADOETZ T 5. TGO 7L — 27 —)Lilif§) 5
ORI D ELY, —MELT 5. TfEAL L 2R S w2 8 2 2w,
LRSI N, F— 2B L7 LT 5, 2720, RETELDNITE D
BB SN HERE RV E B L 2w, B9 Fok)nr—LEelst
DREEMED AN S BB THIE T 28541, 20777 Y FOMOREMEZBE: L
TRETHIEDTES, V) —RZHHLA7 L —L20HIBRZK3.11 12577,

3.5 IR—ILF vy FiRH

BB DEREHIETIZ, R—ILF vy FOT7 L —L4HID206 R—VEERIZX vy F ¥ —
WKENS R ELTRARSES2TLE)., 22T, A=+ 74D A 756 FK—)
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aineinge, . - =

(1l 7L —24H b2 7Lv—24H ()3 7L —24H
X 3.7: #ifE 3 7 L — Al

35 oD G LA

@ 7L—L1E7L—=520bB)7L—L2L7L—L3 C)2KDAE
D 7257 R D 7257
IX] 3.8: 7257 & PR iR

=
b

XYy FIRROFEZMAT LI LT, F— LIy FOoM2EILS. WETF vy Fvr—
DELTEI% )72, F—LF Yy FOFRELIRNTES, V)—AKX[f v+ %
Bt L 22 6 R— v % vy F 2§ 2 £ TOREZ R — L OBEIRE & T 2.

R—NOBERH G, & EvFr—tX vy Fr—OROHER I, 225, F—1L0DV
R v ERDOFITERD» RO L Z LN TES,

lep — 1
v:4£?——x36%nvﬂ (3.3)
b

BRI, ZZETOREHETEDET LD E LT, UWHOHNZX3.12 IR T,
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¥ 3.9: I4HE, MR O —fEHHER

(a) WG Z L DI Z I (b) £ CORHIEZWET 52H (¢) 7 L — ol EHFZD

N

37 5. Wi ko 2, o
3.10: BEBRFEBRAETL I
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(b) BERHIE D/ (c) F— LD _flfk
LD R —)Viig (e

(a) AP
B 3.11: Y U — 2R O iR

BERRBHDOYIDH L

) 4

RERFEI D

¥

YU —2RA > Mg

¥

R—=ILF+ v Fiat

BORETHE, 17

3.12: BREHIE Dt
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%l

F4E HEBUAEFEDAV—LTA2AD
=

o

ARIETIE, 3FETHRZLFEL S AT LICFEET 2 HEICOWTHHT S, V—2a—
FO—#2flio73HbE 4928, V—2a— R 3fite LTt 2. 3iHD
7201, BRAHIZ, V—Aa—FELEREBLLA4HICEBELTVELD08H 5,

41 HERTIYvRTA—L

TV = avobAF T o v b7 4 —5I2iE Apple #1:# MacBook (Retina, 12-inch,
Early 2015, 1.2GHz, RAM 8GB) % H\>7z,
FHALEZY 77 2713E41DEBDTH S,

K41 pAFICHER LY 7 b0 =27

V7 brox7 N=Yar [

Xcode 8.2 https://developer.apple.com/jp/xcode//
OpenCV 3.1.0 http://opencv.org/downloads.html
CocoaPods http://cocoapods.org

Xcode[15] 1% Apple #EDMRE T 2 274 %, FA4 75 Y, av 47, TNvA, ¥ 32
L — ¥ RE SN BHFERE TH 5. macOS, i0S, watchOS %5 D7 7V rr—v av%
¥ TE 2.

Xcode 123 Apple M H DHGRILIE S £ 77 ) 3@ 5. Lo L, AWK TIE Apple 7
477 O 2 WA A 776 DEHGA T, W - UEEE D 7 4 2 7L A ~ Dl
NEFEL, a7 Lk 3HERENTIE OpenCV[16] D7 L —27—27 % L 7. OpenCV
1% macOS DIAHIZ Windows ° Linux @ ETHIA L fibi, FiEd H D, Android Ak~
DFELELAHETH 5.
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i0S 7 77V r —> a3 v ORIFE L swift TH D, —7T OpenCV DEFEFREIE C++
Tl I N T3 720, FAKSHEVLERL S, 2D F F Tl iPhone DA X 7 THIS L 7
Mk % OpenCV TENT T2 Z LMW TEXL\, L L, CocoaPods[17] Z T 5 Z &
T, Objective-C DMEH S OpenCV D C++ 74 77V 2 HHIIHFOHE 2 L9 1ck 5,
CocoaPods Z i L 72 i0S 7 7'V 77 —3 2 ¥ ~®D OpenCV DE A J5 i 13 kI THN
¥ 5.

2017 4E 2 HEIE, swift DCRD*S OpenCV @ a— FZ2EEMONHT I L3 TE R
W, L2 L, Objective-C D a2 — FTHIUL swift > SFFOH T Z 23 TE %, Objective-C
T OpenCV 2T 7 5 ZAZ{EHK L, swift D2 — FIBMT 2 LT, swift 256 b
OpenCV Z FIHIW[HE & 72 5.

Xcode, OpenCV, CocoaPods 3\ FNb 7Y —%Y 7 727 ThH), A VF—%v
Frodrua—FL, A VAr—=, BT T5ILBTE S,

—f%1Z, iPhone 7 7"V r —3 a v DF¥E X

1. macOS LD Xcode T7 07 7 LFAFZE I I\,
2. ZDEE%E Xcode DTNy #, ¥ 3 a2 L —¥ TR,
3. R L7719 29 L% iPhone NIELT %

EWV) FIHICAR S, ARUED U L7dd),

42 REDY—Tv b

AWFFETlE, iPhonebs ¥ —7 v b LT, AT LDHEELEB I o7z,

2017 4E 1 HOMASH 7 = 7L v PIC X 2 [18] TR A —F 74 Vi B
7% iPhone D> = 7HED 60% ZHZATWAHEWHFERND 2, K SCTHEAL 72,
iPhone6s(2015 4F 9 H¥52) D/N—F 7 =27 ARy 7 %K 421287, CPUZ B v 7%,
HDOF—=FIRRNETHY, A9—b 74 VDAY VOHREEZE %> Tl 3 HMEE
[19] i X 2 HEEfE (*TER) ZEIHLTW3

gD 7- 8, iPhone7, Android ¥k XperiaZ3 DN —F 7 27 ARy 7 H R L T 5,

iPhone6s IZ B W TAFIE L FET 2 Z L) TE UL, iPhone7 % Android B&ffi7Z: &, il
DAY—1F 7 4 VICBWTHRAFELFEETE 2 REELE O,
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7% 4.2: iPhone6s, iPhone7, Xperia Z3 Compact A Xy 7 UlE (+ 13 HEE i)

’ Ui A A4 iPhone6s ‘ iPhone7 ‘ Xperia Z3 ‘

CPU 7 nu v 7 | 1.84 GHz* 2.34GHz* 2.5GHz

AEY 2GB* 2GB* 3GB

B 2160p/30fps, 2160p/30fps, 2160p/30fps,
1080p/120fps, 1080p/120fps, 1080p/60fps,
720p/240fps 720p/240fps 720p/120fps

43 INEEEYIC X 5 ERBIERKEE

ARFHETIEIAR— L 7 4 VRSN T 2 INEE & > 5 Ofiz 1 LR NE
2B IR, swift THEEL V32K 72912, CoreMotion 7 L — L7 — 7 ZffiH§
%, MEEX Y2 HMT 5I121E, XD K IHITA v A¥ v 2D CMMotionManager %
AL, EONEZEBT 5. EOHEBTEINIE devicemotionUpdatelnterval IZFEET 5.

myMotionManager = CMMotionManager ()
myMotionManager.deviceMotionUpdateInterval = 0.1

myMotionManager.startDeviceMotionUpdates ()

iPhone DE#ADA A4 7 —fH (v —)Lf, EvFfA, Ia—MA)1F, ROLHIICLTHEOH
TIENTES,

roll = motionData.attitude.roll
pitch = motionData.attitude.pitch

yaw = motionData.attitude.yaw

CITHR L2 v Y OMEICIZ 7L 23D 2720, 1 FIRTOMEENE % pastRoll, past-
Pitch, pastYaw IZTRFEL CTEE, /A AREDZDIZ0— 3R 7 4 )V & %5 F 724H cur-
rentRoll, currentPitch, currentYaw % I T 5.

currentRoll = pastRoll % 0.9 + motionData.attitude.roll = 0.1
currentPitch = pastPitch % 0.9 + motionData.attitude.pitch = 0.1

currentYaw = pastYaw * 0.9 + motionData.attitude.yaw % 0.1
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4.4 HRWLIBODRELE

MEFDANDFIC K 2% %5 ToIc, BWERLIICL2 YY) —2R AL v Ol
EBIR, VY =APBI SN 2 L2 ERBOGIXIE T 5. iPhone6s 13, #4.21(2
INL 7 X T EREZ R0 B3, BeBkiZ 0.1 UIICEHIRG R DSFRTE 5 2 L 2 AW%ED Y
TV LDOHEL L, 20 HERBNICHGOIEZ2E %) Z LB TEL 74—y
FELT, 7L —AHROMRIE% 1920 x 1080 [pixel], A7 L —2& L — k% 60fps I
BOE L 7z,

AR 706 QMR OIFEIZIE, AVFoundation 7 L — AV — 2 2 5. A X7
SHFL 77 L —LOWBICH L TG 2L %) evlil, 7LV—LDX %7
F v —7 =% ZLRF; L T\ % CMSampleBuffer %, swift CHI{RUI % & Z 7 2 % Ullmage
RUNCEMAT 20803 H %, Z D721 CMSampleBuffer % Ullmage 412 22113 2% %L
imageFromSampleBuffer Z{E&K L, ML TFD X 9 ICHTT 5,

let uiimage = self.imageFromSampleBuffer (sampleBuffer)

ZHUT K> T, Ullmage D7 L — LAHRZE{GFTZ 5. XIZZ DHifR% OpenCV I
T D725, OpenCV TOEFILIEIZ cvi:Mat BIDOM{RIZH L TR Z B T 729 72 d, LA
T &9 IT Ullmage B D% cv::Mat T 21T 5,

cv::Mat matImage

UIImageToMat (uiimage, matImage) ;

ZHUT X T, OpenCV IZHifR % I L THGUE 2 3 2 7 ) 720 DYEf[H5E 1 L 7z,

441 JVYU—RR1Y M MEH

ZIn5lE, VY —ARA Y P ORIUEOIELZ O WTHPIL Tw L TR,
BERBERAISOY) D L 28 27 9. imageFromSmpleBuffer |2 & > T#3# 5 4172 Ullmage
MW %2 €y F v — & DRI X > TRIESNARE S ITYI DS, Y1) HLS FEER,
K& Z 1% cropRect IZH&HNT 5.

let uiimage = self.imageFromSampleBuffer (sampleBuffer)

let cropImage: UIImage = clipImage (uiimage, rect: cropRect)
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RIHERFE O 2B 2% 9. 22513 OpenCV (TR % I L TS 279,
UllmageToMat (2 & > C cvi:Mat BUCEHAT 5, MBRIRHIO RGO 72 12, 7 L — Al
SR B ) IS 7 L — AR E L — A7 — VTR L TEL.

UIImageToMat (cropImage, matImage) ;
cv::Mat grayMatl;
cv::cvtColor (matImage, grayMatl, cv::COLOR_BGR2GRAY) ;

7 L— AR IBIGES N6 7 L —AEESUBEEZET S, 7L—A01¢E 70—
52, 7L—L2%E 7L —=—L3TENFNTL—LBESUMZE 2\, HFo/k2
KOS MEROmMEEZ & ), AMEGRZ diffMat &35,

cv::absdiff (grayMatl, grayMat2, subl2);
cv::absdiff (grayMat2, grayMat3, sub23);
cv::bitwise_and(subl2, sub23, diffMat);

diffMat Z “fH{t.L, Vb3 3. 2 2 TIRIGEWIEZ 1 MBI k->T/ 4 A2BREL,
ZOBIENMZ 10[EB %) ZEIcko TR LIy F2BHT 2, ZUuck->T
RD 7R v ZFI By EHBERBE S5 D,

cv::adaptiveThreshold (diffMat, diffMat, 255
cv::ADAPTIVE_THRESH_GAUSSIAN_C, cv::THRESH_BINARY_INV, 9, 2);

cv::erode (diffMat, diffMat, cv::Mat (), cv::Point(-1,-1), 1);

cv::dilate(diffMat, diffMat, cv::Mat (), cv::Point(-1,-1), 10);

BERS Ly b AR S N TAEEHRICN LT, I OERER DTS & SMERTTE % B
895, ZITEIRVVIZETTE, IRV U7 2EI%9) 2 L AKRIEARDIZEICIE
BItRZa 038, SRV v 72 E J ) BICIHRE LAV 2 IS § 2 2 3 TE 50T
ZNEHNAT 2. 5o A% ST 28 rect2 2 4BRHEBE T 5.

cv::Mat LabellImg;
cv::Mat stats;

cv::Mat centroids;//E D (x,y) (CV_64FCl)

int nLab = cv::connectedComponentsWithStats(src, LabellImg, stats,
centroids) ;
cv::Mat labelImage(src.size(), CV_32S);

cv::connectedComponents (src, labelImage, 8);

cv::Mat dst(src.size (), CV_8UC3);

CvRect rectl;
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CvRect rect2;
for (int i = 1; i < nLab; ++1i) {
int xparam = stats.ptr<int>(i);

arealabeling += param[cv::ConnectedComponentsTypes::CC_STAT_AREA];

int x = param[cv::ConnectedComponentsTypes: :CC_STAT_LEFT];

int y param[cv: :ConnectedComponentsTypes: :CC_STAT_TOP];
int height = param[cv::ConnectedComponentsTypes::CC_STAT_HEIGHT];

int width = param[cv::ConnectedComponentsTypes: :CC_STAT_WIDTH];

rectl = cvRect (x, y, width, height);

if(i == 1){
rect2 = rectl;
telse(
rect2 = cvMaxRect (&rectl, &rect2);

RICKE—=NVOREZ B ), F—)VORRBEFNNIE 5o, KRFEMOMHELE
E U 72/ MERL T B OB D RS EERTIR DD 4 77D 1 LLEDRFD AR —
VO ZE k), BEREROEEORMEIZIEE DS €y F v — £ TOHMIZ X -
THRAZDE ) ITHKEL T,

243 R VR Z E 2 ) BERTSIRR O )Ml
PR (m] RSO R/ME [pixel]

20-25 8000
15-20 12000
150°F 22000

R— Lok, “fEEE)»SHDOE 7L DEF D % cvi:findContours BIEIZ X - T
B2 2 LIk TBI%G ). F—WEREEOHR S AR — L 2RILT 572012,
BEEEAEIC X 2 fEfbz B 27 ). CZOROBIEIZ, BEEMEDORKZ 255, /e 0 & L7
Rf, 150 OFHEEME% RET 5. MEEMEDY 150 22 % © 7 VI % 255(38), 150
LTOE 7 VIR % O(F) ICREL, Mk 5. WD7 77 FO X REEET
WEEEBRIGHE, TRER—VOMEMOAEINE L, R—LZ2RET 2 2 LK
HThot, 22T, R ATLTIE, BEDOFHEERELE LT, ¥y T LARPLZD
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GOMEMEZRG L, BiEE T2 EEE L2, ¥y 7L EEZIEL, 2O
EE2 5 20 x 20[pixel] DR E I O ZMY L, ZOHOmAKDOHEMEZBIEE T 5.

45 HR=ILF vy FEFDRH

F=lF¥ vy FORICIE TV EWIR=ILE Iy FBEODEEDRT S, 2D
% iPhone DA 7 THHFL, A=V F vy FOAMET 2. swift THZRAIT 5720
IZ, AudioToolBox 7 L —A7 =27 Z T 2. A 7 6DEHEDL ~NI)LIE-0.10 Z K
LT AADETERRIN, mAEZ IS T % mPeakPower &, FEHEZHS 9 % mAver-
agePower O 2 FHOHSEHEDNH 5. AW TIEFX vy FOBRBEOEZ BT 27201
mPeakPower DHZ M L7z, A=V F vy F 2~ 7 TS 2FHERICE T, F vy
F & ?D mPeakPower DfEHIZ AT -4.0 X D KREWETH 572728, mPeakPower DEAS -4.0
ZEZ B2 X=X vy FORRB EHWL, VY —ZDBERD S X vy F £ TR
2835, U ETHEIED TN TONMZIEETE /.,

var levelMeter = AudioQueuelevelMeterState ()

var currentPowerLevel = levelMeter.mAveragePower

4.6 HREDOHATGE

R AT LTI, AR— P75V DT AT LA NOHIIDATIER L, HFICK S
bEIRI., T THEEN R — T 7 4 > OBz # I L TR DR Z &
) BENRL %D, EH DA BT IZIE AVSpeechSynthesizer % 9 %, Fid4 LT
27 %A ELT, String B L 7Bk % AVSpeechUtterance Tt v F L, speakUtterance
TwtA LT 2E IR,

let speedText : String = String(format:"%.0f ¥ A", speed)
let synthesizer = AVSpeechSynthesizer ()
let utterance = AVSpeechUtterance(string: speedText)

synthesizer.speakUtterance (utterance)
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4.7 FPTVr—arveERURKEINEFIR

iPhone6s IZFEE L 727 7°) 7 — 3 a v O FEATHIE 2 X 4.1 13§, HEEED 7D
Ry vEZANCHEL TS, k2 oHIC, BlAD S ¥ vy 5 v — £ TOREREZ IS
9% 1.Set Catcher Position A% >, BN 6 ¥y F ¥ —F TOREEZ ST 5 2.Set
Pitcher Position R % >, WS L 7z~ VYVt v 9% Reset % v ZilE L 7.

Wi D 45 LIS IS HIEE — F D ON/OFF 2 A v F ZE L 72, WHEE— F2%on 12725
TV 5[], BRGEMIE OB %2 21T L) 5.

B D/ I A — v EEROEINE LRI % GroundColor A A v 7 % & L
7z. GroundColor A A v F23ON (72> T\ BRI Y v F L 7 PERED R D 20 x 20[pixel]
DFEIHD Fe K D BEFEAE %2 BfEICEXE T 5. GroundColor A A v 23 OFF DIRjE T 7 4 )L

~ DEE 150 AABEES NS,

[ ZE 1213 distanceCP 7 )L & distanceLabel Z i L 7. distanceCP 7 ~)LIT 1,
X v F v —F CTOIREEEZHIE L T WIRFIZ I “Set Catcher Position!”, ¥ vy F ¥ — %
TOHEE% HE L 7% 1% “Set Pitcher Position!”, Y v F v — % TOMHEZ HIE L 721X
¥ryFr—056EyFv—F TOHH distanceCP 23%R 41 5. distanceLabel (2 131
I 2> S WA O HRIZE > T 2 M T TORBES TR I NS,

AL 77 7V —y a v zeflio THEIEZ B 2724 ) FIHIZ, UMD X)Ick s,

. XYy F v —DRICOEHSED T 7)) r — a Y EfTHEEO R RICK S L HICA
< — b+ 7 x v %ZM#lF, 1.Set Catcher Position R¥ %% v 7L, #BIHIME»S F vy
Fr—FTOHEEZIET 5.

2. EvF X —DRICOEM ST 7V 7 — a VEFHERORIICES X H I A< —
b7 x> ZfHF, 2.Set Pitcher Position R % %2 % v 7L, #Hl&E2»OEy F v —
¥ COMEEZHIET 5.

3. EvFr—FTOEZHE L RO E FDRET, HIEE—FDAAL vF% ON
29 %,

HMEE—FZONICLTWARIZFEIZVY) —ARS v FOBEEBEB I b, BHZ
N7 2 EDEREIIERBOAXICZ > Tw 3D T, HlERIC7 7Yy —2 a v Oz
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X 4.1: 77V 7 —3 a v OFELTiHiHE

BIRI) Lk, 20D, A=t 74 Y EFICR> TERET2HEIZRL, =
MTA>—F 75 Z2EETE I E2MEL TS,

HIFACEREMNEZ B Z B IBRICIEE Yy Fr—0 6Ny ¥ —F TOHfE X ¥ ¥ —T
HEL, EvFr—=,enNy¥—v——NICIE 2l lESE»BE L CERE S
v, BHFIZE Y F v —OBRIREEICE O THERG R & » % 3 B F 2 Bk
ICB 2R ERDH - T,

ZRUTR LT, K AT LT, HEOWMEEZ A —F 7 3 v 2E T TE IR
) EMTE, WEEMO 7 OICBIIE BB T 2 2 L1372\, BEROBHIG X R
ko THBIICHIET 2720, HIEE—F% ONICT 3 UADBELZIIEFICE %
IBMEB I, WEDODIEFIZE L TH, HWEFOEMFICEAL TS, KA T 408
FfEEZRECIMEIEEZEIZHGLTH S,
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BSE REREER

ARETIE, BELET7 TV r—ravz LT, FHBEOEY Y F vy —DRBRITH L T
BB IR0 BREDOHIEFERIC O WTHHT %,

5.1 EERERIESRER

PREFEOBEIE DR EICIE, MR v 2 L CE L 222 5 5. 2
DIz, HEEOMEFEBREZE 2w, EDL 5 VOMERENE LD ZHET 5.
TS X >~ 2 I L 72 BEEEHIEZ 1 A — L5 20 A — P ILETOHEETE 2 7%\,
AP v —Tllo 7 HEEOBEEE L i L 72, HIEIR, S 1.65 X — FILOfLEIC L v A8
k% X 9 IC=HIZ iPhone ZEIE L TE I o7z, HEEHIEIIROFERZ L 5.1 1R T,
HAEDYIE 04 m, EEOEMERZIZ0.09 &, X5 O2FD/NIWHIERREEZEG2
EMTE, 20m BNOIEEEHIEICE TIE, BERKI10% UATHEZE IR 2 &
DTETCV S, BREUE, BEIEEEEC T 2 720, BEEEIEICE % 10 % AN O
1, BREOFRIZELTH 10% MNDREICR S EHEZ NS,

5.2 BREBIEEER

REFEEFELLAEC—FIV7 7V r—2 a v OREMNEDKEZMEET 5 72O
2, Fy 79 —HRXDAE =AU X 2EHIE & DHRFERRZE ko7,
FRIZZEVDOHD 7 77V FITT, ¥y F v —DBRIOMETAY— 7 4 ¥ Z[EHE
L, EvF v =20 L TP 30 BROR—VoBRENEZ, BIFLZT7 7V r— 3
YNk TE I ok, FARICFY 77— ADAE— K7 Bushnell At — F A% —
V[20] Zflio 72 BREDME 2 B 25\, R 2T %, Bushnel AE—F 25—V D
ARy 7 %FS2ITRT,
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7% 5.1 BREENE B o 5 B
EEORERY £ TOWME (m] MR > &2 HA LM m] 2055 m] 2UEK (%)

1.00 0.94 -0.06 6.0
2.00 1.97 -0.03 1.5
3.00 2.96 -0.04 1.3
4.00 4.02 +0.02 0.5
5.00 5.05 +0.05 1.0
6.00 6.10 +0.10 1.7
7.00 7.11 +0.11 1.6
8.00 8.13 +0.13 1.6
9.00 9.26 +0.26 2.8
10.00 10.26 +0.26 2.6
11.00 11.32 +0.32 29
12.00 12.86 +0.86 7.2
13.00 13.92 +0.92 7.1
14.00 14.56 +0.56 4.0
15.00 15.52 +0.52 35
16.00 16.40 +0.40 2.5
17.00 17.70 +0.70 4.1
18.00 18.90 +0.90 5.0
19.00 19.78 +0.78 4.1
20.00 21.50 +1.50 7.5

53 BEREER

Ry 79 —HRDAE—FHTIE, X7 2L T2, Bz H LT, ®
EOMEEE I\, RY V2L T3 R-ICHIE S NHEDO R TORKDOME, 74
bOLYIREZH T 2D, L7 7V r—varpdiids013Ey Fv—
DFEPSR—NADBHNTOLER— VDT vy Fr—DI vy MMIJEL FTOVFIHETH
%, 20k, BoNZREMIIIFAFT 7V r—> a v OHNEL %55, KH S O
RITICENUT, FrvFr— 3y MR- DFET ZERTOBETH 5 KHE I, R—
W)Y — RERDEETH 2 PRI, —MRIIZ 8 km/h 225 12 km/h TRESE 72
%, 2078, PR L PR 2 L 72354, 4 km/h 95 6 km/h FREEEEEE D
TivSECEBHEIC R 5 L PRI NS,

FFE L7770 75— a VICK BHERRE Fy 77—/ DA E—F AVt k5l
TERGRO il %2 £ 5.3 10T,
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#5.2: Bushnell AE—FA¥—V DARy 7

R — L O E W REH R 16 — 177km
RS ¥ IEHEIE D56 + K3 1 km
HIERGEE X DD 3858 + R 2km DL B
HA R & 109 X B4T 152 X & & 213mm
HE 539 g

LRI RIICBE L i, A X 726 DlifffId K 60fps THHRLTED, 7L —AT
DEREINEMILIZRD 7 L — L F TORFENICIRA S Z EBTETL S, KIERE LTI,
F=DX vy F EIZIFFERFICREDOH NN TETED, KX THED—DE L TH
FTw, VU 7Ly A4 LEICBIL TBER T E 7.

HIERSTICBI L g, P L P REDE B, S, 2ENICEEE T 7Y r—ya v
DHMWEY 77 —=HRDAE = A VIR TEVEREBE N, Ry 77 —HRAD
AE=FA VL BZMMEICENTD £1km/h BREOHERAEDH D, FHEEIEDORRICD
WENH DI ELEET L L, SHOEBRTIBEOHEHF L L TBBLZHYLT
ADREREBDL LD TEL.

I 30 BROWEIC B WT, AF7 7V r—a Ik 2HETIX 100, AE—=FA
YTIF 4 MERIREERMS S e o, Ry 79— DA E— PV Tld, BRED
BkiR b 2 Z TR WEEIGHIRE R E /R 2 S ENTER VY, BRT TV r—v a
YT, F= X ey FOEFEWNIK A IDPEZRATE o560, VY —A R
AV FOBIPIELS BIRZTORVEAIC, BTES, FL3HETE25RE% M)
LTLEW, IELVEHIFRIMES Z L3 T&E Loz, VY —AKRA v M OBHDIE
LABIRZTLRVDE, XDOXILEHAETH S,

o JAZL LTk o THEREBRNICEVWTY y F vy —DANOYSICEH Z23H 254
o KEEDNDY0 HIZk> TR LUACHYEDBBEI N 5E
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A %MEESTHIEZERELTWVED, HEREEIH LI TaEFIT /AR
DL 788, /A R e GUHEMEBRE LMW S, F— Lotz E k).
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EDTE, WIEE—FDAL v F% ONICT B2 T, HREoME, HRoMhEcs
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) 7D DEERE D FEEE L 72,

AT, FIEREL D QHEOAEEICES2ECCHAE 2B I o, VU
TLNYA LR EHL, BSNREGRLEICEZ )Y —2AREEZBIR>T058, 5
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53K LET 7TV r—avE Ry 79 —HARDAE— A v OHlERSRED g (—
TREREEBEH SN0, )

B L7 7Y 77— AE=—FR¥—=VIick % [km/h] MEH (%)
Ta Ik BIERR ZWERE (km/h]

[km/h]

93 102 9 8.8
101 99 +2 2.0
97 104 -7 6.7
— 101 — _
100 101 -1 1.0
88 89 -1 1.1
— 73 — _
77 80 -3 3.8
— 74 — _
— 80 — _
— 83 — _
78 — — _
_ 94 _ _
85 — — _
81 — — _
84 84 0 0.0
— 94 _ _
78 — — _
— 101 — _
96 102 -6 5.9
84 84 0 0.0
75 82 -7 8.5
85 85 0 0.0
85 79 +6 7.6
71 79 -8 10.1
— 80 — _
— 81 — _
85 86 -1 1.2
81 86 -5 5.8
81 85 -4 47
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e Yosuke Yamaguchi, Motoki Miura: Real-time Analysis of Baseball Pitching using Image
Processing on Smartphone, Proceedings of 20th International Conference on Knowledge-
Based and Intelligent Information & Engineering Systems (KES2016), Vol. 96, York,
UK, pp. 1059-1066, September 2016.
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T #8&A OpenCVDAL VA=l

OpenCV DA ¥ A F—)Li%, OS X D/ 3y r — MY 2 7 . Homebrew[?] % Fl
L7.

— 3 %3H EF, Homebrew D> FE#ANLTA Y A= T %, OpenCV
DIEREMRT 27-0121%, ¥F—IFNVZ2[E, XROavry FEEITT 5,

[TB brew info opencv ]

INTRIDN—Ya T4y Ak%E, OpenCV T 215 E RS 2 ENTE
%, OpenCV Z A ¥ A F—)LT BHijIZ, OpenCV BSNEETE574 757V %A VA b—
VT HRERH L, RDavy FEHETT S,

[$ sudo port install plgconfig zlib ]

DAY EMET LS, OpenCV DA YA +—=1L%EI74%), OpenCV DA ¥ A
F—Licld, Roawv FEEFT 3,

[35 brew install opencv }

Z41C mac T OpenCV % HH 9 % #Efi§i o3¢ & 72,
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CocoaPods % {#iv>, iPhone D7 7"V 77— a Y [FEIZ OpenCV ZE AT 5 I12IFRD K
IBRFIETE IR,

1. Xcode TiOS 70 =7 k&K
2. Xcode Z—Hi& T
3. pod init Z %47 L, Podfile &> ZHID 7 7 A L% ERL
4. Podfile I pod *OpenCV’ % itil
5. @74 L2 Y Tpodinstall Z 31T
6. Xcode T .xcworkspace D 7 7 A )b % i <
7. Linked Frameworks and Libraries @ Pods_projectname.frameworks % Hl &
8. Linked Frameworks and Libraries {Z /Pods/OpenCV/opencv2.framework % i/l
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10. SEHI L 7 Objective-C 7 7 2 DYEIET-% m 75 .mm ICZEH
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C.1 ViewController.swift

//

// ViewController. swift

//  iPhoneSG6

// Written in swift 2

//  Created by Yamaguchi Yosuke on 2017/01/19.

// Copyright “"c2""a9 2017 Yamaguchi Yosuke. All rights reserved.

//

import
import
import
import

import

UIKit
AVFoundation
AssetsLibrary
CoreMotion
AudioToolbox

private func AudioQueuelnputCallback(

inUserData: UnsafeMutablePointer<Void>, inAQ: AudioQueueRef,
inBuffer: AudioQueueBufferRef, inStartTime:
UnsafePointer <AudioTimeStamp >, inNumberPacketDescriptions
Ulnt32, InPacketDescs: UnsafePointer<
AudioStreamPacketDescription >){}

class ViewController: UIViewController ,
AVCaptureVideoDataOutputSampleBufferDelegate {

private var selectLayer:CALayer!

private var touchLastPoint:CGPoint!

var queue: AudioQueueRef!

var Timer: NSTimer!
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24
25
26
27
28
29
30
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

var

var

var

var

var

var

var

var

var

detector:

mySession :

myCamera:

myVideolnput:

myVideoOutput:

detectFlag:

isReleased:

isRecording:

isFinished:

OpenCVWrapper !

AVCaptureSession !
AVCaptureDevice!

AVCaptureDevicelnput!

AVCaptureVideoDataOutput!

Bool = false
Bool = false

Bool = false

Bool = false

//var fileOutput: AVCaptureMovieFileOutput!

var myMotionManager: CMMotionManager !
var HEIGHT = 1.65// height of camera lenz
pastPitch : Double = 0.0
pastRoll : Double
pastYaw : Double
distC : Double
distP : Double
distCP : Double

var
var
var
var
var

var

var
var
var
var
var
let
let
var
var
var
var
var
var
var
var
var

var

Catcher

pitchC : Double

cropXRate:
cropYRate:
cropWRate:
cropHRate :
orgWidth:

orgHeight:
cropX:
cropY:
cropW :
cropH:

Double
Double
Double
Double

tapLocation:

startTime :

currentTime :

= 0.0

= 0.0

0.0

0.0

18.44//distance between Pitcher &

0.0

Double = 7/16.0
Double = 1/4.0
Double = 2/16.0
Double = 1/4.0
Double = 1920.0
Double = 1080.0

0.0
0.0
0.0
0.0

CGPoint = CGPoint ()
groundX: CGFloat = 1920 / 2.0
groundY : CGFloat = 1080 / 2.0 + 100
gotGroundColor:

Bool = false

NSDate!// = NSDate()

NSDate!
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61
62
63
64
65
66
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

var finishTime :

var takasa:

let desiredFPS

// var
// var

track_x : CGFloat
track_y : CGFloat

NSDate!// = NSDate()

Float = 1.0

= 60.0

var processTime: NSDate!

var pastProcessTime: NSDate!

//var filePath:

@IBOutlet
@IBOutlet
@IBOutlet
@IBOutlet
@IBOutlet
@IBOutlet

// @IBOutlet
level

// @[BOutlet

@IBAction

weak
weak
weak
weak
weak

weak

weak

weak

func intensitySwitch (sender: UISwitch) {

String!

0.0
0.0

var distanceCPLabel: UlLabel!

var distanceLabel

: UlLabel!

var detectModelLabel: UlLabel!

var mylmageView :

UllmageView !

var speedLabel: UlLabel!

var groundColorView: UllmageView !

var peak: UlTextField!//textfield of sound

var average: UlTextField!

if (sender.on ) {

detector.setlnte

} else {

detector.setlnte

nsity (true)

nsity (false)

@IBAction func detectSwitch(sender: UISwitch) {

if ( sender.on ) {
cropX = orgWidth/2
cropY = orgHeight/2

detectFlag = tru
if (distCP < 15){
cropW =
cropH =
telse if (distCP
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98

99
100
101
102
103
104
105

106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

123
124

125
126
127
128
129
130
131

cropW = 260

cropH = 260
telse{

cropW = 210

cropH = 210
}

/xlet synthesizer = AVSpeechSynthesizer()
let utterance = AVSpeechUtterance( string: ”
T )
utterance.pitchMultiplier = takasa + 0.5
synthesizer.speakUtterance (utterance ) x/
myMotionManager . stopDeviceMotionUpdates ()
self . startUpdatingVolume ()
detectModeLabel . text = "JIEE—F:_on”
} else {
detectFlag = false
myMotionManager . startDeviceMotionUpdates ()
detectModeLabel . text = "JIEE—F:_off”

self . stopUpdatingVolume ()

@IBAction func setCatcher(sender: AnyObject) {

self . distC = self .HEIGHT x tan(self.pastRoll)

self . pitchC = self.pastPitch

self . distanceCPLabel.text = String(format:”Set.
Pitcher_Position!”)

/xlet synthesizer = AVSpeechSynthesizer()

let utterance = AVSpeechUtterance(string: 71 F @ if
HErHRELELL, RFOMBELZREL TS LI W)

utterance.pitchMultiplier = takasa

synthesizer.speakUtterance (utterance ) x/

@IBAction func setPitcher(sender: AnyObject) {

self . distP = self .HEIGHT x tan(self.pastRoll)
self . distCP = sqrt(distCxdistC + distPxdistP — 2 =«
distP x distC x cos(fabs(pitchC — self.pastPitch
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132
133
134
135
136

137
138
139

140
141
142
143
144
145
146
147
148
149

150
151

152
153
154
155
156
157
158

159
160
161

162

}

)))
print (self.distC)

print(self.pitchC)

print (pastYaw)

print (fabs (pitchC—self . pastPitch)*x180/M_PI)

distanceCPLabel . text = String(format:”distCP:_%.2f_.m
”, self . distCP)

detector .setDistance (distCP); //Iifi% v b

/xlet synthesizer = AVSpeechSynthesizer()

let utterance = AVSpeechUtterance(string: 7HHE D %
EPETLELAE, MIEE—FIZLTLKEI 0, )

utterance.pitchMultiplier = takasa

synthesizer.speakUtterance (utterance )*/

@IBAction func reset(sender: AnyObject) {

distC = 0.0
distP = 0.0
distCP = 0.0
pitchC = 0.0

self . distanceCPLabel.text = String(format:”Set.
Catcher_Position!”)

/xlet synthesizer = AVSpeechSynthesizer()

let utterance = AVSpeechUtterance(string: "V & v b
LELZ, MiTFoMBEZHBEELTLSLI V)

utterance.pitchMultiplier = takasa

synthesizer.speakUtterance (utterance ) x/

// make Ullmage from sampleBuffer

func capturelmage (sampleBuffer: CMSampleBufferRef) —> Ullmage

//  image from Sampling Buffer
let imageBuffer: CVImageBufferRef =
CMSampleBufferGetImageBuffer (sampleBuffer)!

51



163
164

165
166

167
168

169
170
171
172

173
174
175
176

177
178

179

180
181
182
183
184
185

186

// lock pixel buffer base adress
CVPixelBufferLockBaseAddress (imageBuffer,
CVPixelBufferLockFlags(rawValue: CVOptionFlags

(0)))

let baseAddress: UnsafeMutablePointer<Void> =
CVPixelBufferGetBaseAddressOfPlane (imageBuffer ,
0)

let bytesPerRow:Int = CVPixelBufferGetBytesPerRow (
imageBuffer)

let width:Int = CVPixelBufferGetWidth(imageBuffer)

let height:Int = CVPixelBufferGetHeight(imageBuffer)

let colorSpace:CGColorSpaceRef =
CGColorSpaceCreateDeviceRGB ()

I
Co

//let bitsPerCompornent:Int

/7 swift 2

let newContext: CGContextRef = CGBitmapContextCreate (
baseAddress, width, height, 8, bytesPerRow,
colorSpace, CGImageAlphalnfo.PremultipliedFirst.
rawValue | CGBitmapInfo.ByteOrder32Little .rawValue

)!

let imageRef:CGImageRef = CGBitmapContextCreateImage
(newContext)!
let resultlmage = Ullmage (CGImage: imageRef, scale:

1.0, orientation: UllmageOrientation.Right)

return resultlmage

func captureOutput(captureOutput: AVCaptureOutput!,
didOutputSampleBuffer sampleBuffer: CMSampleBuffer!,

fromConnection connection: AVCaptureConnection!) {

//print(”captureOQutput:didOutputSampleBuffer:
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fromConnection)”)
187 if connection.supportsVideoOrientation {
188 connection.videoOrientation =
AVCaptureVideoOrientation . LandscapeRight

189 }

190 dispatch_async (dispatch_get_-main_queue (), {

191 let image = self.imageFromSampleBuffer (

sampleBuffer)

192 if self.detectFlag {//is on detect mode

193 if (self.isReleased == false){

194 self . mylmageView.image =
self . detectRelease (image)

195 telse{

196 self . mylmageView.image =
image// self.trackBall(
image)

197 if (self.isFinished == true){

198 self . finishTime =
NSDate ()

199 let spentTime = self
.finishTime .
timelntervalSinceDate
(self.startTime)

200 let speed: Double =
(self.distCP — 1)
* 3.6 /
spentTime

201 let speedText
String = String(
format:”%.0f _km/h
”, speed)

202 // print(speedText)

203 let speedText2
String = String(
format:”%.0f_.% 1
7, speed)

204 self .speedLabel . text
= speedText
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205

206

207
208

209
210

211
212

213

214

215

216
217

218

219

220
221
222

}

let synthesizer =

AVSpeechSynthesizer

O

let utterance =
AVSpeechUtterance
(string:
speedText2)

if (speed >= 100){

utterance .

pitchMultiplier

= self.

takasa +

0.5
telse {

utterance .

pitchMultiplier

= self.
takasa
synthesizer .
speakUtterance (

utterance)

self .isFinished

false

self .isReleased

false
}
/x self.processTime = NSDate
()
print(self.processTime.
timelntervalSinceDate (
self.pastProcessTime ))
self.pastProcessTime = self.

processTime x/

self .mylmageView.image = image



223
224
225
226
227
228

229

230

231

232
233
234
235
236

237

238

239

240

241

242
243

self . groundColorView .image = self.

setGroundPosition (image)

3]

func imageFromSampleBuffer(sampleBuffer: CMSampleBufferRef)
—> Ullmage {

let imageBuffer: CVImageBufferRef =
CMSampleBufferGetIlmageBuffer (sampleBuffer)!

CVPixelBufferLockBaseAddress (imageBuffer,
CVPixelBufferLockFlags (rawValue: CVOptionFlags
0))) // Lock Base Address

let baseAddress = CVPixelBufferGetBaseAddressOfPlane
(imageBuffer, 0) // Get Original Image
Information

let bytesPerRow = CVPixelBufferGetBytesPerRow (
imageBuffer)

let width = CVPixelBufferGetWidth(imageBuffer)

let height = CVPixelBufferGetHeight(imageBuffer)

let colorSpace = CGColorSpaceCreateDeviceRGB () //
RGB ColorSpace

let bitmapInfo = (CGBitmaplInfo.ByteOrder32Little.
rawValue | CGImageAlphalnfo.PremultipliedFirst.
rawValue)

let context = CGBitmapContextCreate (baseAddress,
width, height, 8, bytesPerRow, colorSpace,
bitmapInfo)

let imageRef = CGBitmapContextCreatelmage (context!)

// Create Quarts image
CVPixelBufferUnlockBaseAddress (imageBuffer,
CVPixelBufferLockFlags (rawValue: CVOptionFlags

(0))) // Unlock Base Address

let resultIlmage: Ullmage = Ullmage (CGImage: imageRef
D

55



244
245
246
247
248
249
250
251
252
253
254
255

256
257
258
259

260

261
262
263
264

265
266
267
268
269
270
271
272

273

274

return resultlmage

func prepareVideo () {

//
//

let desiredFPS
let height:Int

60.0
1080

let width:Int32 = 1920

//

Full HD (iPhone6)

mySession = AVCaptureSession ()

// mySession. sessionPreset =
AVCaptureSessionPreset1920x1080

let

devices = AVCaptureDevice.devices ()

for device in devices {

if (device.position ==
AVCaptureDevicePosition.Back) {
myCamera = device as!

AVCaptureDevice

myVideolnput = try AVCaptureDevicelnput(
device: myCamera)
if (mySession.canAddInput(myVideoInput)) {
mySession.addInput(myVideolnput)
} else {

print (”cannot_add_input_to._session”

myVideoOutput = AVCaptureVideoDataOutput ()

myVideoOutput. videoSettings = [
kCVPixelBufferPixelFormatTypeKey : Int(
kCVPixelFormatType_32BGRA )]

myVideoOutput.setSampleBufferDelegate (self ,
queue: dispatch_get_main_queue ())

myVideoOutput. alwaysDiscardsLateVideoFrames
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= true
if (mySession.canAddOutput(myVideoOutput)) {
mySession.addOutput (myVideoOutput)
} else {
print (”cannot.add_output_to._session”

)

/x // preview background

let myVideoLayer =
AVCaptureVideoPreviewLayer(session:
mySession )

myVideoLayer. frame = view.bounds

myVideoLayer.videoGravity =
AVLayerVideoGravityResizeAspectFill

view. layer.insertSublayer (myVideoLayer,
atlndex :0)

*/

} catch let error as NSError {

print (”cannot._use_camera.\(error)”)

}

/%

// lock the device

// swift 2

let videoDevice = AVCaptureDevice.defaultDevice (

let

withMediaType: AVMediaTypeVideo)
videolnput = try! AVCaptureDevicelnput. init(

device: videoDevice)

captureSession.addlnput(videolnput ) x/

// print(videoDevice ?. formats )
var bestFormat: AVCaptureDeviceFormat? = nil
var bestFrameRateRange: AVFrameRateRange? = nil
// var bestPixelArea: Int32 = 0

for format in myCamera!. formats {

let dims: CMVideoDimensions =
CMVideoFormatDescriptionGetDimensions ((
format as AnyObject). formatDescription)
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}

// let pixelArea: Int32
= dims.width x dims. height
let ranges = (format as AnyObject).
videoSupportedFrameRateRanges as! [
AVFrameRateRange ];
for range in ranges {
if (range.minFrameRate <= desiredFPS
&& desiredFPS <= range.
maxFrameRate && range.
maxFrameRate <= desiredFPS + 20
&& dims.width >= width){
bestFormat = format as?
AVCaptureDeviceFormat
bestFrameRateRange = range
//

bestPixelArea = pixelArea

try myCamera!.lockForConfiguration ()

myCamera!. activeFormat = bestFormat

myCamera!. activeVideoMinFrameDuration =
bestFrameRateRange !. minFrameDuration

myCamera!. activeVideoMaxFrameDuration =

bestFrameRateRange !. minFrameDuration

catch let error as NSError {

}

print(error)

print (myCamera!. activeFormat .

videoSupportedFrameRateRanges)

print (myCamera!. activeFormat)

myCamera !. unlockForConfiguration ()
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func detectRelease (image: Ullmage) —> Ullmage {

print ("now.Detecting”)
// print(image. size)
var rect :CGRect?

let origin = CGPoint(x: cropX — cropW/2, y: cropY —

cropH) // position coordinate

let size = CGSize(width: cropW, height: cropH) //
crop size

rect = CGRect(origin: origin, size: size) // make
rect from origin andsize

//print(rect!. size)

let cropImage: Ullmage = cliplmage (image, rect: rect
)!
isReleased = detector.detect(croplmage)
if (isReleased == true){
startTime = NSDate() //remember the start
time
// track_x = origin.x
// track_y = origin.y
let synthesizer = AVSpeechSynthesizer ()
let utterance = AVSpeechUtterance(string: "I
)
utterance . pitchMultiplier = takasa

synthesizer.speakUtterance (utterance)
print(”detect!release”)

self .speedLabel . text = "——

processTime = NSDate ()

let spentTime = processTime.timelntervalSinceDate (
pastProcessTime)

print (spentTime)

pastProcessTime = processTime

return croplmage

59



359 }

360 /%

361 func trackBall(image: Ullmage) —> Ullmage {

362 print(”now Tracking”)

363 var rect :CGRect?

364 let searchPoint : CGPoint = detector.getSearchPoint ()

365 let searchArea : CGSize = detector.getSearchArea()

366 let origin = CGPoint(x: track_x + searchPoint.x, y: track_y

+ searchPoint.y)// position coordinate

367 let size = CGSize(width: searchArea.width, height:
searchArea. height) //crop size

368 rect = CGRect(origin: origin, size: size) //rect from

origin and size

369 print(origin)

370 print(rect!. size)

371 let croplmage: Ullmage = cliplmage(image, rect: rect)!

372 isFinished = detector. afterDetected (croplmage)

373 if(isFinished == true){

374 finishTime = NSDate()

375 let spentTime = finishTime.timelntervalSinceDate(startTime)
376 let speed: Double = distCP x 3.6 / spentTime

377 let speedText : String = String(format:”%.0f km/h”, speed)
378 print(speedText)

379 let speedText2 : String = String(format:”%.0f ¥ 1 ”, speed)
380 speedLabel. text = speedText

381 let synthesizer = AVSpeechSynthesizer()

382 let utterance = AVSpeechUtterance(string: speedText2)

383 if(speed >= 100){

384 utterance.pitchMultiplier = takasa + 0.5

385 telse {

386 utterance.pitchMultiplier = takasa

387 }

388 synthesizer.speakUtterance (utterance)

389

390 isFinished = false

391 isReleased = false

392 }

393 return croplmage
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394 )/

395

396 func setGroundPosition (image: Ullmage) —> Ullmage {

397 //print(” Enterd setGroundPosition”)

398 var rect :CGRect?

399 let origin = CGPoint(x: groundX, y: groundY)//
position coordinate

400 let size = CGSize(width: 20, height: 20) //crop
size

401 rect = CGRect(origin: origin, size: size)

402 let croplmage: Ullmage = clipIlmage (image, rect: rect
)!

403 detector.getGroundIntensity (croplmage)

404 return croplmage

405 }

406

407 VEES

408 crop Ullmage

409

410 — parameter image:crop source image(Ullmage)

411 — parameter rect:position coordinate and size (CGRect)

412 — returns: result image(Ullmage)

413 x/

414 func clipIlmage (image: Ullmage?, rect: CGRect?) —> Ullmage? {

415

416 guard let originallmage = image else {

417 return nil

418 }

419

420 guard let rct = rect else {

421 return image

422 }

423

424 //crop cgimage from source image, and make cgimage
cropped by setted value

425

426 let criplmageRef = CGImageCreateWithImagelnRect(

originallmage . CGImage!, rct)
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455

guard let imgrf = cripIlmageRef else {

return image

//CGlmage to Ullmage
let crippedlmage = Ullmage (CGImage: imgrf)

return crippedlmage

func motionAnimation(motionData: CMDeviceMotion?, pp: Double
, pr: Double, py: Double, error: NSError?) {
if let motion = motionData {

//low pass filter

self . pastPitch = pp * 0.9 + motion. attitude .
pitch = 0.1

self .pastRoll = pr * 0.9 + motion. attitude .
roll % 0.1

self .pastYaw = py * 0.9 + motion. attitude .
yaw *x 0.1

self . distanceLabel.text = String(format:”
dist:_.%.2f_.m”, self HEIGHT x tan(fabs(
self . pastRoll)))

// self.distanceCPLabel. text = String(format
2dist: %.2f m”, self.HEIGHT x fabs(tan(
self.pastRoll)))

if (self.distC == 0.0){

self . distanceCPLabel.text = String(

format:”Set_Catcher_Position!”)

func drawLine () —> Ullmage {
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let size = view.bounds.size

UlGraphicsBeginlmageContextWithOptions (size , false ,
1.0)

let drawPath = UlIBezierPath ()

drawPath . moveToPoint (CGPoint(x: self.view.frame.
width/2, y: 0))

drawPath . addLineToPoint (CGPoint(x: self.view.frame.
width/2, y: self.view.frame.height))

drawPath . moveToPoint (CGPoint(x: 0, y: self.view.
frame . height/2))

drawPath .addLineToPoint (CGPoint(x: self.view.frame.
width, y: self.view.frame.height/2))

drawPath.lineWidth = 2.0

drawPath.setLineDash ([4.0, 4.0], count: 2, phase:
0.0)//[ 5, %2H]

drawPath . stroke ()

let img = UlGraphicsGetlmageFromCurrentlmageContext

O
UlIGraphicsEndImageContext ()

return img!

func startUpdatingVolume (){

var dataFormat = AudioStreamBasicDescription (
mSampleRate: 44100.0, mFormatID:
kAudioFormatLinearPCM , mFormatFlags:
AudioFormatFlags (kLinearPCMFormatFlaglsBigEndian
| kLinearPCMFormatFlaglsSignedInteger |
kLinearPCMFormatFlaglsPacked), mBytesPerPacket:
2, mFramesPerPacket: 1, mBytesPerFrame: 2,
mChannelsPerFrame: 1, mBitsPerChannel: 16,

mReserved: 0)

var audioQueue: AudioQueueRef = nil
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var error = noErr

error = AudioQueueNewlInput(&dataFormat ,
AudioQueuelnputCallback as
AudioQueuelnputCallback , UnsafeMutablePointer (
Unmanaged. passUnretained (self ). toOpaque()), .None
, .None, 0, &audioQuecue)

if error == noErr {

self .queue = audioQueue

}

AudioQueueStart(self.queue, nil)

//enable level meter

var enabledLevelMeter: Ulnt32 = 1

AudioQueueSetProperty (self.queue,
kAudioQueueProperty_EnableLevelMetering , &
enabledLevelMeter , Ulnt32(sizeof (UInt32)))//
Ulnt32 (MemoryLayout<UlInt32 >.size ))

self . Timer = NSTimer.scheduledTimerWithTimelInterval
(1/60.0, target: self, selector: #selector(
ViewController.detectVolume(_:)), userInfo: nil,
repeats: true)

self . Timer. fire ()

func stopUpdatingVolume () {

self . Timer.invalidate ()
self . Timer = nil
AudioQueueFlush(self.queue)
AudioQueueStop (self.queue, false)

AudioQueueDispose (self .queue, true)

@objc func detectVolume (timer: NSTimer) —> (Float){

//get level

var levelMeter = AudioQueuelLevelMeterState ()

var propertySize = Ulnt32(sizeof (
AudioQueuelLevelMeterState ))
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AudioQueueGetProperty (self . queue,
kAudioQueueProperty_CurrentLevelMeterDB , &
levelMeter , &propertySize)

// self.peak.text = ”7.stringByAppendingFormat(”%.2f

”»

, levelMeter.mPeakPower)

IR}

//self.average. text = .stringByAppendingFormat
("%.2f”, levelMeter.mAveragePower)
if (isReleased==true){
if levelMeter.mPeakPower >= —4.0 {

isFinished = true

}

return levelMeter . mPeakPower

override func viewDidLoad () {
super . viewDidLoad ()
//make MotionManager
myMotionManager = CMMotionManager ()
// set update freqency
myMotionManager.deviceMotionUpdateInterval = 0.1

// start getting acceleration

let handler:CMDeviceMotionHandler = {
(motionData: CMDeviceMotion?, error: NSError
?7) —> Void in
self . motionAnimation (motionData, pp: self.
pastPitch , pr:self.pastRoll, py: self.

pastYaw, error: error)

myMotionManager . startDeviceMotionUpdatesToQueue (

NSOperationQueue . mainQueue (), withHandler:

handler)
let drawlmage = drawLine ()
let drawView = UllmageView (image: drawlmage)

view .addSubview (drawView )
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pastProcessTime = NSDate ()

detector = OpenCVWrapper ()
prepareVideo ()

mySession. startRunning ()

// release memory

override func viewDidDisappear(animated: Bool) {

// camera stop and release memory

mySession.stopRunning ()

for output in mySession.outputs {
mySession.removeOutput(output as?
AVCaptureOutput)

for input in mySession.inputs {

mySession.removelnput(input as?

AVCapturelnput)
}
mySession = nil
myCamera = nil

override func didReceiveMemoryWarning () {

super . didReceiveMemoryWarning ()
print (”did _Receive _Memory.Warning”)

override func touchesBegan(touches: Set<UITouch>, withEvent
event: UIEvent?) {

// get touch ivent

let touch = touches. first

// get the position coordinate of touch
tapLocation = touch!.locationInView (self.view)

groundX = tapLocation.x % 1920 / 667 — tapLocation.x
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* 1920 / 667 % 1
570 groundY = tapLocation.y *x 1080 / 350 — tapLocation.y
* 1080 / 350 % 1

571
572 print (tapLocation)
573 }
574
575}
C.2 AppDelegate.swift
1 //
2 // AppDelegate. swift
3 // iPhoneSG6
4 //
S5 // Created by Yamaguchi Yosuke on 2017/01/19.
6 // Copyright ""c2""a9 2017 Yamaguchi Yosuke. All rights reserved.
7 //
8
9 import UIKit
10
11 @UIApplicationMain
12 class AppDelegate: UIResponder, UlIApplicationDelegate {
13
14 var window: UIWindow?
15
16
17 func application(_. application: UIApplication,
didFinishLaunchingWithOptions launchOptions: [
UlApplicationLaunchOptionsKey: Any]?) —> Bool {
18 // Override point for customization after
application launch.
19 return true
20 }
21
22 func applicationWillResignActive (. application:
UIApplication) {
23 // Sent when the application is about to move from
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25
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29

30
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32

33

34
35
36

37

38

active to inactive state. This can occur for
certain types of temporary interruptions (such as
an incoming phone call or SMS message) or when
the user quits the application and it begins the

transition to the background state.

// Use this method to pause ongoing tasks, disable

timers , and invalidate graphics rendering
callbacks. Games should use this method to pause

the game.

func applicationDidEnterBackground (. application:
UIApplication) {

// Use this method to release shared resources, save

user data, invalidate timers, and store enough
application state information to restore your
application to its current state in case it 1is

terminated later.

// If your application supports background execution

, this method is called instead of

applicationWillTerminate: when the user quits.

func applicationWillEnterForeground (. application:
UIApplication) {
// Called as part of the transition from the

background to the active state; here you can undo
many of the changes made on entering the

background .

func applicationDidBecomeActive(_. application: UlApplication

// Restart any tasks that were paused (or not yet

started) while the application was inactive. If
the application was previously in the background,

optionally refresh the user interface.

68



39
40

41

42
43
44
45

[ IR B Y R L N N

|\ T NG N NG T N S N T N S S e S T g Y
N A LW D = © O 0 3 O Lt A LW N — © VO

func applicationWillTerminate (- application: UlIApplication)
{
// Called when the application is about to terminate
Save data if appropriate. See also
applicationDidEnterBackground :.
}
}

C.3 OpenCVWrapper.h

//

// OpenCVWrapper. h

//  RealtimeHumandetect

//

//  Created by Yamaguchi Yosuke on 2017/01/19.

// Copyright "“"c2""a9 2017 Yamaguchi Yosuke. All rights
//

//#ifdef __cplusplus

//#import <opencv2/imgcodecs/ios.h>
#import <Foundation/Foundation.h>
//#import <opencv2/opencv.hpp>
//#endif

#import <UIKit/UIKit.h>

@interface OpenCVWrapper : NSObject

// funciton to get opencv version
//+(NSString = ) openCVVersionString;
—(CGPoint) getSearchPoint;

—(CGSize) getSearchArea;

—(void) setIntensity: (bool) setintensity ;
—(void)setDistance : (double) distCP;

— (bool) detect: (Ullmage #) image;

—(void) getGroundIntensity: (Ullmage #)image;
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— (bool) afterDetected: (Ullmage %) image;
@end

C.4 OpenCVWrapper.mm

//

// OpenCVWrapper.m

//  iPhoneSG

//

//  Created by Yamaguchi Yosuke on 2017/01/19.

// Copyright "“"c2""a9 2017 Yamaguchi Yosuke. All rights
//

#import ”OpenCVWrapper.h”

#import <opencv2/opencv.hpp>
#import <opencv2/imgcodecs/ios .h>
#import <iostream>

//#import <opencv2/highgui/ios.h>

using namespace std;

@implementation OpenCVWrapper
static double ball_roi_rate = 1/3.0;

int frame_cnt = 0;

int release_frame_number = O0;
bool isReleased = false;

bool isUselntensity = false;
//bool isFinished = false;
int search_x = 0;

int search_.y = 0;

int past_x 0;

1l
(e

int past_y
int search_height = 10;
int search_width = 10;
double distanceCP = 18.44;
double FPS = 0.0;

int intensity = 150;
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70

int lose_cnt = 0;
int minArea = 8000;

valiables

framel , frame2, frame3;
gframel , gframe2, gframe3;
sub12, sub23, diff;

dst_frame , showlmg;

ball_template , frameBall, groundFrame, gframeBall;

—(void) setIntensity: (bool) setintensity {

isUselntensity = setintensity;

—(void)setDistance : (double) distCP{

//image
cv :: Mat
cv :: Mat
cv :: Mat
cv :: Mat
cv :: Mat
}

}

—(void)

frame_cnt = 0;
distanceCP = distCP;
if (distCP < 15){

minArea = 22000;
telse if (distCP < 20){

minArea = 12000;
telse{

minArea = 8000;
}

getGroundIntensity : (Ullmage *)image{
intensity = 150;

UllmageToMat (image , groundFrame );
cv::Mat gray;

cv::cvtColor (groundFrame , gray, cv::COLORBGR2GRAY);

for(int y = 0 ; y < gray.rows; y++){
for(int x = 0 ; x < gray.cols; x++){

if (gray.data[y % gray.cols + x] > intensity

)

intensity = gray.data[y * gray.cols
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— (bool) detect:

//

}

//std ::cout << "intencity:

+ x];

”»

<< intensity << std::endl;

/% groundFrame . forEach<uchar >([](unsigned char &x) —> void {

1)/

if(x > intensity) intensity = Xx;

(Ullmage *) image({

std :: cout << "fent:”’<<frame_cnt<<std ::endl;

frame_cnt++;
if (frame_cnt == 1){

isFinished = false;

//Ullmage to cv::Mat

UllmageToMat (image , framel );

//gray scale

cv::Mat gray;

cv::cvtColor(framel , gframel, cv::COLORBGR2GRAY);

telse if(frame_cnt == 2){

telse{

UllmageToMat (image , frame2);
cv::cvtColor(frame2, gframe2, cv::COLORBGR2GRAY);

UllmageToMat (image , frame3);
cv::cvtColor (frame3, gframe3, cv::COLORBGR2GRAY);

cv::absdiff (gframel , gframe2, subl2);

//sub23 = gframe2 — gframe3;

cv::absdiff(gframe2, gframe3, sub23);

cv::bitwise_and (subl2, sub23, diff);

cv::Mat andFrame = diff.clone ();

cv::threshold (diff , diff, 5, 255, cv::THRESHBINARY
);// binarize

//cv::adaptiveThreshold (diff, diff, 255, cv::
ADAPTIVE_THRESH_GAUSSIAN_C, cv::THRESH_BINARY_INV
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.9, 2);

cv::erode(diff , diff, cv::Mat(), cv::Point(—1,—1),
1);

cv::Mat erdimg = diff.clone();

cv::dilate (diff , diff, cv::Mat(), cv::Point(—1,—1),
10);

cv::Mat src = diff.clone();

cv::Mat Labellmg;//label image (CV_-32SCI or CV_16UCI
)

cv::Mat stats;//bounding box and area

cv::Mat centroids;//(x,y) (CV_64FCI)

int nLab = cv::connectedComponentsWithStats (src,

Labellmg, stats , centroids);

cv::Mat bin = src.clone ();
//cv::threshold(src, bin, 0, 255, cv::THRESH_BINARY
| ¢v::THRESH OTSU);

// make label image (% CV_32S or CV_16U)
cv::Mat labellmage (src.size (), CV_.325);

cv::connectedComponents (bin, labellmage, 8);

// draw result
cv::Mat dst(src.size (), CV_8UC3);

CvRect rectl;
CvRect rect?2;
int ball_x = 0;
int ball_.y = 0;
int ball_width = 0;
int ball_height = O0;
int arealLabeling = 0;
//set ROI
for (int i = 1; i < nLab; ++i) {
int xparam = stats.ptr<int>(i);

arealLabeling += param[cv::
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ConnectedComponentsTypes : : CC.STAT_AREA];

int x =

param[cv :: ConnectedComponentsTypes ::

CC_STAT_LEFT ];

int y =

param[cv :: ConnectedComponentsTypes ::

CC_STAT_TOP;

int heig

ht = param[cv::

ConnectedComponentsTypes : : CC.STAT_HEIGHT

1;

int width = param[cv::
ConnectedComponentsTypes :: CC.STAT_WIDTH ] ;

rectl =

if(i ==

telse{

}
ball_x =

ball_.y =
ball_wid

cvRect(x, y, width, height);

D{
rect2 = rectl;
/% if (nLab == 2){
cv::rectangle(dst, rect2, cv
::Scalar(0, 255, 0), 2);
cv::rectangle (showlmg, rect2
, cv::Scalar(0, 255, 0),
2);
}x/for debug

rect2 = cvMaxRect(&rectl , &rect2);
/xif (i == nLab—1){
cv::rectangle(dst, rect2, cv
::8calar (0, 255, 0), 2);
cv::rectangle (showlmg, rect2
, cv::Scalar(0, 255, 0),
2);
}x/for debug

rect2 .x;
rect2.y;
th = rect2.width;

ball_height = rect2.height;
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164 int area = ball_height % ball_width;

165 //std ::cout<<’area: "<<area<<std::endl;

166 if (ball_width == || ball_height == 0){

167 ball_height = 10;

168 ball_width = 10;

169 telse if (ball_width > ball_height){

170 gframel = gframe2.clone ();

171 gframe2 = gframe3.clone ();

172 return false;

173 telse if(area >= minArea && (arealLabeling >= area /
{

174 //white detect from pitching area

175 if( 0 <= ball_.x && 0 <= ball_widthx

ball_roi_rate && ball_x + ball_widthx
ball_roi_rate <= gframe2.cols && 0 <=
ball.y && 0 <= ball_widthxball_roi_rate
&& ball_.y + ball_widthxball_roi_rate <=

gframe2 .rows) {

176 gframel = gframe2.clone ();

177 gframe2 = gframe3.clone ();

178 return false;

179 }

180 cv::Mat work_img2 (gframe2, cv::Rect(ball_x ,

ball_y , ball_widthxball_roi_rate ,
ball_widthsxball_roi_rate ));

181

182 int th = 150;

183 if (isUselntensity == true){

184 th = intensity ;

185 telse{

186 th = 150;

187 }

188 std ::cout<<”intensity "<<th<<std :: endl;

189

190 cv::threshold (work_img2, work_img2, th + 1,
255, cv::THRESH BINARY);

191 cv::erode(work_.img2, work_.img2, cv::Mat(),

cv::Point(—-1,-1), 1);
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192
193
194
195
196
197
198
199
200
201
202
203
204

205
206

207

208

209

210

211

212

213

214

/%

x/

srendl;

cv::dilate (work.img2, work_.img2, cv::Mat(),
cv::Point(—1,—-1), 3);

cv::Mat forfind = work_img2.clone ();

std :: vector<std :: vector<cv:: Point>>contours;

cv::Mat contourImage(forfind.size (), CV_8U,
cv::Scalar (255));

cv::findContours (forfind , contours,
CV_RETR_EXTERNAL, CV_CHAIN_APPROX NONE);

std :: cout << “the._number_of_contours:."<<

contours .size()<<std ::endl;

//cv::Mat contoursMat = contours;
for(int i = 0; i < contours.size(); i++){
size_t count = contours[i].size ();

if (count<l10 |

count > 70) continue;

”»

std ::cout << 7count:” << count<< std

cv::Point2d point;

cv::Moments mom = cv::moments|(
contours[i]);

point.x = mom.ml0/mom.m00 + ball_x;

point.y = mom.m0Il/mom.m00 + ball_y;

//cv::circle (showlmg, point, 10,
CV_AA);

cv::Rect brect = cv::boundingRect(
contours[i]);

// cv::
rectangle (work_img2, brect.x,
brect.y, cv::Scalar (255, 255,
255), 2, CVAA);

//ball_template = cv::Mat (gframe?2,
cv::Rect(ball_x+brect.x, ball_y+
brect.y, brect.height, brect.

width));

//std ::cout << "detected !” << std::
endl;

isReleased = true;
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215

216

217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

/% search_x = ball_x + brect.x — brect.
width *2;
search_y = ball_y + brect.y — brect.
height x2;
search_width = brect.width * 5;
search_height = brect. height x 5;
past_x = ball_x + brect.x;
past_.y = ball_y + brect.y;
*/ return true;
}
}
gframel = gframe2.clone ();
gframe2 = gframe3 .clone ();
}
return isReleased;
}

—(CGPoint) getSearchPoint{
CGPoint p;
p.x = search_x;
p-y
return p;

//= cv::Point2d(search_x

search_y;

—(CGSize) getSearchArea{

CGSize s; //= cv::Point2d(search_x,
s.width = search_width;

s.height = search_height;

return s;

— (bool) afterDetected: (Ullmage =) image{
UllmageToMat (image , frameBall);
cv::Mat gray;

cv::cvtColor (frameBall ,

gframeBall ,

, search_y);

search_y );

cv :: COLOR.BGR2GRAY ) ;

//int ball_x = search_x;//search area x
//int ball_y = search_y;//search area Yy
// int ball_width = search_width;
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251
252
253
254

255
256
257

258

259

260
261
262

263

264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282

//

int ball_height = search_height;

int x_diff;

int y_diff;

//cv::Mat roiball2 (frameBall, cv::Rect(ball_x, ball_y,
ball_width , ball_height));// x,y,w,h

//cv::Mat work_img2 = roiball2.clone();

cv::Mat work_img2 = gframeBall.clone ();

cv::threshold (work_.img2, work_img2, intensity + 1, 255, cv::

THRESH_BINARY ) ;

cv::erode(work_.img2, work_img2, cv::Mat(), cv::Point(—1,—-1),

1);

cv::dilate (work_.img2, work_img2, cv::Mat(), cv::Point
(=1,=1), 3);

cv::Mat forfind = work_img2.clone ();

std :: vector<std :: vector<cv :: Point>>contours ;

cv::Mat contourlmage (forfind.size (), CV.8U, cv:: Scalar
(255));

cv::findContours (forfind , contours, CV_RETR_EXTERNAL,
CV_CHAIN_APPROX_NONE ) ;

if (contours.size () == 0){
if (lose_cnt == 0){
lose_cnt++;

return false;

telse{
isReleased = false;
lose_cnt = 0;
frame_cnt = 0;
return true;
}
¥
for(int i = 0; i < contours.size (); i++){
size_t count = contours[i].size ();
if (count<10 || count > 70) continue;

29

std :: cout << "count:” << count<< std ::endl;
cv::Point2d point;

cv::Moments mom = cv::moments(contours[i]);
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283 point.x = mom.ml0/mom.m00;// + search_x;

284 point.y = mom.mO0l/mom.m00;// + search_y;

285 //cv::circle (showlmg, point, 10, CVAA);

286 cv::Rect brect = cv::boundingRect(contours[i]);

287 x_diff = search_x + brect.x — past_x;

288 y_diff = search_y + brect.y — past_y;

289 past_x = search_x + brect.Xx;

290 past.y = search_y + brect.y;

291 // std ::cout << "detected !” << std::endl;

292

293 search_x = search_x + brect.x — brect.width*2 +
x_diff;

294 search_y = search_x + brect.y — brect.heightx2 +
y-diff;

295 search_width = brect.width * 5;

296 search_height = brect.height x 5;

297 }

298

299 //std ::cout<<’"width’<<frameBall.rows<<”height’<<frameBall.

cols<<std ::endl;

300 std :: cout<<”’nowFrame : "<<frame_cnt<< std :: endl;

301

302 return false;

303 }

304

305

306 @end
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