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Abstract of Master’s Thesis of Academic Year 2020

Creating an Interface Using Shadows for Flexible Living

Space Control
Category: Science / Engineering

Summary

Today, in addition to switches and relays, various other interfaces such as voice
recognition and touch interfaces are becoming common in our daily lives. How-
ever, other than switches and relays, there are few interfaces that can ”specify
the target” and "operate the target” at the same time. The process for a person
to achieve the goal becomes more complicated and time-consuming. Therefore,
in this study, we propose an interface that can ”specify the object” and "ma-
nipulate the object” at the same time, even if the objects are far apart. In this
research, we proposed and developed an interface that allows users to ”specify”
and "manipulate” targets at the same time, even if the objects are far away from
each other, using "shadows,” a natural phenomenon that is familiar to us in our
daily lives. Then, we conducted comparison experiments between the developed
shadow interface and existing interfaces to show the usefulness and potential of

this interface.

Keywords:

interface, interaction, shadow, space
Keio University Graduate School of Media Design

Toshitaka Shimizu
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2.7 SixSence: a wearable gestural interface [3]

"LuminAR” [4]1&, ORy 7 =LA onz7ny s ZR—=ho, B
PHUZ AR 2 L. TR I N RE A VX 72— AL LR TH S (X
28), ZOEEIZ, VIAF v -—ORIPERIRLEOFHUBITA S, 7z, K
YE DR EHAIND Z LR TDH 5,

Google I%. ”Project Soli” [5] £\ 5 L —X—FAfizaH L7z, E—YaryF¥
TFY—VATLERMFELEZ (K29). T SVKETTOHE 2R S
TR, HEIZ, ST 72D Pixeld IR I N T WD, ZOVAT



2. B 2.1. BN DEBRETEZI-YF IR Tz —2R

2.8 LuminAR [4]

LlE. B B -EEEEADT R EOYREIPIBEL I TRV F—2RHE L,
ZTDEBDITFRINF—RIE, FREBEEZEHNT, Yo AF vy —DHEEIT-
TW5,

2.9 Google : Project Soli”

"Body Cyberization by Spatial Augmented Reality for Reaching Unreachable
World” [6] 1&, Z 7Ly MIEWEF%2, Ta0Vz 7 X—%2HNTHYL, £D

7 https://atap.google.com/soli/


https://atap.google.com/soli/

2. B 21. N OEEBETEZA—TF 1 X Tz —R

B INFCOREFELHET LI ENTELZI VX T72—ATHS (K2.10),
B SN TFOH R EOAE P 12— OHREERD M LE2BREEL TWW5

Physical hand

Projected hand & arm Touch panel

2.10 Body Cyberization by Spatial Augmented Reality for Reaching Unreach-
able World [6]

?E-textile Microinteractions” [7] (£, DY = X F v — DR, K& <&
o THD, A YRV EQEMRI, HHOEENREHAAATHET—T V%
AWTY 2 AF v —2@#id 5 (X2.11), MN7hRUL-720 T 5 & EOHER

i

BOZEMMTERI N T NS 22w 2D, BEZITD,

Twist Flick Slide Pinch Grab Pat

cw/cew cw/ccw

N A

Discrete Motion J§ Discrete Motion Discrete Grasps

2.11 E-textile Microinteractions [7]

LRSI b AY RO —TROY 2 2F ¢ — & Rl BHI% [ 2 U A Ay
REIDY = ZAF ¥ =Bk T N1 A&, BBREDOY —< I A TR ERDE—

10



2. B 21. N OEEBETEZA—TF 1 X Tz —R

v 3 \/‘e—\"\"709:’\”“"6?‘/‘\1191’\”“72:1@;&3_5@% [9] [10] -—:L":j}l/;\f“y }‘ v —
JEHWT, Yz AF vy —filoE ez LI LD LT LMA (11 b 5,

2.12 Smart Glove [§]

21.3 9T - a—H - 449471 —2R

RUITN A=Y AR Tz—ALIE, MIT DAT 1T 7 ROLHBEIZN
RE LUz, ANEOfEZ W2 YN sz B L 22— VX 72— A TH

%, ZHUE. AT VRNV, WHEBREOEHZERUIERWES 1 V& TV 3
VEHBLTWS, —WOAT T AREZBLUT, AL2DEEEZ LBV S, Iz EH
Z 5 & D 7zt & LFEESEER O S — L L AfT E kA3 EE 7 ClearBoard [12]
YRR T 4 3 (phicon) ZHWZ#EIZ LD, BT+ ATV A THAEZAT
5 Z & WKL metaDESK” [13], HEMFDMMIZH=d, HEEPA-TWVD
DDEDIRA Y RT T Y a VA ATRER musicBottles” [14], E RT3 78y 7RO
WENHO LS ITUD, 2070y Z2BANICE, Hicbzb, YrZEHTH
HIZIEEREZ, MeA VR T 7 a VSRR InFORCE” [15]| %23 5, £h
ZN%X2.13, 2.14, 21512717,

11



2. B 2.1. BN DEBRETEZI-YF IR Tz —2R

2.13 Tangible: ClearBoard [12]
2.14 Tangible: musicBottles [14]

2.15 Tangible: InFORCE [15]

12



2. B 22. WEHWSEIA—Y A U2 T —A

214 RAVFAVT -4V TT—2R

HEHRETFFA VA2 T7o—A 70y o2 h T, "Lighty” [16] &\ 5 BEI D
20 %, WENMEZ - B ZLIZL VBT EV AT L&KL,
A=Wk, XTVL vy b ETRA VT 4 V7R, BB 1 & ME 2 e T
%y, WHAOHED HHZ2BEIMON—22 LT, BIARIFHEINS, Z0
oeiE, ENOIRHDOBAEA L L 12, MEROAAS v FRT =z —X Tl #
TEDEEL <720 BAEZEMITE S R WREZ R T 2720DHDTH 5, FERIT,
BGEOI—YFA R T7 =R R UZBIZIE, KD 2 —REELPT L,
BTHD I EDEMENRRINTNS,

Camera
— L = o]

S f S J
Actuated lights

dp

Tablet for painting

2.16 Lighty [16]

2.2. ERAWI—YAM V971 —2R

Weliold—HPA V27— ADREZFBEDOMHAN OB INT WS [17]
(18], ’Silhouette Interactions’ [17) Tl&k. FOE Mo/ Y R FT7¥ a v h, &
PROKER T OBAEITX U TEAMED D S Z L AVRI DTN S,

INSDIETIH, BROY 2 AF ¥ —%2F8HT 572012, Kinect PARX T %
v, Yz AF v —OFRFHET o TS, FEALDHAEIZE VT, Kinect ¥ 7

13



2. B 22. EAWELI—HYAL VR Tz—A

AFE, HEZEBTHEEINTVWED, -V 2 AF v — 2T 2720
D Kinect 2% L., Y AF ¥y —2ili#L W5, /2, @rflio/za—¥A
VRITT—=ADRMAIE, TUVZ IR AT EMGSTIFONEZ DL, 1
VRITIVaVEDBWI YR =T A AN 18] XDV RTI Y a v ELT
OHJ%@WF%)EIJEH 19 ELTHWwWS N, BRIND I ENREZWV., ULrd, 2KHK
WEDOKREIVEXTIMEANH D, HEEGETEBICHEHT S ICI3HLDH
o ZEMHEEREIZE (SAR) BED/-OD 70y /7 X —IZ X MM E2F AL
o5 [19] Tk, QAL IV 2 =R VAT LBOY v IV ia—H A v &
7z —AZHD S 5HEEMEERL TV 20, ZHUT kD, KEIELR TN 2%
BEL I, R OT7 TV 5=y a UAMERARER Z EAVRIBI NG,

B 2.17 EMF O LD 2T 72 a s (18]

HRHEKRZO =tmifs =ik, IREOE 2 {Hio-mRoREL 57— 7IL0EE
SR DOZERIEE S AT L 21 B0, KB EHS 22k, a33a2a=7—
Va v DENBPEBINSERIRINT WS, £z, wmigthiozlc, 85

14



2. B 22. WEHWSEIA—Y A U2 T —A

Camera Projector Projector Image
(Virtual Light)
Camera Image | VAR f
Y 7/ |
| ", Y J ;

PC

X 218 WEMELZA VX T2 T 1 TEMGZEMOAIH [19]

Diga PBEHD AL ) — T U, MRS D2 & WGET 558 [22] [23] A
T T\, ZOMELSIE, EfiozaIa=r—Ya VPRI T50nY
IMDEBREFTHONTED, THDIAIa=r—rarvhBRirdd I ehRmg
NTWnas,

HEDFOHEM>T, [MP2HfETsa—HP (27 z—AL LU TIE K
WAV —=VEHW, AV RA—=I1ZL>TGUIZERRL, TOIAVTFUY%E
BAES 5% [24) b5 (M2.19) Z DRIGED SIE. AW 72 B (kM % #E
RU7-E k., ELEEHAVWSEZ L TESDGFEA VXT3 7Y a VIPA[EETH S
XLV EHDEYPEHE IZHERICMN T WA 7ZHI1Z, GUI DEEDPLEED
B OBRMZ T 2 DR R WFERIRI Nz,

o, BTV X -2, AX—bF T3 VEOHERERE L. £
NEFOHTEIET 0% [25] HiTONTED, ZOWETIK, TRV o X—
BT BT TR, BREINEHRE RSN REEET 52 &R
Mz, FOMEM> 22 ICL0ERLTWDS (X2.20),

INSDIEDNSIE. NI EM > THD %2 $ 5B, ERERRIZMZ TIER
WOPEEEL TWE Z RSN,

BOETIE, PV #EM CEEMOFEM) 2HWEZ LIk, FogzRET3

15



2. BEERTSE 2.3. W & B BARAR A &

J
S
:‘».//

2.19 Shadow reaching [24]

2.20 Shadow Puppets [25]

A—HA VAT 2= ADWHRETDONT VDS 26, EHAWZI—F1 X7 x—
ADHETIE, ADBETEDLSIBRY 2 AF ¥ —%fio T, EiEHBEZEHEET S
MOFEEREWATL TITHONDE Z EDZ W,

2.3. Ik BBEPRER

Gallagher 23&M8 U 72 0EEZIBE S 2 U T, HEEMEE (sense of agency) & &
IRFTA R (sense of ownership) 235 [27], HOATMKE L IX, BHEYBIEYNI ]
SNDHEEZEZ T WS EKULEHETH Y, BEPEE L, T OHEEHDFEEN
HOZEZ2EDTHD WS RETH D, FEFTAKLIE, BTV HENH
DOEKRTHZLBULEETH, ZOFHDOENT WD HEKIZHEDHETIZ
2L, AR ZRTFE (NN Y RRMADF) 225D THB, 72, HIKAT
AREPHOCERBLERWI—F A VX T2 —ANESI »OFEEL L TflibhTw»
B 5% (28] [29] HH B,

oM. FRFAREZR > TWANE WS IFERH S [30] [31] [32], 245 DAL
. NV 7 NEZEZOGKRITAROIEEL LTHWTWS, IN=NY RS a—
VaVRL—UEUITIN=NAY LY a—VavDERETOTED, TOEIZ

16




2. B 2.3. T & B AR A

2.21 Extending the Body for Interaction with Reality [28]

Outcome **
Press footswitch Action * Report time
:::'.55'3

2.22 Agency in Mid-Air Interfaces [29]

17



2. B 24. KEDF &

X, F - FeHEBLRVFORROY - FLEHITLIEAE - FeE#LRVE
FERWTWS, ZOFER, B GRe —RUBREET S I LN, B
AR E NG T2 A TEEREZMETH LI LN, TNSHENLSRINTLY
5, INO6MS, HOROEWHKRIMAERIIR VWA —Y A X7z —RAL LT
LTWderEZoN5S,

2.4. REDXE®H

ARETH, 2—HF A1 EX 72— LT, EBOEFETHLNT VWS T —H1
VR Tz —AEMEAFEINT VWS- A AT z—X (N=TFa7) -
A—HPFA VR Tz—A, VI AF¥y—RRYFA—HY AV RTz—A, ZVIT
VW oad—H - A VR Tz—A, RAVT 4V ITA VR Tz—A) DN ZITV, Bl
ROL—HA V2T 2 —ADREPMAZ R Uz, £/, EH V2PV
27 = —ADEEIEEBN L. TS ORITHbN TV AP HRER L.,
TaV IR —=h AT, Kinect W22 —H A VX T —ARKR—KXT )
BUZRHMEL 22— YA VR T2 —ADH B I 2R LTz, IH6IT, HOFEREL
FERFBERIZOWTHRN, EAEWEERITER RS, T RELRL—F 1 v
RT7z—ARe LU TENTWEZ L ERLUT,

18



B 3E
HERAWCA VI T I —ADRE

3.1. AVt NTFHA Y

31 avke T hA A=Y

BHRIE, AX—PFAE—H—PAI— 71T VT — a3 T, BT
EEET 2 HER DD, LU, ZDOFERIZBWT, ZOHER—KRIZE TIEN
eI E K BV E U S, RS, HHEICEDANTIE, Bilihdmaic X
LEFREARDIPIEIITE 2D, HMELMBIZZRo T LGB, A1 v FP
VU —%28IEST 2 HEEZM S 5D, BRERIZT, BADOEREZNPRZ B Z LN
HRESZ N DT, 72, VI AF Y I X BB IHESROEETIE, HHRERRT D

19



3. WERWIA VAT = — ADRE 3. Ay T THA v

TFAATVAERBEIZR>TUE-50,. BEFHREE2BETSEIT RO,
TAATVAZHAETBL VWO TEVPA-STULED, SOEETIE, A4 v F®
VU —DERTHHHHE LT, BHOEKREZNHZ DI, A1y F 2 UITAT
KEFTL, TR, THMX) 25 Bbhs, MEROEFIZBENT, Z
O TFFEX] P MHEME ) X AFEoi X, RESIce->T, HELLEX
LNd,

FEEIZ, BT YA v OEERRER, BT BEL R OT YA Th
D, TNIIMZEERLTWEDN, ED XS fibG % %00 % f I BEfR
SEHOENEEDTHEIL B3] RFELN0 (FTAOHRENEICETZFERRD) &
SIS EE S L ES AWPHEETE S Z 2D BADULIZZR 5\ 20D DERFT
HD5 34 evoz@ibdhd, INno LFELD, [FRE] X MHEifix) 2HMHLE
A VRT = ANINPODEFETEETHD, ibhTn<,

LD AR T7 - A2 EHTHIIHZ0, FE ) 2HVWEZ L%
RET S, (PR P HMX ) 22384t LT, ) BELTWLHE
LT,

o NWENBILATWAIHRHARKLTH D, HoLWADRNWLRNT &
o IWIRODZEAMIFIFXYOL ATV THEI L

o WEMFEDEDHMIEN, HEIZBN TSI &

o AEIFIE, BENTWZEDIZEENEL Z &

NETFLND,

D&z, T BAXDOEFEOHIZH D, BFROAY— 7+ VPRKD A
R—=hr I ALHEDPREL, RIS VR T - AD—DL LTHYTH
LHrEZoNDB,

FZIT I 2iolzA VA7 —A2EZEZTWIZY D, HEIZZR>TW
CEREUT, EELZDODONFENEIT SN, BURTIX, R LTHS Z
EMARERDIE, A= 74 2DT7A4 MDREIZEZONDED, KRIFAT—
T A VHBETRBIZRPERVWE D TR, A= T TARAY— MU xy FN
A= 7 VORBIZHRDEEFEZT WS, TOBIZ, A — T T AKX
NERFEEHES T, A= I 2ADMETH S, HlET D052 H %21

20



. WERAWEAS VR Tz — ADERE 3.2, VAT LIRE

BBOETDOY T AF ¥ —%47D ZEDHRD LD E, /-, HERHBTS
%%%\:ﬂﬁwfim<\&ﬁém5ﬁ%m?ﬁiﬁ\;Dﬁiﬁﬁﬁwﬁﬁ
REHEL VAR Y ADHRRIZIR D D TIE RN D,

/2, ) BAX— NI T ADHN AT TR#BU, HERHHRIC LDV 2 AF v —
HE, NEOHENTE S LD IZhX, BIET S HEO—DE LT, E2HL
% Z AR B D TIXR WS S D,

3.2. YATLRE
Lﬁ@:yﬂfb#%\VZ%A®%ﬁ8bf HIRE UTAY— RIS AD
LEDIZ& 274 N2MEL., MORMEREL - WEFHIRHICTOMke 35,
@ﬁthfd\Eﬁ%ﬁ?%?~%7t/@ﬁbbtﬁok\27~Fﬁix
u%ﬁéﬂta4b@%%%mf\%@V:X%v—%ﬁ5o%bf SRR
DB, HERBL, Vi AF Y —2HUETE VAT LAPEBERINLTY
T. HHI %W?%»&%yk#ﬁﬁéﬂf“

. HERNY B5ZNEDERE

Hold Swipe(4dire) Pinch

Examples of Changing the Volume Menu select (forward, back) Determine
command types Determine Changing the Volume Switch on, off

K32 #HETEYz AF v — DM

21



3. HEHAWEA VR T o — ADEE WEHWZA VR T 2 — ADHE

Fog 2747 (EHFE)

& &

2X2
2 Yy IR

‘. HELEIE

4x4
A VPR3

X 3.3 ZE O

R RS DECEBIC R AL, MIEL WY s AF vy — 2 MEL T
5, AR T, Y AFr—2 LTI, EFEFDATA T, EVF K-
VREEE (K32) 28ET S, MEINZY 2 AF v —%2R#lid 572012, 3x
SUEDE~ MY v I ADNEEHMTEHEDEHWS, BB LTIk, A7A
f%ﬁ—wP@mﬁfif%éabi 2x 2D MY Y T ATHREN, BV
FEMET 572D121F, ESNZEHBOD TNV — T EITFN, TDIIV—THE
ﬁ%é%%%@ﬁbtihimiﬁm#b@%é ARIFFETIE, R DOREE %
EWF5720, 4x 40K~ MY v 7 AR THWEZIT S, B 3.312, ZXHH OB
B % R

. WA YT T —ADEEET
341 A% 7T — XD

A VR T —ABRMERTHIZH0, greitinl, Yz AFy—2HET SV
x%v~%ﬁt9:2%%~@%i%$%mmf\%&%@%@%ﬁi%@%ﬁ
D223, ATFIZRT,

22



. WERAWEAS VR T — ADRE 3.5. AERHAWEA VR T 2 — ADFEKE

X 3.412, BETEIAVATLORAK 70 —X%2RT,

N ST EHBTTAFr— FIAF T —0EF
B }—- N ; PERESEHET FEOERS
’ (EnigE) FHE LAk

X 34 KA VAT —ADIV AT AT H—

b
h

3.4.2 EIRDEXE
DM HER

3512, HOMLEITS DMK ERT, LLOBBETRE, XOMmEE
BT 70174 b R IV YAREHNT S, E, T4 R IYURNE
FIVWBBH & LT, SIGHEHETH Bl ik s s,

MEDIY hO—ILER

X 3.6, REMEEZEHT L7200y bu— LVEOREXZRT,

3.5. ERAWEA VY T T —ADEE

3.5.1 VAT LK

BT A VR T2 —ADYV AT LR ZX3.TIZRT, AVATLIL, YA
F oy — R P EppEBsE g gy o — L. BETAA TV 2 D3I OD
A AN A

3.5.2 [FAMR—E

KAVRT 2 —A%HFETDLOITMH U EERHDO -2 K3 1ITRT,

23



. WERAWEAS VR Tz — ADERE

35 e HWA1 V&

7z — ADELE

D2_PTS

= < - = = < - = = < = = = < = =
PTL-1, PTL-2  PTI-3, PT1-4 PTed, PTe-2 PT2-3  pTo-4  pTad, PTa-2 PT3-3  PT3-4, PT41, PT4-2 pT43  PTdad
o 5] 8] 8] 8] 5] 8] &) 8] 8] 8] &) 8] 8] 8] o o 5
Y Y A Y A Y Y e~ U U - Y i Y} N Y Y Ul Lu
S S S S S S S ™S S S S S S ] SN NS N e erE F
x| x| x x| x| x| x x| x| x x x| x| x x| x|
1 N - a
Ehs I
p1
Lo o
Lo ot
Helet
TRele;
1L
i - = -« =« - = -« =« < = < - < = < -
QO E g = =] = =1 = =] s ol o2 o =l =12 sl <|[B
,7%8020 ghls ghls ghls gHs gls ghs gls gls glls &Hs 2Hs zhs gHs gHs gHs gHg
I
FZ0) s Sant: I EIS
w7 =]
JS-&'}'}'“S'P‘N'LONG'PAD JS‘&?T—DS—F\N—LONG—PAD JS'E(—ZXT—US—P\N—LONGVPAD
o [z ez
I X33 - 23
+
= ll
3
—
C-01604_2.1MMIACK
1
gt
c 00
10k0 . 2000 %
T —+—— WPPMICIRIRES RB7 BREE5)
R RAO_L Rres |21 TCT (1771 Q
RAD_2 RES =7 g o - o
L " — J = Rraz Red <2 gl ~
12 9T = Raz RE3 vss f—m—
O Rid REB2 RAOICSPOAT
QO O RAS REL 52— RALICSPCLK
—1 =2 95t M - wss_1 RA2
O O H i RAT RrCo
1 szl ‘ T .
5 ST o A
0 o | FEm e
s = = L RC3 e
Gesture
R o
35C1815
5000
T TLLGA400
BATLED2
12 cathy LG 1) caliy
e Re_CODELED?
) =

36 Y AFvy—DHEEL Iy ba—L¥  [[EE

24

IRLED3



. WERAWEAS VR Tz — ADERE 3.5. AERHAWEA VR T 2 — ADFEKE

E FIC1GF13857 (e——p  FIC16F 13346
x16 . ON, OFF
SUTIEE D
¥ (FraFv—O—F)
- ON, OFF@ElsE
TP i ey
fery =Fg=np 25 . a— sEE=
DT AF v —FRHEp i &
HEED

3.7 VAT LKERX

#* 3.1 PS5

WRE  BE | i
7+ b hZ>v¥24% (L-31ROPTIC) | Skt A
PIC16F18857-1/SP AX4Z b Y v JADKEBRBEL, Y RF v —OHEETS
PIC16F18346-1/SP VIRAFr—HEORERN L. EEROHEEITD

25



. WERAWEAS VR T — ADRE 3.5. AERHAWEA VR T 2 — ADFEKE

3.5.3 ERDEXE

RAVRT 2 —=A1%, HOBAT GEORH) He Yz AF v —fiReMioT, #
dF s 2o hND, HORILEZM 3.8, ¥ AF v —HKilh o O
DR 2 X 3.9 1Z7R

3.5.4 HIEHY 7 MOz T7DERE
EDY T AFv—¥HE

BRIV 2 AF ¥ — 2R L Wb e 2 ME LB, HllET—4
EEBULT — X DORWAK 3.10 129, B3.10 D EEIZE, KA FaIcis s h
TWBIRIMT, FHIZIE, Yo AF vy —IZ&>TTELTFOHIZLZ2RNERT,
FHIL 727 — &1, 01023 £ TTRI N, RO 0DHELS, ERD 102312725 1%
EHE <%, K3.10 Tid, BME 100 22T 28R & U TREIN TV S,
UL L., EBO 70 s I AT, BEREICEOE CHENHATGI SN, TORE%
HoTC, EHELZT—2Z2BHL, Yo AF ¥ —DHEEIT- 7=,

M 3112 2R LUZBO~Y MY v 7 ZOREBEILDORET %2 RT,

3121V AF vy —HED 7O —%/RT,

185 DI

KAV RT 2 —ATIE, BFE&RZEIET 572012 ON, OFF % filf#In g8/ € —
ReH7T7—LED %% EEHMET 5 W RERE—RD2E—R2EEL -,
ON. OFF 2K e E— R TlX, ¥V F (90X L) Yz AF ¥ —Hz, #
WDV Iy R ZAF7—h - VL —%H#EIL, ACHZD ON, OFF Ofilffiz17 >,
717 —LED %2 #/ETH5E—RNTIX, EVF Yz AFv—KZ, ST, 8T
ZHIBIL, EFATA TV AF v —RIZIK, RITDOE—F (EREST. AL
TA—RAVEeTA4—=RT7UbM) YOIV HRETH S, £/, EHAT A 7T,
/15— LED Otz lfHingeCh b, KA VX7 —ATHHLZT0 T T L%,
ek A IR T 5,

26



3. MERAWEA YR T —ADERE 3.5. AERHAWEA VR T 2 — ADFEKE

39 VAFvy—DYEL Iy ha—ILE  EEMK

27



. WERAWEAS VR T — ADRE 3.5. AERHAWEA VR T 2 — ADFEKE

sHRlT—%  ERME

1A BHE : 100LLTFT1
0 @—1023 1:EXxHBZEWSITE

1023(1023[1023|1023

1023[1014[1023|1020

1023/1010(1023(1023

ollo] e} e

o|oo|o
o|0o|o
o|0|l0o|o

1023|1012[1013|1023

400 [1023|1023|1023

62 | 600 |1023]1020

12 | 95 |1023|1023

20 | 8o |1013|1023

Ll Ll Ll (@)
el li(=][=]
o|o|o|o
o|o|o|o

X 3.10 ¥ —F—XDONHRMN (FHE)

0]0(0(0

0|0(0]0 1]0/0|0

0/0(0]0 110/0]0

olololo 1]1(0]0
1]1(1]0

[1] #IHARE

2] EBRIZ# &2 U720
< MY w7 ZDIREE
311 EmHTaaie o~ b v 7 2ADZAL

28



.WEHWEZA VAT 2 — ADERE 35. WERWEA VAT 2 — ADERE

. - Swipe
#

No state Hold >2sec Hold

= Pinch

Analysis two group
Using Depth-First Search

X 312 Yz AFvy—¥lEnra—

3.5.5 EN{EHEER

EEIHHE L 22— A v R 72— ADEVF (0FH) YV AF v —Ho2k
B2X 3131087, O, #IHPRETIEANT L TWARWLED 28, Yz AF v —
(WD) 27072 ZEUZBIZ, flTU7z, Y2 AF ¥ —RBROMILDIEIE
FEL, FIE¥RLA Ty THho T,

B Y AFv— (B<):

RIECES; 2] Yz AFv¥— (U B)
LED g7

X313 Yz AFvy— L) Kozl

29



B4E

Wk R R

4.1. =5
4.1.1 BHH

AWETCTEFE U2 —YA VR 72— ADEMMEE2 KRS 27012, BFED1—
PAUVRT—ATHDIAN Y FLHEERme DHNZZEKT 5 F TORE DL
WREREITD,

4.1.2 BE

FERE UTIE, 3D0DBETHERDEZ OFF 2*5 ON 123 % £ TORifH] % F1H]
5, 3IDDETHERD 2 D1F, BT, 123 —Fal—x—Ld25, ERiE
3RAZ%&IMET O, TORNEIX, A1 vF, HTHERH (Alexa), FIFL Y
A VRTz—AD3IDEHNS, EEEIZ, LEa—eT7Yr— 2175, AE
BRIZ. 6 ND 24 7% ~26 ik DMeBRE (B 4%, M 24) iDL TWEE
Wz, 72, 3R AT DIEFEI, HERE R L TR UIZZ S RWERIZT 5,

RIGHERE

BEL LT, EBOEANOY E V7 2KE LTz, EBRICHER LU ZE 7%
X 4.1, 4.2, 4.31ZR7, SERBOBIZ, TNTNOEFHESRIZLIDI BT -
O, SENE, M41% [FH20WEA], M42%2 [—Falb—&%—], K43 %

30



4. MREESHEER 4.1. EER

(R —5 7)) 35, M4A44IZEBRTHES GO E S, M 4.5 128 FHEERD
RELG RS, ERRIGOFMAEEZ X 4.6 125K,

X 41 TEBA20VEH] XM42 Y—Fal—&—] K43 [ZT7—FV 7]

X 4.4 SEERESE

4.1.3 YR7

BRI R A7 DT HEE LT, TE50WRH TH—Falb—%—] X
=57 OET, RAZ %2 H#ITTHILITTH, 47123204 VR Tz —A
INTNDRATEITOHMERT, A1 Y FILLDRAT TR, FEBIHEHROD
I—RPETAIZDL, A FRRY 2a—LDHEL21TS5, HTHABRICEID XA
7 TlE, HTHRIC X 2B OBIEZIT S 72D 4.8 D Amazon Echo dot
(Alexa) & 4.9 D Amazon Smart Plug Z W7z, A VX 72— AIZLB XA
Tl KETEELLYA VEZT7 -2V, €U FEMEIZX D EIFD ON,

31



4. MREESHEER 4.1. EER

4 4.5 FFE T DREZT

4.0m
< >
AN ° EfraATI—2R
| — REUE
. @ Amazon Echo dot
................. - R,-r w ?’-
50m
30m
WEIFILHUIE
A4

X 4.6 FERGIECE X

32



4. BGEFEBR 4.1. FEBR

OFF O#fE%R{To 7, 77, WRIFAT— NI 2OREE LT, +OMNEDHE
PR EEZR IR R 500 IV — XA D~y KT 4 hTH 5 GENTOS # HW-V533H (¥
4.10) #HW =,

AL YFDRRY

[% 2] [% 3 \RE “7‘ #:.I/— H— =\’-:LI/—
ETHE Gl R i

HEH%O a z 7

[PLIY,
F5VWEEH%E
el udl

EAVERTI—RADERY

(5@ (& 50 “’;fl"_ kipivian
wemenrs W czare- B gzngs M ocozaze- M

X 4.7 FEBREAA 7D 70—

4.1.4 HER

EBUZ3 DDA VR T 2 — Ao BOFHAIEROER L, TOBDOT VI —
r DFER % DLFIZAR T,

RERIER

W ERB OISR 2 ZNFNOMERE T 12X 4.11, 4.12, 4.13, 4.14. 4.15. 4.16
IZRd, £/2. BRTDAA v F, FHidin. A VR 7 —A%2HTZED

8 https://www.amazon.co.jp/Amazon-Echo-Dot-(L I — RKvY N)-AY— M AE—H—-7
Z v 2 /dp/BO72B5BTLK

9 https://www.amazon.com/Amazon-Smart-Plug-works-Alexa/dp/BO1MZEEFNX/

33


https://www.amazon.co.jp/Amazon-Echo-Dot-(�G�R�[�h�b�g)-�X�}�[�g�X�s�[�J�[-�u���b�N/dp/B072B5BTLK
https://www.amazon.co.jp/Amazon-Echo-Dot-(�G�R�[�h�b�g)-�X�}�[�g�X�s�[�J�[-�u���b�N/dp/B072B5BTLK
https://www.amazon.com/Amazon-Smart-Plug-works-Alexa/dp/B01MZEEFNX/

4. BGEFEBR 4.1. FER

S 8
4.8 Amazon Echo Dot 4.9 Amazon Smart Plug °

410 FEBRTHWZEIE : GENTOS # HW-V533H

34



4. BGEFEBR

R A7 FERRE 2K 41712387,

Tor—MER

sk
3R
241 :
5 :
Foak

53R :

il ul ol ha{{llg
Sy R o R o v
B B BB

A fih

Pl

il & i

AR — P AY—H— (HEFEZH) Z2HERIZME> TV
AR —FAE—=HA—%2 YD LSRG THE->TWVWDH

THEMEBOFNPTIFESIN (A v FEILTH)

A VR T = ADENRTIEEIN (RAMT v FE3 LT B)
P RAT DIEDELUT, VT IR -FLZLZDXENN?
CHET, AR 7z —A%2fnz0nn

A VAT = ADE IR N

LA VR T 2= ADE I (FERETOMEHMIIRL)
DA VR T 2 — AN DBEIZE D X S G H

P ROWERPHNITBEATLZEI W

UEDHREDT v r— 217572, 77— bOEEHE, Google Form % 7=,
BIRADT v — b ORERZX 418 1R Y, GO T V7 — FDiiRE2&K 41
IR,

35



4. WREESEER 4.1. EER

EFfA0EBE sHY—Fal—%— sRT—FVF

73

522

71

HE3
HE2
HE1
XAy F3
2A T2
2A vy F1

RRy—&

0 10 20 30 40 50 60 70
BFt &2 27 1T [s]

4.11 Nol EEfiHE

EFA0VEBE sHY—Fal—%— sRT—FVF

3 1

522

71

HE3
=)=V
HA1
2A v F3
Ay F2
Ay F1

RRy—G

0 5 10 15 20 25 30 35 40 45
BFt 2 27 1T [s]

4.12 No2 EEkER

36



4. WREESEER 4.1. EER

EXZVWEBHE EY—Fail—%— mRT—F7

73 2

§22

71
E=V=K]
B2
HHE1
2A vy F3
2A Y F2 ]
2A vy F1

2R9—8

0 10 20 30 40 50 60 70 80
BFt 2 R RITHA [s]

4.13 No3 EEfhE

EfA50BE sHY—Fal—%— sRT—FV

73

22

721
HE3
HE2
HAE1
AA T3
AA T2
ZA vy F1

RRy—E

0 5 10 15 20 25 30 35 40
BEt & 27 1THE [s]

4.14 Nod EEfEHE

37



4. WREESEER 4.1. EER

EXAVWHEBHE sY—Fail—%— sXxT7T—527

229—€E

0 10 20 30 40 50 60
BEt & 29 R1THERE [s]

4.15 Nob FEEfEHE

EXAVEBE EY—Fail—%— BXT—5v7

RR—E

0 5 10 15 20 25 30 35
BFF 2 R 7 RITHERA [s]

4.16 Nob6 FERkE R

38



4. BGEFEBR

4.1. EER

A R71—ADEZHRWT

ZDEZHBEuD

FORICAD BT SEL »

. RghRohE 3

FA—Fiie s

H—Fal—&—F [ONIZ

# [SELE

Bl @

toh?] EE-TL

£

ITvR—FA Ak

EX=N

BEICRICE

TH WY 3

AT L

ITvg—FArtvh

%

LA B

Fa—Fiiys

#F® [ON/OFFic

AR |

i
Eih

NcEh2Z e HHDT,

39



4. BGEFEBR 4.2. Z5

240 BIRERTIRRHE

45.00

_ 40.00
m% 35.00
3% 30.00
£ 25.00
Fﬂ 20.00
’ 15.00
H_ .

5.00
0.00

Nol No2 No3 No4 No5 No6

—_—24vF 16.01 10.57 11.17 14.22 17.18 9.10

—_—EE 37.38 32.68 40.17 25.49 42.44 25.96

5 30.14 10.32 12.30 14.52 18.66 12.54

X 4.17 k0 HELE R YR
ER

4.2.1 EBRER

S, FNFNDA VR T2 —AIZDWT, 3ETODRAZ Z{7-o1=0, &F
FRIMERLS, AMWFEHA VR T z—AZDONVTIE, 1RIHOERKELD .,
3EHOFERD H I HEERFMP R RN R SNz, Tk, Ay F
TH576I1X, ETHBDOAL v FOGMEZHEL TV Z &Ik 2ENIHRA
THO, A VR Tz—ATH, HODEZEEO -2 LTHSENIFEL
TWbeEZONS, LPL, STl B, A5 maxXsEso7-
ELTH, AV — PAE— A —IOFHEPZLTL XS 720, E@Lm%ﬁ#

RAT ZfgORT e T, L RBEMIER oW EFEZoNE, Tz,
DR AT TIE, TV — k@#%fFH%M’%%ﬁﬁ%@ofméjtﬁ
21725 ETH, HEZEKREANDORE I,

2RO HIELERFYARER] (K 4.17) 226, 2T, SHER#3LVE, A1y F

40



4. MREESHEER 4.2, BEE

Y TERI
& ADES 6 FDEIS
3
Y
o
2 ® EIFLML
1
[
FIm
o ffokrs 27— FAE—h— & RSB TNED
6 FOEE
ox
ox .
3
2
1
0(0%) 0(0%) 0 (0%)
o
1 2 3 4 5
E{E>TLHL RE{@E>TLE
BERROMLCTEE? (RAYFEIETE) BAYVSTT-AOMPTER? (RAvFEIETE)
& fHDES & {HDEE
3 2
2
1
1
0ow) 010%) 0% 0(0%)
o o
B s 1 2 3 4 s
Fl (L FEopdl BLizdn Fobiu
IMOWDELT. BURTEH—E, THoEORENTTH? BT, BA2HIT-REOPNTIR
& ADEE & FOEE
2
[ FELT 3
@ EAEZm

O EBALITI-R

Ewk g et

418 EIRKXD7 v — MER—

I

41



4. BGEFEBR 4.2, B%%

ERAVRT 2 — AW D EEERE CORBIZH 20 WDEDNH SNz,
I, SHERBORM E, A — MAY = =D\ ma X EMRL, FITBT
FTOUHIZEL DT TDRETHY, £7-. HKiEOBIIHRBEETE R P o7
BE. NROBHERP AL ZOELEZ NS, L, AX—PFAE—T—
N oEHBRZEES7-ZRE2LTCLESI> 22 EE 0 o7,

AAVF @A VR T z—ADHIKTIE, 6 A5 ABAS v F LA VR T o —
2D HEEKFH O DENIBUNTH D, A1 v FRATDFBR2RK
SEETIERWD, A1y FREFNTHZ LIV R WEERER>T WS,

INSDRERIZED, AR T7z—RAF, BEDOAAL v F &7
BB VR T 2 — AT D S5 ReMNH 5, £7-. SENIE B £ COREE
Z3m EEEL TV, T E#NTWZEEIX 1 VX7 2 —ADFELT
ERRIEZE DL 5. A1 v FOEFEERFIIELS R EX NS0, ih
BESHENDIZ LN, A VAR Tz —ARIZEMERDE EEZ 5N D,

422 T7rr—»h

T — hOFER (K41, K4.18) olk, AA v F LA FHAEREIEEH N
W WKL SNMEARDH D, A VR T 2—RAFAAL Y F LHARTH, NP
TIU, HEVEZBUOSNTOVWARWKRE R > T WS, ZOMMIX, FHEERDH
MR ORERDZTNTNDA VX 7 2 —ADMEAE —HLTWb, Znsh
o5, THAOHMRNZZERTE S ETORME] PEWNFE, finPdns X7 c—
ATHDHMEADLDHDENVZDEDTIERVWREEFEZLND,

T, (A VR T z—ZADR WA, WS OT7 Y7 —= Tl AT L] I
BIFBEER TBRERE] 74—\ 7 | IZHHETE50ERHo7-, VAT
Ll ZBWVWTIE, Rome LT, IoEEEICET L2507, BT
FREHWSEPS, FHRETOHLIIZL>TIRHFEIARVWE WS EREL -
Tzo TR 2B BEE TR, BUWEE LT, EL DS HDDRDIER T
ES 5 Z L KD SR EBICFEIMHV 72 L S REREZK U2 WO ERLEL L,
BVHTIE, AA Y FIZIEDDEIHEBROBERZ (I 728D 7 + — NN w 7 935

42



4. BGEFEBR 43. KHEDF L

AR Tz —AZIF R, BODY 2 AF ¥ =2 KI L TWED0RHR D56 30N
EWVWSERPELL, BHAEREBOME T2 SEILTWEEEASND,

INnoho, A4 U x7—AE, WEERY 2 AF ¥ —ilidEEHTH 505,
FERD ﬁﬁ?f@%TéW@%ﬁ®$ﬁ@%ﬁaﬁé74b%&a?é@#aw
SMREELETWBEEZOND, T, [BEEE ICET2ERTIE. HOOD
FPHOTERE L Vo T2 DRFDEWERITE R 2 U T2 EANE < XL
oA VR T =AM, ORI OEWERITERE R Lz -1 X T 2 —
ThbdeEZONG, 74— NNy 7| THETAIERL LTI 1 X7 x—
AZMHUZBIZ, LEDEFORBIZ LB T+ — RN IPAI— T T AD
WIREMHLUZEGE TR, A= 7 T ADIRIMIZ L2 B8R0 7 4 — KNy 2,
THEOREVZILU7ZBIZT 7 — P EFICL IR 7 — NNy 72 WS Z
L&k, KOAL=—AIA Vv RITITavdfFRBLEEZONDS, T2, TDK
HIZEFRBICBYTRELI VWIS BEREDD, 1 VX7 —ADMAEIZ. A
DOBIERITENINT DT 4 — RNy 7%, fFEIPEMENELLKTLEZZED
EMELTVWBAZEREZON, TDT 4 — NN IV R Tz —RFHIZLEA
TWBEEZOND,

Iz H, TR VR T7 2 —ADHNDGHIZED L S RGHIN»] LW T V7 —
Fo TRDOWZil 2BWZT7 07— FTldk, A VR T =A% ANV I X —
VRA VAR L=V ay, F=LAL UTERATEZDTIERVREVWI T Y R —
TA VAV MEBROBERREA VR T o — ATUHARERY « 2AF v — D%
HEOU, ZEEICTEIERVWEWVWS ERDH - 72,

[HHE T, A VX Tz —AZ2 MWW TTh] WS 77— Tl 6 A
F3ADPEENLERTH S, EROFEREEKL T, EENRERP DR VE
HE LTI, HETHIBO VAT 4] HTORSVRKEVWEEZSND,

4.3. KEDFXEH

ARETIZ, AAETHIE L, A VX T2 —ADEXME2MIET 5725
BFEI—YA VR T —ATHEAL v F L EHER# L OEHWE ﬁif@ﬁﬁ%

43



4. BGEFEBR 43. KHEDF L

AL, R ZEITo7-, FERE L TiE 3 DDEBTHHOBERZ OFF 75 ON I
T5ETORMEZFIL 7z, EROBREE L UTld, EAEEOEMEZME L., #HER
HOHDWM N 2R TEREZIT> 72, Ehfk, 21—V A VX T2 —RZDOVTD
LEa—bBERA R D7 v 7r— 217577,

FEROFER, AA v F A VR T — AT, A EERS T &I HRER
¥ CORMPEL AP R Nz, THlE, BIEHETIC X 2 ENIC K 508
TEAOLNDM, BFERik CIOMAPHRTE Lr oz He LTiE, FU &K
TP X ERKGTHE L2 UTH, EHRMRMAI2OZERIZ X 0, PR
DHEfEREZIT>TUENY., TOEEPHEL VWD LEZOND, A0 IEE
R DI DFER P S 1%, 6 A5 NIZBEWT, A VYR Tz —RAE AL v FIT
2R ATFTRRNC AN, A VR T 2 —ADPFED A v F L7 <
AR —F A VR 72— ATHLA NN D 5,

BIRRXD7 V7 — FORERLS X, FHVIZ WA= VR 72— AFFHER
WMTHBLVWIERNEL, A VR Tz —RFAA v FLHRTE, e T
SIZHEVEVRONG o7z, T OFERIFT, BEERKR O O#5E O M

E—HLTWB, Zhoho, THAOHMZERTE % £ TORREIEN] &
WO, NPT VWA - VR T —ATHEEAND S, b0 T v
7—%@%%m\ryx%AJ%F%%@ﬁJP74—Fﬂv71%mﬁ%b £
RKElTo72, TNOSDFER, VAT A IZHF U DITIE, IGEFERENH N L
Wo 7B ERRERPHIEEZ NS WD R s, ﬁ%%hT@%%é%ﬁ»T
PEANL L, WBRE I, IWEMP Y AT v —RillkEmETH B8, EBROBREE
FTCHHTIBEDORFED THRNIRETEITA M E2ESTLEONL VS BE%E K
CTWaeEZoN5S, BEREE] IZHELZEDITE, RuRe LT, @<<»
S5HDDERDIERETEIET 2 Z L BRSSP EBRICFERH O & 5 R % &
Ul WS BERPZ L, OB DEWEKRIAREZELRS ZLDhnwiga—¥A
VRTI—ATHBEEWVWRDE, —H. [ 714 —=FKXXv 7] ZHELZEDTIX, #
HPHEER, BN T 4 — RNy 7203000 D5 0Wikds (b—Fal—&—)
RHO, ADDYV 2 AF v —DEIIL TWBED0Dbn SR NE WS EEANE L,
HaEREROMKF 25 SILTWEZEEZLHND,

44



4. BGEFEBR 43. KHEDF L

INozFedde, KMETHFAELZEA VX7 o—A&, ZOFFOEVWE
WA REEER S 22D, BEFEOI—F A VR 7z —ALHIKLTH, K&
REWRLMMZADA—F A VR T2 —ATH5, LML, YV AF v —RX
NP SDDT 4 — KNy JTHATWARWZHIZ, HEEREZE R
TLESTWBZ EHHEFL 72,

45



B5E

i i

KX Tl BFEDOA VR T2—ATHI ALY FXOE R RiEFDAN VR T = —
AT, EHAWDS Z LTk T, HN/-E FHEREFE2EET 52 LA A6
BAVRIT Tz —ARBEUZ, ZOA4 VR T z—AlX, SHOFERIZBNT, R
Y= NI T ARFIUHHT B EFIZRIP TR VEFEEEDNREZH WS Z & %
HELTWS, FiLWA VR Tz—AZFFETRIZED, T4 NBRHNITEIER
e [P ) XFOZANELLUTHES, 5 TCHAHIOFEZ D> TSN
D&S7% MBS | 2EMAL, RFETIE, BEOA VR T —ATIEAAS Y F
PAATIEERETE TV THROIEE] & TIROEE] KL THEETH D,
KARGIE DN BRI TY £ A F ¥ —FBHP R A VX 7 = — A& FFE L 7=,

F1ETIE, HEEFROT»S, BEDA VX 7z —ADHEDLL SR T
RORIZDWTE ML, ZNENORMERCRED? S, Zhh 6 O HHREEIC
MBELRDEA—YA VR T = ANRED LS REDDEBR, ARWFFEDHIK %R
U7z H2® TR, BEMEE LT, BN D28FT5 1M 0 X7 2 —APE
EE2EODEHBIZTA7Z200a—Y 1 27—, BERBIN-EITMEZR
U7z, HBIBETIK, ARXORETA2IVE T NPV AT LDOHFEHIDWTIHR
RNz, BAETIEH, BEUVAZVATLZFERL, RETL2a3 02T MEDILA
VRT = ADEMMEBED A VR T £ — A OHBEREITW, WREEL 72,

AT, BEOA VR T2 —ALIEEIHEH WA VR 7 2 — AR RE
LU, 292527, TRHR{DOIBE) & THROHME] B—EIZHiERA VR T = —
A%FEBTE, £, BEOA VR T 2 — AL DHIEERN S, A1 VX T x—
ANNEKEE ERT 5 E TORERD, A1y FIZXDEMERE ZZ 2 TELLRL,
HEICHHTRER A VX 72— AD—2 L TORREND H 2 Z L WREI Nz,

46



L

. KA VRT 2 —AR3GEEAEREDPE L, ZORDEWHEKITEREZEL -5
TWERWZ 2RI Nz,

UL, KA VR T z—RAIZiE, HERIZHE S BUTIXSEIRD B O IR D 2 %

ZFTUEWV, OMBIZHENRHETUE S & \Wo oY AT AT TORMEEE
MEET L7z E S0, RN, BRKRT7 1 — RNy IR nZ izl vbnr
DIZ<WVWE WS HEEREMEL o TWARED D 5,

SHBOBEL LTI, A VR T2—AD—2DFE LT, KA VR Tz —2A
EEBMEH LY 2 —T A4 VA Y NREE S GE I AN, AR THIA L 721
BEEREL, A VR T z—A2HETDA VR T2 —AD—DIITEH L
ERUTWE 720,

47



= A

AWFEDIEHRETH D, MERNAIRD S RIS LBV E L ZHEHHE
ZLUTWEE R URBRERARTZRFZGEA T « 77 A VSR O R EEZE KH
BIZOP SN2 U ET, RRXOBFEZIZUD, TEEZIITIERL, AICH
DIRDA VR Tz —AEDHRAZHZ TN EFE LT,

D A FMEIZ D WTRRA 2B P EE2 W72 & £ L BERIARF R T
AT 4T THA VIHERID Kai KUNZE B8U%I12.00 5 &3 W72 L £7,

BL1HEDRIZ, RIFEDT A T TIZDWTHIE R S b o 72 TEMRITR,
BB & X T W22z MHD Yamen Saraiji & A2 & 0 @E#N72 L 9,

72, BL1EOELSHIZHEEZITV., TOZCCEEL DR HE LT
oA, FE, BEOHRIIEHOEERL £,

48



5

[1]

% X ER

Richard A. Bolt. “ put-that-there”: Voice and gesture at the graph-
ics interface. In Proceedings of the 7th Annual Conference on Computer
Graphics and Interactive Techniques, SIGGRAPH 80, p. 262-270, New
York, NY, USA, 1980. Association for Computing Machinery. URL: https:
//doi.org/10.1145/800250.807503, doi:10.1145/800250.807503.

D. Bannach, O. Amft, K. S. Kunze, E. A. Heinz, G. Troster, and P. Lukowicz.
Waving real hand gestures recorded by wearable motion sensors to a virtual
car and driver in a mixed-reality parking game. In 2007 IEEE Symposium
on Computational Intelligence and Games, pp. 32-39, 2007. doi:10.1109/
CIG.2007.368076.

Pranav Mistry and Pattie Maes. Sixthsense: a wearable gestural interface.

p. 85, 01 2009. doi:10.1145/1667146.1667160.

Natan Linder and Pattie Maes. Luminar: Portable robotic augmented reality

interface design and prototype. 01 2010. doi:10.1145/1866218.1866237.
Soli: Home. https://atap.google.com/soli/. (Accessed on 11/05/2020).

Yuta Ueda, Yuki Asai, Ryuichi Enomoto, Kai Wang, Daisuke Iwai, and Ko-
suke Sato. Body cyberization by spatial augmented reality for reaching un-
reachable world. In Proceedings of the 8th Augmented Human International
Conference, AH 17, New York, NY, USA, 2017. Association for Comput-
ing Machinery. URL: https://doi.org/10.1145/3041164.3041188, doi:
10.1145/3041164.3041188.

49


https://doi.org/10.1145/800250.807503
https://doi.org/10.1145/800250.807503
http://dx.doi.org/10.1145/800250.807503
http://dx.doi.org/10.1109/CIG.2007.368076
http://dx.doi.org/10.1109/CIG.2007.368076
http://dx.doi.org/10.1145/1667146.1667160
http://dx.doi.org/10.1145/1866218.1866237
https://atap.google.com/soli/
https://doi.org/10.1145/3041164.3041188
http://dx.doi.org/10.1145/3041164.3041188
http://dx.doi.org/10.1145/3041164.3041188

23 3K

[7]

[10]

[11]

Alex Olwal, Thad Starner, and Gowa Mainini. E-textile microinteractions:
Augmenting twist with flick, slide and grasp gestures for soft electronics. In
Proceedings of the 2020 CHI Conference on Human Factors in Computing
Systems, CHI "20, p. 1-13, New York, NY, USA, 2020. Association for Com-
puting Machinery. URL: https://doi.org/10.1145/3313831.3376236,
doi:10.1145/3313831.3376236.

K. Haratiannejadi, N. E. Fard, and R. R. Selmic. Smart glove and hand
gesture-based control interface for multi-rotor aerial vehicles. In 2019 IEFEE

International Conference on Systems, Man and Cybernetics (SMC), pp.
1956-1962, 2019. doi:10.1109/SMC.2019.8914464.

Tijana Vuletic, Alex Duffy, Laura Hay, Chris McTeague, Gerard Camp-
bell, and Madeleine Grealy. Systematic literature review of hand
gestures used in human computer interaction interfaces. Interna-
tional Journal of Human-Computer Studies, Vol. 129, pp. 74 — 94,
2019. URL: http://www.sciencedirect.com/science/article/pii/
$1071581918305676, doi:https://doi.org/10.1016/j.ijhcs.2019.03.
011.

Hui-Shyong Yeo, Juyoung Lee, Andrea Bianchi, Alejandro Samboy, Hideki
Koike, Woontack Woo, and Aaron Quigley. Wristlens: Enabling single-
handed surface gesture interaction for wrist-worn devices using optical mo-
tion sensor. In Proceedings of the Augmented Humans International Con-
ference, AHs 20, New York, NY, USA, 2020. Association for Comput-
ing Machinery. URL: https://doi.org/10.1145/3384657.3384797, doi:
10.1145/3384657.3384797.

Jiaqi Dong, Zeyang Xia, Weiwu Yan, and Qunfei Zhao. Dynamic gesture
recognition by directional pulse coupled neural networks for human-robot
interaction in real time. Journal of Visual Communication and Image Rep-

resentation, Vol. 63, p. 102583, 2019. URL: http://www.sciencedirect.

50


https://doi.org/10.1145/3313831.3376236
http://dx.doi.org/10.1145/3313831.3376236
http://dx.doi.org/10.1109/SMC.2019.8914464
http://www.sciencedirect.com/science/article/pii/S1071581918305676
http://www.sciencedirect.com/science/article/pii/S1071581918305676
http://dx.doi.org/https://doi.org/10.1016/j.ijhcs.2019.03.011
http://dx.doi.org/https://doi.org/10.1016/j.ijhcs.2019.03.011
https://doi.org/10.1145/3384657.3384797
http://dx.doi.org/10.1145/3384657.3384797
http://dx.doi.org/10.1145/3384657.3384797
http://www.sciencedirect.com/science/article/pii/S1047320319302044
http://www.sciencedirect.com/science/article/pii/S1047320319302044

23 3K

[12]

[13]

[14]

[15]

[16]

com/science/article/pii/S1047320319302044, doi:https://doi.org/
10.1016/3. jvcir.2019.102583.

Hiroshi Ishii and Minoru Kobayashi. Clearboard: A seamless medium for
shared drawing and conversation with eye contact. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems, CHI ’92,
p. 525-532, New York, NY, USA, 1992. Association for Computing Ma-
chinery. URL: https://doi.org/10.1145/142750.142977, doi:10.1145/
142750.142977.

Brygg Ullmer and Hiroshi Ishii. The metadesk: models and prototypes for
tangible user interfaces. In Proceedings of the 10th annual ACM symposium

on User interface software and technology, pp. 223-232, 1997.

Hiroshi Ishii, Ali Mazalek, and Jay Lee. Bottles as a minimal interface to
access digital information. In CHI ’01 FExtended Abstracts on Human Factors
in Computing Systems, CHI EA 01, p. 187-188, New York, NY, USA, 2001.
Association for Computing Machinery. URL: https://doi.org/10.1145/
634067 .634180, doi:10.1145/634067.634180.

Ken Nakagaki, Daniel Fitzgerald, Zhiyao (John) Ma, Luke Vink, Daniel
Levine, and Hiroshi Ishii. Inforce: Bi-directional ‘force’ shape display for
haptic interaction. In Proceedings of the Thirteenth International Conference
on Tangible, Embedded, and Embodied Interaction, TEI 19, p. 615-623, New
York, NY, USA, 2019. Association for Computing Machinery. URL: https:
//doi.org/10.1145/3294109.3295621, doi:10.1145/3294109.3295621

Hashimoto Sunao Noh Seung-tak, Yamanaka Daiki, Kamiyama Youichi, In-
ami Masahiko, and Igarashi Takeo. Design and enhancement of painting
interface for room lights. The Visual Computer, Vol. 30, No. 5, pp. 467—
478, May 2014. URL: https://doi.org/10.1007/s00371-013-0872-7,
doi:10.1007/s00371-013-0872-7.

o1


http://www.sciencedirect.com/science/article/pii/S1047320319302044
http://www.sciencedirect.com/science/article/pii/S1047320319302044
http://dx.doi.org/https://doi.org/10.1016/j.jvcir.2019.102583
http://dx.doi.org/https://doi.org/10.1016/j.jvcir.2019.102583
https://doi.org/10.1145/142750.142977
http://dx.doi.org/10.1145/142750.142977
http://dx.doi.org/10.1145/142750.142977
https://doi.org/10.1145/634067.634180
https://doi.org/10.1145/634067.634180
http://dx.doi.org/10.1145/634067.634180
https://doi.org/10.1145/3294109.3295621
https://doi.org/10.1145/3294109.3295621
http://dx.doi.org/10.1145/3294109.3295621
https://doi.org/10.1007/s00371-013-0872-7
http://dx.doi.org/10.1007/s00371-013-0872-7

23 3K

[17]

[18]

[19]

[20]

[21]

[22]

Eria Chita, Kai Steven Kunze, Yuta Sugiura, Masahiko Inami, Sunao
Hashimoto, and Masa Ogata. Silhouette interactions- using the hand shadow
as interaction modality. In UbiComp and ISWC 2015 - Proceedings of the
2015 ACM International Joint Conference on Pervasive and Ubiquitous Com-
puting and the Proceedings of the 2015 ACM International Symposium on
Wearable Computers, pp. 69-72. Association for Computing Machinery, Inc,
September 2015. ACM International Joint Conference on Pervasive and Ubig-
uitous Computing and the 2015 ACM International Symposium on Wear-
able Computers, UbiComp and ISWC 2015 ; Conference date: 07-09-2015
Through 11-09-2015. doi:10.1145/2800835.2800870.

Hiroko Iwasaki, Momoko Kondo, Rei Ito, Saya Sugiura, Yuka Oba, and Shinji
Mizuno. Interaction with virtual shadow through real shadow using two
projectors. In ACM SIGGRAPH 2016 Posters, SIGGRAPH 16, New York,
NY, USA, 2016. Association for Computing Machinery. URL: https://doi.
org/10.1145/2945078.2945121, doi:10.1145/2945078.2945121

Hiroshi Kato, Takeshi Naemura, and Hiroshi Harashima. 5% #LiE L 721
VRIUT 4 TG ERORNE. ETEREE Y B RRS. HIP,
b o — < VEHAEE, Vol. 103, No. 165, pp. 25-30, jun 2003. URL: https:
//ci.nii.ac.jp/naid/110003271960/.

H Xu, D Iwai, S Hiura, and K Sato. User interface by virtual shadow projec-
tion. In 2006 SICE-ICASE International Joint Conference, pp. 4814-4817.
[EEE, 2006.

Norifumi Watanabe, Shigeru Wesugi, and Yoshiyuki Miwa. $&7% % ZZ[H]~\D
TR AP AR REDRIZ LB EA V&7 2 — ZADRF. [HRLHET 2
FmCEE, Vol. 48, No. 12, pp. 3919-3930, dec 2007. URL: https://ci.nii.
ac.jp/naid/110006531968/.

Yoshiyuki Miwa and Chikara Ishibiki. Shadow communication: System for

52


http://dx.doi.org/10.1145/2800835.2800870
https://doi.org/10.1145/2945078.2945121
https://doi.org/10.1145/2945078.2945121
http://dx.doi.org/10.1145/2945078.2945121
https://ci.nii.ac.jp/naid/110003271960/
https://ci.nii.ac.jp/naid/110003271960/
https://ci.nii.ac.jp/naid/110006531968/
https://ci.nii.ac.jp/naid/110006531968/

23 3K

[24]

[25]

[27]

[28]

embodied interaction with remote partners. In Proceedings of the ACM
Conference on Computer Supported Cooperative Work, CSCW, pp. 467-476,
2004. Computer Supported Cooperative Work - Conference Proceedings,
CSCW 2004 ; Conference date: 06-11-2004 Through 10-11-2004.

Maho Hayashi, Yoshiyuki Miwa, Shiroh Itai, Hiroko Nishi, and Yuto Ya-
makawa. Creation of shadow media using point cloud and design of co-
creative expression space. In Sakae Yamamoto, editor, Human Interface and
the Management of Information: Applications and Services, pp. 256267,
Cham, 2016. Springer International Publishing.

Garth Shoemaker, Anthony Tang, and Kellogg Booth. Shadow reaching:
A new perspective on interaction for large displays. pp. 53-56, 01 2007.
doi:10.1145/1294211.1294221

Lisa Cowan and Kevin Li. Shadowpuppets: Supporting collocated interaction
with mobile projector phones using hand shadows. pp. 2707-2716, 05 2011.
doi:10.1145/1978942.1979340.

Yogesh Kumar Meena, Krishna Seunarine, Deepak Ranjan Sahoo, Simon
Robinson, Jennifer Pearson, Chi Zhang, Matt Carnie, Adam Pockett, Andrew
Prescott, Suzanne K. Thomas, Harrison Ka Hin Lee, and Matt Jones. Pv-
tiles: Towards closely-coupled photovoltaic and digital materials for useful,
beautiful and sustainable interactive surfaces. In Proceedings of the 2020 CHI
Conference on Human Factors in Computing Systems, CHI 20, p. 1-12, New
York, NY, USA, 2020. Association for Computing Machinery. URL: https:
//doi.org/10.1145/3313831.3376368, doi:10.1145/3313831.3376368.

Shaun Gallagher. Philosophical conceptions of the self: implications for cog-

nitive science. Trends in Cognitive Sciences, Vol. 4, No. 1, pp. 14-21, 2000.

Tiare Feuchtner and Jorg Miiller. FExtending the Body for Interaction with
Reality, p. 5145-5157. Association for Computing Machinery, New York, NY,

93


http://dx.doi.org/10.1145/1294211.1294221
http://dx.doi.org/10.1145/1978942.1979340
https://doi.org/10.1145/3313831.3376368
https://doi.org/10.1145/3313831.3376368
http://dx.doi.org/10.1145/3313831.3376368

23 3K

[29]

[30]

[31]

[32]

[33]

[34]

USA, 2017. URL: https://doi.org/10.1145/3025453.3025689.

Patricia Ivette Cornelio Martinez, Silvana De Pirro, Chi Thanh Vi, and
Sriram Subramanian. Agency in Mid-Air Interfaces, p. 2426-2439. As-
sociation for Computing Machinery, New York, NY, USA, 2017. URL:
https://doi.org/10.1145/3025453.3025457.

Kenri Kodaka and Ayaka Kanazawa. 525 2 FHE 6N dF. HAGRHLH
TR SCEE, Vol. 2015, pp. 6-6, 2015. URL: https://ci.nii.ac.jp/
naid/130005489035/, doi:10.14875/cogpsy.2015.0_6.

Kenri Kodaka and Ayaka Kanazawa. 12 &% HAKFERKOERHIZET 3
EXY T4 —OER. HARBFLHE A SRR SCE, Vol. 2016, p. 7, 2016.
doi:10.14875/cogpsy.2016.0_7.

Kenri Kodaka and Ayaka Kanazawa. Innocent body-shadow mimics physical
body. i-Perception, Vol. 8, p. 204166951770652, 06 2017. doi:10.1177/
2041669517706520.

DA. J—xVv. #D=dDTHA v ? FiELt, 2015.

HATER . R S Z RO —H 1 v & 7 = — A, HilidFamtt, 2015.

54


https://doi.org/10.1145/3025453.3025689
https://doi.org/10.1145/3025453.3025457
https://ci.nii.ac.jp/naid/130005489035/
https://ci.nii.ac.jp/naid/130005489035/
http://dx.doi.org/10.14875/cogpsy.2015.0_6
http://dx.doi.org/10.14875/cogpsy.2016.0_7
http://dx.doi.org/10.1177/2041669517706520
http://dx.doi.org/10.1177/2041669517706520

{3

© 00 N O Ok W N

W W W W W W W N NDNDDNDDNDNDDNDNLDN — = o = s = e
UL WN R O © 0O U R WNRFEOO©OW-N O Utk W~ O

\ l‘%

VIRAFy—REE V—ARXO—FK

#include "mcc_generated_files/mcc.h"
#include "matrix.h"

#include "shadowcon.h"

#include <math.h>

#define MAX_QUEUE_NUM 10

typedef struct QUEUE

int num;
int datalMAX_QUEUE_NUM];
} QUEUE_T;

const int MATRIX channelssMATRIX _SIZE] = {
channel ANAO, channel ANA1,channel ANA4, channel ANAS5,
channel ANA7, channel ANAG6,channel ANCO, channel ANCI,
channel ANC2, channel ANC3,channel ANB5, channel ANB4,
channel ANB3, channel ANB2 channel ANB1, channel ANBO,

b
const int MATRIX_X[MATRIX_SIZE| = {
_27_]-a 17 2a
_27_1a 17 27
_27_]-7 17 27
72,71, 17 25
5
const int MATRIX_Y[MATRIX_SIZE] = {
_2)_27_27_27
1,-1,-1,—1,
11,1, 1,
2,222,
b

int hold flag = 0;
int hold_timer_flag = 0;

%)



8% AV AF vy =B V—Aa—F

37 void TIMER_HOLD(void)

38 {

39 hold_flag = 1;

40 hold_timer flag = 1;

41 }

42

43 bool matrix_1log]MATRIX_SIZE| = {};

44 mv_vector bef_mv = {0.0, 0.0};

45 mv_vector log-mv = {0.0, 0.0};

46 int done_hold = 0;

47 int pinch_flag = 0;

48

49 int active flag = 1;

50 int normal_threshould = 0;

51

52 unsigned char matrix_process(int *status, int *threshould)
53 {

54

55 uint16_t matrix MATRIX_SIZE] = {0};
56 bool ret[MATRIX _SIZE] = {0};

57 mv_vector now_mv = {0, 0};

58 int cnt = 0;

59 unsigned char code = NONE;

60

61 static int init = 0;

62

63 get_matrix_analog(matrix);

64 convert_normal_matrix(matrix, ret, xthreshould);
65

66 cnt = calc_matrix_center(ret, &now_mv);
67

68 static uint16_t roomlight = 0;

69

70 if (init == 0)

71

72 roomlight = average matrix(matrix);
73 init = 1;

74 }

75

76 if (xstatus == 0 && cnt !=0)

77 {

78

79 xstatus = 1;

80 bef mv.dx = now_mv.dx;

81 bef_mv.dy = now_mv.dy;

82 hold_timer flag = 1;

83 hold_flag = 0;

84 done_hold = 0;

85 pinch_flag = 0;

86
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87
88
89
90
91
92
93
94
95
96
97
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
132
133
134
135
136 }

TMR3_StartTimer();

else if (xstatus & (ent != 0))

{
// R—)b RiRAE
if (hold_timer flag == 1)
TMR3_StartTimer();
hold_timer_flag = 0;
}
if (hold_flag)
{
hold_flag = 0;
hold_timer_flag = 1;
done_hold = 1;
TMR3_StopTimer();
return HOLD;
}
// T ZIZ &R PINCH
if (check_pinch(ret) >= 2)
pinch flag += 1;
h
else if (xstatus & (cnt == 0))

{
/) TV RN RL5)
xstatus = 0;
hold_timer_flag = 0;
hold_flag = 0;
TMR3_StopTimer();

if (done_hold == 0)
{

}

if (pinch_flag >= 50)

code = judge_gesture(&bef mv, &log mv);

code = PINCH;

}
bef mv.dx = 0.0;
bef_ mv.dy = 0.0;

}

log_mv.dx = now_mv.dx;
log_mv.dy = now_mv.dy;

return code;
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137
138

140
141
142
143
144
145
146

void get_matrix_analog(uint16_t matrix|])
139 {

}

for (int i = 0; i < MATRIX_SIZE; i++)
{

}

matrix[i] = ADCC_GetSingleConversion(MATRIX channels[i]);

void convert_normal matrix(uint16_t matrix[], bool ret_matrix|[], int threshould

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
175
176
177
178
179
180
181
182
183
184

}

)
for (int i = 0; i < MATRIX_SIZE; i++)

if (matrix[i] < threshould)

{
}
else

{
}

ret_matrix[i] = 1;

ret_matrix|i] = 0;

}

int calc_matrix_center(bool matrix[], mv_vector *mv)

{

}

float x = 0.0, y = 0.0;
int cnt = 0;
for (int i = 0; i < MATRIX_SIZE; i++)

if (matrix[i])

x += (float)MATRIX_X[i;
y += (float) MATRIX_Yi];

cnt +=1;
}
¥
if (cnt 1= 0)
mv—>dx = x / (float)cnt;
mv—>dy =y / cnt;
return cnt;
return 0;

185 unsigned char judge_gesture(mv_vector xbef, mv_vector *now)

o8
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186 {

187

188 float dx = bef—>dx — now—>dx;
189 float dy = bef—>dy — now—>dy;
190 if (fabs(dx) > fabs(dy))

191

192 if (dx >=0)

193

194 return SWIPE_L;

195 }

196 else

197

198 return SWIPE_R;

199 }

200 }

201 else

202

203 if (dy >=0)

204

205 return SWIPE_U;

206 }

207 else

208 {

209 return SWIPE_D;

210 }

211

212 return ’0’;

213}

214

215 void initQueue(QUEUE_T xqueue)
216 {

217 int i = 0;

218 queue—>num = 0;

219 for (i = 0; i < MAX_QUEUE_NUM; i++)
220 {

221 queue—>datali] = 0;

222 }

223 }

224

225 int myenqueue(QUEUE_T xqueue, int input)
226 {

227

228 if (queue—>num >= MAX_QUEUE_NUM)
229

230 return —1;

231 }

232

233 queue—>data[queue—>num| = input;
234 queue—>num++;

235 return 0;
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236
237
238

240
241
242
243
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
275
276
277
278
279
280
281
282
283
284
285

}

int mydequeue(QUEUE_T xqueue)
239 {

}

int i = 0;
int ret = 0;

if (queue—>num == 0)

{
}

ret = queue—>data[0];

return —1;

for (i =0;i < queue—>num — 1; i++)

{
}

queue—>data[queue—>num — 1] = 0;
queue—>num-——;

queue—>datali] = queue—>data[i + 1];

return ret;

int dMATRIX_WIDTH] = {—4, 4, —1, 1};

int check_pinch(bool matrix[ MATRIX_SIZE])

{

bool visited MATRIX_SIZE] = {0};

int group_count = 0;
QUEUEL_T queue;

initQueue(&queue);
int ne = 0;
for (int i = 0; i < MATRIX_SIZE; i++)
if (visited[i] = 1 && matrix]i])
myenqueue(&queue, i);

group_count += 1;

while (queue.num != 0)

{

ne = mydequeue(&queue);
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286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335

}

visited[ne] = 1;
if (matrix[ne])
for (int j = 0; j < 4; j++)
if (0 <= ne + d[j] && ne + d[j] < MATRIX_SIZE)
if (visited[ne] != 1)

{

myenqueue(&queue, ne + dlfj]);

}
}
¥

}
}

return group_count;

#define LOGS 5

#define THRESHOULD_MARGIN 100
#define THRESHOULD _MIN 200
uint16-t matrix_logs[LOGS] = {};

int update_cnt = 0;

int update_threshould(int #n_threshould, uint16_t matrix[])

{

// BB D%
uintl6_t ret = 0;
for (int i = 0; i < MATRIX SIZE; i++)

ret += matrix[i];

}

ret = (uint16-t)(ret / MATRIX_SIZE);
s«n_threshould = ret;

// S E
update_cnt = (update_cnt + 1) % LOGS;
matrix_logs[update_cnt] = ret;

uint16_t next = 0;

for(int i=0; i < LOGS; i++){
next += matrix_logsl[i];
}

int threshould;
threshould = ret — THRESHOULD_MARGIN;

61



8% AV AF Y= V—Aa-—1N

336 if (threshould < THRESHOULD_MIN)
337 {

338 threshould = THRESHOULD_MIN;
339

340 return threshould;

341 }

342

343 int check_active(int n_threshould, int b_threshould)
344 {

345

346 if (n_threshould > 1000)

347

348 return 1;

349

350 return 0;

351 }

352

353 int average matrix(uint16_t matrix|])

354 {

355 uint16_t ret = 0;

356

357 for (int i = 0; i < MATRIX_SIZE; i++)
358 {

359 ret += matrix|i|;

360 }

361

362 ret = (uint16-t)(ret / MATRIX_SIZE);
363 return ret;

364 }
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