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Abstract of Master’s Thesis of Academic Year 2024

Visuo-Haptic Content Production

Based on Haptic Recording and Transmission Technology
Category: Design

Summary

In recent years, the development and spread of information technology has made it
easier to share one’s own experiences through visual and audio media. And there
is a need to realize sensory sharing technology through the five senses, which en-
ables the transmission of sensations and skills without language. Although haptic
technology makes it possible to share subjective experiences, haptic transmission
technology that records and presents the sense of touch has not been established.

In this study, I propose a process for production and a method of collaboration
with video production for the purpose of establishing a workflow for the production
of visuo-haptic content that enables sensory sharing through video and vibrotactile
sensations. Content produced by applying the workflow to multiple scenes was
implemented in FEEL TECH and demonstrated in various locations. As a result,
this workflow was effective in the production of a wide variety of scenes and
produced content that could appeal to a large number of people. These result
have led to the production of high-quality and stable visuo-haptic content, and
there is a possibility that it will be deployed to many people and fields.

Keywords:

haptic transmission, visuo-haptic content, workflow, co-production, FEEL TECH

Keio University Graduate School of Media Design

Harunobu Taguchi
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Introduction
1.1. REOHE
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EPREBERNZHEAELIZS W E W ZER D B, PV AF Y —L Vo TR
GabREETHY, 2T2HMPIIEZDDIERNETH 5,

F7-, RERZRSL, MHTI2EHZIIOVTAS 1A TOHEAICHHEL Tl
RXTW5,

o MWHDEIPRE ILH
o IRER%Z @ U 72 HIERIL A
o SCIEDHMME & B

Bl ZE, RERAZE L 2 HEE TP WTIE, BT OB A O, 2
U EEAT D EAHEETH D, HEOHME Y LTI, BEOKBRERG DD
KO W T Z B ARETH B, BEAELAET S LT, Bl TRL
JEIEETHEMEAD I EDAHRIZAR S,

AR CIIIEBREM ORERP L B L b, — A0 & 0 AT R 2 PRI G,
HET 22 LW HERIZ R o7z, METHEEPHEZ BT 5721 THR, 1V &X—
zvkﬂbcﬁﬁ$®Aam%f%E?5’a%@%5 B Id & D BRI

FITFEBOEMOFIZNE 0D X 5125k HEHTE2 L5120, HEDIEK



1. Introduction 1.2. {EHEE D2

BELUTHRTZIFELESTHEBETIERY, ZOLDI1C, EEE2>Z2T
KER % EREINTAEZ 5 Z EDBITE TIIRZIZHREIC R > TET W3,

L2 U, BIfECIIHRECHEREHROLAIZRONTE D, AETEL 5 E6BI1Y
RARERE U TR Z 2 ITIXERELR SN T WD, il 2 A TS IXEECEE
ERENITIMHFIEZ SN WY H 2 1F0, BREREZ T — 235
e TCAFIVDRIERARER EEEREAIZEDV SR H 5, HIZIX, ¥7/
XPEETFOEPORELRE S L5112, BEZ AW TR N7 R % B K5
LTHEDERE LTHRTHZONE XD 12k5, EELAEIZEW T 2N
52 LI H I DB L WA B,

1.2. BHRBEDOZEIL

v M =22 @0 T4 2EHREZBERICHEETEE L 5R-721ED0, b
DHEEEIZT VX ATESLTNA AR ORRITR 572, A% ITEjEILE Y 1
FNOEREEY A N8I THET 7 AMETHY, FRIZaIVT VY
ERHUELGZENTES, ZHNIETLERCD E W AT A T2EZFES
2172720 THRVTNVEALBIIa=r—ravzREEIETsh, Fyv
MZIBE D zoom REDA VT4 Y ETAREY AT LAVRHERIZHHI T
5, INHIFI0FHEZ N E LIS RH RN 6, IHHRESE DI
ftizk-oTdEzo3INZHDTH 5,

/. HEMIZHEROEEAL P> TRELFSHDTWS, NEFIET
5 RFEEATECER “Society 5.07 Tl&,

(A N—22HE L 7 40 VHINEMZ2EEICREIE Y AT AL,
RIFFE & 2 PRRE ORI & N7 3 5 AR D D4

ERKALRGERRLTE D 2], BWHREEDEHNSE4 RO oNTWE, BEhE
18 DEHE(LHIA 3GPP N TR HEAUESE 6G D HEA RS NTWEARTTH D,
XR(eXtended Reality) Tl & &8 EATKER ] 2 [TV 2LV A ) [A—
MEHREBRT 4 7 A BEFoNTWD 3,
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FEHEEIZ 2 DOWBES V71 8¥Eod, ez Kz —vv AL L
TOEADRD SNTWB, 2 E2ZEZTWL =OICH 7= 2 MiEalE 28k L.
KR DIEHBEITMEFELE LD VI FERVBE->TWVWS,

1.3. ATV VElEDERE

AR OEFHEBIAE 2 ECBRRELEOELENED SN T VD Z D Dh-o
77 LD U, BEICMET—X2R/ES57-DI121, vV T, 7I7Faxz—Ts=
VEWS DT ANEE > TWEIBERDH L, RWwar Ty ezhal
25 EANEE TR 2 T B 72O DHiREMTH B,

WEAZ DGR D > T UV HHETIE, WG 58 2 AGE 7GR T DI FEGI/E
FEPHELINT WD, BIRIZH] - R0 HE, REDOZOOM, 7ut X
MDEHEZI L DD TEVELET 572D TH D, A TITIETA I UF D&
Th, MEROEFRT—XAPNEEINT I 7 A NVIZEHEINE =D, FAPOHBE
L, WMEY 7 b7 ETHEH NPT,

iR Z2 GGy T VRIEIEINETITObN T E 2300, HFEGIEEL W
SEEDIS X T =27 70 =D LI N T VR, BUE DT A il X e = A
TOHY MADE L, BGTHAFMREZREM & UTREINTWARWZOTH S,
HLFEFEEZITS ZETRWI VYT UVITIEDIF BRI ENTEL T, TDEDH
DT =77 a—NRETHD,

1.4. XHZROEH

ZD &SI, BHRBEEDEIME->-TIAIazlr—varod) FNEfLT
ETCWVWE—AT, iRAEFOIMANED ST WD, TD LD, A
DEEEBICRE AR 2R EST 22 2 HEL LT, ATRESEKAEH
NTT FaE e -FEME IO 27 N 2022 FIZHKRL L, Tuayc s M~
HTIEMBEDO Ry b7 — {5k, £ U CHIMNGROBfE o> 7 > Y ilfEE =
BU7z, AKtgEiEZz0 70y =2 bo—BE UTitbh, EFMEa Ty



1. Introduction 1.5. ARG X DRERL

DFIFEIZEED o 72, EELEFORBUCHIT T, @mERE 2500 Ga Y 7>
VORlfEEZHIELTWS, £ TR TIX, METo X oY gy & ILHETHifil
HarvrovikilifeaiT A% 7 -2 70 —0MEEZHKE L, TOAERME2FEL
THREET 5,

1.5. AR DRERK

RN AETHER I NS, RETIHBEILAE ORZLBEHRBE 2 HLD % 4t
AMBEFRIZOVWTHRAR Tz, 52 HTIHEE OGS N2 il o BRI
IS FEHZ RS, HE3ETIHHEEICET 2 —EDO e A2 EHR/ L. VAT L
FEBLOTE MNRA VT ERIZFEOREZITS, BABTIIREFEZH
R D T UV HITEDFEER L ZDELIZDONWTHRANS, 55 ETIEAMIEIZ
B9 2 —@#HDE D AT DN TR Z IR R S
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2.1. EEHNAEBROEEREBE

il 2 NDRERFE %@ U - KBk Z Sk L. AT 2 FEITVL ONEFEET 5, UK
DD HHEFECEERIZBE U TIEME0 S BN & - Taddk. FAEZITA 5, F#
B DRLEREAT & U Tld, GoPro!® XS5 B/NDT 7> a v h AT, AT VAR
AT B30EHATRENREITONE, T2V avhATIIKITED 19T L,
— NP SR 2 B T2 DI L TW5, FINMIEEEEDNR NS D TIEY
TUTUNATREA Y TR EDEMUWAR=Y THENLDL NI W
MR Z Y TE S, AT LANATTIE2O0H X S MO EY)IZHES S
LT, VKD D LM E IR TE D, 360 EH AT TIEERK, 3HHEDOM
GBaHTE, Rtk oTRAMERET I LN TES, AT LANAT L 360
AT ZHAEDE T Insta360 TITAN 213U ET 5360 EVR3IDAIATH
FAEL, YAKBH D 0 h 5 b AR MG 2 38k T & 5,

MR OBFEFEME LT, T4 AT VA, 7YX — Ay RYT VU hT«
A 7L (Head Mounted Display, HMD) 72 ¥ 9321 F 5 b, T4 A 7L A%
VI R—FFREL T, @YRAED»SHET 5, ST sIeT
VARIZRE S ZEEARETH D, SIEDT A AT AR TV 27 X—TIEA
TFUANAT OMEEARFNHIETE 5, TETIEAATIZEBTI NI+
VIOV ATLBERU-EREET s ATV HRKENTE D, FHAIIZRUT
Mgz iR T 52 & T, VREDND DL AN oM EIAD BERERPEBL TW5B,
HMD Tld, HHF LA 3D THEETE 5, Iz oIz bI v+

1 https://gopro.com/


https://gopro.com/

2. Literature Review 2.1. EEKRERDFFk & FAE

VIINZEOE S IZGU T, M GgELZ T TS, Fle U TR 2.11Z Sony £
DZEMEIT «+ A7V 1 ELF-SR22% ., [¥ 2.2 12 Apple £ HMD., Apple Vision
Pro®% "3, Apple Vision Pro l&, HMD TR ZEfa v a—X &L THRK
SN L TRERFHEEZITFAL, FHI NI ATIZE > T 3D OERHTEHE
HROHHEZERE T 5 A TE, EBRNRMEGE RS sk HETLZIEN
AHETH B,

(8 : Sony 4 Web ¥ 1 2)
2.1: ZMHEHT « A7 L A ELF-SR2

IS O EMA S DEZEHI L UT Jackln [4] D & 5 125 =F 5 FHE LA
26 LI URD OB & T 6812 SRR G OREILE Y AT L EE
INTVWB, KK, — AMBAMBEIME» SBIHITERVWEDTH D Lo,
MG A BRSNS 2 Z & TRIIATEEIC L, =Y a vy 7 32 ADMEE R L T
Wb,

E 7z, B2 T — 2L U THBLT 2 HEAfi B EFETIEFEEL TW»Wd, LiDAR (Light
Detection And Ranging) T3 kK 2FEHEEHAIIC K> T, 74 M I XA MU 3D
Gaussian Splatting 72 ENIEBO L HREBR NS I Ea— R T a VIZ& T

2 https://www.sony.jp/spatial-reality-display/products/ELF-SR2/

3 https://www.apple.com/newsroom/topics/apple-vision-pro/
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2. Literature Review 2.2. fRE DA - FRAREA

({88 : Apple tF: Web ¥ 1 3)
2.2: Apple Vision Pro

3DATV T N EMEEARETH D, 3DZEME HMD 2HlaGbE 5 Z & THN
X O RWERHEA T H 5,

FEIZDOWTIINA = T )V [5] R EBN RS AR WA D, HlEAD
HIEEZHBETAEZILTHIENEZTDHIZWAL LS BREENEFEONS, EETIEE
FEEY — A LTCEMA—T A ABRELLTED, ATLAAS TR UITEST
IFVUTIEoTEONZ BT R Z LI VEBEESE LD Z LN TE S,

2.2. RO - BBl
2.2.1 fpEtEY VY

S OHAZSHE L LT, HAEE, WS, WEEHO 30052 [6,7). fil
HEHHTL-OICXID3EEREE2 LYY VI T 5T L TREOKREZ BT %
ZEAROENG, ARTIEINS 3ERE LY VYT BHAMPHEHIZOVT
BARB,

FEhxryy 73, RO HORESRHAZFITEI LT, 2DOF
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Hidkke TH s, HPELAR, #EARAN FERETAHN AL E
fEU, il ey v 7 LTEEZ YRR FSR VAW NT WS,

REt > v TN, HE, MEEEZFHTLI T, 2OV TDARD
WA Thsb, MBIIEVWTIE, v1 27874, MEER VY, L —F =245
YLYHET. PVDF 7 1 VA Bl R EVHVSNT WS, FIZIX, KEREOG
HINZH T Bensmaia & [ 1 dF—NVFETF2HWT, BHL2H S [10] iFN1AE— K
AA T HHNTIRAEDHE Z, Wiertlewski & [11]Id2>y v 7eT7oFaz—X&
T VETEHANTWS, TECHTILE toolkit [12] Tlk, 3 v X7 b~ 0 %
Moy TORIZMOHIFEZ 8T, =X —FE2Kay FIZHUANSHERIZ
ZRE T 2 IRE 2L T\ 5,

Lambeta 5 [13] ik, XFERE V2L 0 7 u m ORREETIEN DA%,
10kHz CHREIGHHIZ FREIZ L TW5, EE2 LY v T 50 DFEERX T
Hd, Y—IAX, BENLEND D, MEEsS I FMFEAIZE I Wz v 7T
NA Y —IZAREZFANT WS [14],

2.2.2 fHETF 4 AT LA

UL THEONEZT =R EHAWTEE 2 BT 2 ME T+ A7 LA
DHWVWONS, FITHEH, 258 Bz I N [15]), FEZERINTWS,

HRFIEE 2N U CEREZIRT 5 X1 TOF N4 AT, Y=Ly ba—
T, BREONY RVREDRRWITH S, BERE SICFRRETRH LIV
O, FHNESGTHD, —FT, BERENT 272OREDOHBRICIRE S NPT <
NHMZED D DN L\,

LERIIZLOMY FHIZT N ZZEELTHHT ST NA AT, 70 —7%
DA RNY RIREDFNA ADRREINT VWS, TOXA TOTNA AlZEE
DHENRIZ DD B 72D EPHDE L SN 3 <, Bl TuwiWiREEZES Z &
THE LW BTR O 1 [6,16] FRRT N A RKER E —HEHL TV 5,

HEMARLEI T — 7 B EIZEE LTS 573 2T, IR KRBT/ T —
DNHEL7-ONHET +— NNy 7L T\W5, PHANToM [17] ¥ SPIDAR [18]



2. Literature Review 2.3. R ARt By

TEN—F YNV EDA TV I NaREBIEMNTE S, TOMIZ, FEESTRK
UBZLDTE5%HTT «+ A7 L1 (HaptoClone [19]) 72 EHFHET 5,
TNRAADRA FIZE > TENENAE AWM E DD D INAMNR S AT LIFAFE
LWz, 32t 7 MG U CHEYIZR TR 2 ER T 508 D 5, HlAIX, F#E
S H B U 72 EBIIRBRIC IE S ERENE 2 151712 S WHER L2 | s iR 7 « —
RNy 7 PR ERGEIIZEN 2 RAT 540 ETH 5,
INODTNA ATHEEZ RS 2fA L LTI, E—&—, iREF. &M
W RRE BEEREDT 7 Faz—ABHNSONT WS, £z, ThETIZE
72BN RBENOELD MAH LN, T 1+ AT LA FHZE U Tkt 522803
EDOSNT WD, HIZIE, 77— LD 3 Y b e —F Tlid NINTENDOG4 O 08
me L THRBINLIRE NNy 7UZEEF b, BIE Tld Nintendo Switch @ Joy-Con
@ HD #zHE)° % PlayStation 5 M DualSense DNTT 1 v 7 7 4 — RN 7 BERESIZ
& 0B RIREI PR R A A BEIZ 22 o 72, DualSense ([ZIXIREIFERE/Z IS T <, T X
TT 47 bYA= EEN MBI AT B EBRDOR X UABHIN TS
D, BB ERK-7ZD, HOT L —F 20720 LWV o ZBER L D ) 7ILIZREL
LNbELIITH>T WS, £7z, iPhone ZZ U & THAY— K7+ % Apple
Watch &\ 5 727 /81 Z1Z$ Taptic Engine & MEIXN B IREIF1MEHR I N TH D,
ﬁv%ﬂiwLT@ﬁﬁV%27D—w EMUBEISCTME T « — F Yy
INREU B8, ¥F—K—NAIRF—LN=RE A VR =T = — ADHFEEE
FHHTWB,

2.3. MRRE{RIERAM

i v T MRT 4 ATV A & EUMBEAREEMEET 5, Bk U7
TECHTILE toolkit [12](K2.3) 3R EFED L S ITHHTMBEEEZA D I EMNTE

4 https://www.nintendo.co.jp/n01/n64/option/sindop.html
5 https://www.nintendo.co.jp/jobs/keyword/29.html

6 https://www.playstation.com/ja-jp/accessories/dualsense-wireless-
controller/
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2. Literature Review 2.3. fill T sk H i

5, IEr o e LT~ 2%, 7O7Fas—RIIEEF2HAWSAZETay S
DHOEL —ERY —ADFEZBEL SN,

(H 8 : Minamizawa 5 [12])

2.3: TECHTILE toolkit

[@#RIZ, BB U7z HaptoClone [19] £ 2 D DN =GR DY & 1D 2 HEIZHE
B OHEXTEEDT, 3G E & 12 100mN /em? FEEOREMEZ (A 5 2
EMWTE D,

WA € — METAZEY AT L [20] Tl MGENTT 1 v 2 MEMS 731
A LS SRRERM 2 MAaGhE, VT IVRMEEEEL T\,

Erz. 2y T =2 2RHE U TSGR SRR T 2D lAbkLY TH B,
BIIS 3t cNA Ty bRV ORABMZ WHEIC T 5720, KOIRE) % 2
ELUTW5 [21], SmMRETHRBIIREINZ8 DDAV R T M= A 712 & DIk
U7z RHkE % 2ch 12X v 7 A X7 > U, 500Hz LA LD REREEGEEE 77y b U725
5 %4 900km BN 7= BT ITAZE U THREIR CTHBLL TW 5,

TNZ—umiRy b ThH5D TELESAR V [22](X2.4) Tix. ©R v hDOIELIZH
D SN Y DEEMIC B A YMRDIES . RE), REEZBRAIL, ARV —
RDIFNZT 4 —FNy 7552 8T, BN TOWTEYRDHA DV ARETH S Z
LERLTWS, YIVFF ¥ X MATET A A TH S Haptl/O [23] Tld, oY
ROT 7 F a—=RPEEINZT AN ABREy VT —=7BUIL——, =%
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2. Literature Review 24 A VF UV DTFHA Y

REHHBRRTER SN, A VR T 7T« TRMKBRILE N AIRETH D, 7z,
HEI I a=r—YavEEEENE Uiz, NAROMREMNEET AEEETH S
RNRIEARES [24). VE—MNA XY F 25| REBMBDO Xy b — 2@ L W
Z %, Furukawa 5FAY—hF 74V ETLK TSSO BEEZLEELTWS [26],

({1 2 Kurogi 6 [22])

2.4: TELESAR V

o i E 2y M= 2BUIZROED § 57201213, Ik o BA TR
T—ADBHRINTVWDRBENDH D, MPEG 2 v T Il %2EET 5 MPEG-
4 ALS [27] %, json (IZ 2RO EFH LR ZF U 7 7 1 )VIZFBR T 5 AHAP
(Apple Haptic and Audio Pattern)” 7 + —< v R ENRELI N TV 5,

2.4, AEIVTUOVYDTHA Y
2.4.1 THAY—IL

fdEa > T oY idey Yy T OBB S TEFEBCHE T DL ALRET YA
Lo THEARIND, Enriquez & [28] 1, —HHEOMEIERT N1 AT

7 https://developer.apple.com/documentation/corehaptics/representing-haptic-
patterns-in-ahap-files
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Composer? (4 2.5), Meta #1:0 Meta Haptics Studio®® 2 &IZ X v fiiga > 7Y%
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8 https://www.haptrix.com/

9 https://www.interhaptics.com/tech/haptic-composer

10 https://developer.oculus.com/documentation/unity/haptics-studio/
11 https://game.criware. jp/products/haptix/

12 https://www.miraisens.com/ja/solution.html

12


https://www.haptrix.com/
https://www.interhaptics.com/tech/haptic-composer
https://developer.oculus.com/documentation/unity/haptics-studio/
https://game.criware.jp/products/haptix/
https://www.miraisens.com/ja/solution.html

2. Literature Review 24 VT UV DTFH A v

HECTESZERTITFELERINT VS, Cai © [29] IX GAN (Generative
Adversarial Networks) &\ 2 ¥EJEFEE 2 H\W T, AR M OEG» S EBE S 24
U, EREOfUEZFHIL TWad, £72. Yamaguchi & [30] i&, kIR IZH
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13 https://www.cjédplex.com/4dx
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BRI L2\ T =L UL L UTOMBEREMIISITIZR > TEh, BHOK
A ERICHEHE LU TEAD I L ERIEZNETH 2, Z LI NZHIE T ot
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3.1. FEEL TECH7O>Y 7 b

3.1.1 Oz MNEE

D &S mANKGEDOFEIZHIFL, RAKENTT K3 € (B, INTT FaE))
ERETHIEFEME T O 7 MR 2022FEICFHERE L, SO TaY s M
1%, BERAKRFZRLEREAT 1+ 7 7V V%R Embodied Media Project, 41k
B T2 KPR T2 2ER Haptics Lab, [H FCNT #kA&4LA32H L, FEEL
TECH®! o> fil & 554k D BIFE 1 HY 0 LA 722, FEEL TECH & %, SKIE#H % 57—
ZAL LU CHABIZT 2E4F T, NTT F I DR 2 AMHLEREBO! o
XN TWb, SEOELEEED S L AFHER S E TIT, BifE, Ak, HRED
HEZFEHLTWD, NTT FI3EId, KERLE - 8 KA 2 ORI E R Dkt

1 [FEEL TECHJ, [ A\M#EsRIEEME ) 13IMR24E NTT K aEDBHEEETH 5,

2 MRERKRER: docomo Open House'23 Hifg: HFH). 6G Rz Hr 72 iz &t s5 TA
MHLEEME ) 12X > THFORU A ITALE TMTEILA T 5 54l [FEEL TECH] % B3,
https://www.docomo.ne. jp/info/news_release/2023/01/25_00.html
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3. Concept Design 3.2. METFE SR> 7 v VEHEO T —2 70—

o RERILE
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o HE
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3.2. BEF% HGaEarrFoviElfEnou—o 70—

HIFERIBE R G0 CGIZH K BN, B a > 7 > Y HilfFIdEH X 3.2(a) ITRT
LSRN TITbNS 38,39, KELZEBzH»rN, TY Tuxsvay, 7
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3. B RS AT L DREL
SERUZME I T UVICHE U -BEY AT LA REET B,

18



3. Concept Design 3.2. METFE SR> 7 v VEHEO T —2 70—

(a)BR{R%R (b) & R
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et & il 5 O FEHR I BIEIC D W BRI RO 7ZDIZEETH L0, £ PIC

Lo TR T — RIZEFEBENEENRNZD, AL—K (IF v )PV KD
Ty T THELESZFE LV, MEOHEIIEVTIE, ERENRE D EREHS
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135 SRRENGEPRBAKD 5 NS, MEHEY AT LAOBEIZEWTIE, TV
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3.3. MBEINGFE

3.3.1 HE

fEE NG, T IE, HM 2 MG L - D B EB I 2 VY &2 W TIRE 2508k L. M
DIzbDT—REHFETEITS, iROBEELEHAMKC, 2o¥, 77, L
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Hm DT BBEND B,
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