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/a/L}BL\“C &, 2FROFHSKIZE LU TAKELSFEEZAITAMEMALEH S, ZD
E D BBIARIE, AR—VEHICB W TR MUOBEDBFELEDED LD 2@ U
THWEZBHILRR LD D, 2FPREIIBVWT, He UTHEITL TWSHRDRK
D ERYOPEEHINDE Vo2 LD512, EMAROEFRII 2z =r—Yar»rod
RETZENTEIRMETHS. ZDEDIL, 1 VEFT 7Y a vERDRT =)L
RKEWGEITIE, FEROAT —UHANSWGE LR D, 2RO FEFHKD IR,
PIROFE K Z T 2% NOITENZEH UZXEOIED kb ons., 2o



X512, 1VRT I avDEMERDAT —IIZ LT, fllx ANPKIBH CHEE %M
TAERIFERS>TED, ZOXDBAVERIT Y a VEREOEWIL U TS
REMPEPLBEO-ODT Tu—F R >TL 5.

LESNZIFROFF OMALE

HHEEHMOFEY, oY VI TS A, ERERT NN ZADFEIZLD A
il THE) (ITRERINEE% BIERZ N4 D TIEE - HETE 5 X5 1k o 7.
FO—HT, BEHROIIa=r—Ya v e U EIEROREX, B@ERTE R
g - EEMERII 2= — Y a VIl B I AMEEZ SEITERE > T WD
ZrRiidoB D THE. ARELDA VR T7YaizBnWTiE, Mg - HH,
XF - R ERR L IRE R ) T4 EROBEWMAIP VI INDE D, TDENENLFF
DIFHMOMKE 1T B2 > TWB, HIZIE, THEEHTHE] L WHIEREEET S
HiEL UT, HEMNTFBRIZWATZMGE L TEETI2HEL, [EEFTH S
EWVWOERMANDEREZHIEEL, XFEXRHRE UTHKRT2IERT 2 HiE0H 5 (M
1.2). AIZEDHBEE, HERED LI BRHRIZWED, EDOLSRREEZLTWVWS
DEFF DO 2 ER 2 EETE D L WA D 5 — T, HERIAKEZEXL
BWERPAREINTLUES 750NV — LB EHED. £7-, MINKZRTEERA
MEINTVE LW BED S BRNE, BHREZEOBA»S SR TTER] 0
THY, THHREFEICH T2 YN LEE M, EEHTFORMAMIKES WERT
HBLHEWRDB., —HT, [EERTHE] EWHIERE, 7PN 1o UTHIR
PNTAEE L THIF D HiEE, BHREZEZBYATERMEZEEE L, HTOZRM
Bfndel, BAMECHENEEZ SD5ILHTEEBEMNE J@ébm14ﬁm
BIIFETE2HEDTHE. ZOLSIZ, EEINDEROFOME - fld X I3 H
32T —vavilBI5HTFORMZET, HAVIFMHETFORMARY T Z 1
NY—IZBETHMEZBRIBT D WS BELS, BEIRNEHETH S,
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2200 HE] OFERME

T, AVEI I avDERDAT —IVDENIHDTHZRITTHAD &,
FERD AT —VIZIE U T, TONETED X S MK E 2 FOERER SO RETH
BEMENSBEDN L ST BZ N0 Nb. EROAT—IVH/NIVWII 2= —
vayv (181 TOXNGEEE) DGAETIE, 774 RX—MeEHTHOHFICHELER
ZAITCaAIa=r—yaviEEDBR32 WO BENS, FOXEOT7 Ju—F& L
THIRLE DM WERZ W72 B RENZF O LRI AT EZ 2 /M2 KD,

2 NBRITORIRTIE, ORI REHKOREN, 2 AR & g LT
HETHD WO HELH S, Zhik, AMPEHEMRFUZE TS AR Z F
R TERVWE WS BHIOBRFIZES BDTHD. — /T, EEOEHRE YV
VIEMDFEEDN S, B ANBOFFM G R Z FRICES T S hk2 g R 03
HINTHBY, EWEzNLEZaIa=rr—YarvKBEEWwWSBEL6EZIE, A
BOMKE DS WMERZ FARFAIERT 2B R ARTHELEVZ S, L
U, EBOA YRI5y 3a vOBHIZEWTIZEROBENILR L TV IFEEKE
DEONRTV Y 71285 THWLK EWSRMEDRH D, TT74 N =R, e
7GR & ST ﬂ%éﬂfbi9%ﬁ%$&mbfbi5ﬁﬁﬁﬁ%tté.:@

&5 fiZE D S DEERIES, TIA N —IZHET AL, ENAE BT A2 A
OIFEILNEIIC B HEEZEZ 25D THS. EHII 2= -2 a v itBil 260
FHKPHOETIE, TR ESES A AW EBZ2EEI T2 Z e TEARIN
5HDTHY, TD LS BRERINTBMEMADT 70 —F 2T 5 EHS X T A
DTHA %, EHEUTES ZLDffifizBRATL XS5 BEE2FFD. Z0L5%
BlE»S, EHaIa=r—va itBnWTll, TOENOBENKEL22I1FY,
FHRLEE DM NEH 2 W T RIKIN 2 FH K2R 5 Z & Tl # ADELMEX B FMEIC
BELZTHA UREELVWEEZIOSNS.

1.2 AHEOBEH

AKWRIE, AR 7 arvdi I BERODAT—IVE, TONHTEEINDS
FEHROMBED 2 D0 THIE] IZEHLT, ABELPBIFMIZORIEZ 2K
BT 5B HROBNST2ERZLZEDRRERHNTH D, AIFETED >

RIZIERE IR DTH Y, TOMINIIREZ BB S, S DBE, Rk GHRIzHE
DWW DBRELL 72508, RIFETIX, 1 VX507 avDEIBZEERDAT—
WHNZ, EBER 2 DDOMEDMR IR ZRET 5 I L TEOMHDHIEIZTF ST 5
ZEeEHKELTWS,



o HFDEHREZ L WR<MBIOONAEREY SV IFEDER
o N2H&EEIE LT TRIFEMIC] BN 57D DKM ED 5 %5 DR

1.2.1 HFOBHRELURSAIHOONAEABREY YV ITFED
IR

11 TOREERE, 1V RT7avFRDA T —URNIWGETDII 2
Z—vavHBIIEIF RNEEE LT, WETOMETE B OBREEDE NI
HEONWT, HFEORMMEL ELSBEWE WS IHEAH 5. FOMREE LT, T
VEER®Y =¥ ¥ )V VR OB W THFOIRM (B — X)) 288 U CTRE L
THITEEMZBOSTENSBIREINTEZ. LrL, Thong IFERm Iz
KHI N GRALRTENCHED L DAL L, HFORIEEDNIZEEARA T
MEMBEIIR->TLBbDeE2ONS. BEMFATCONFEDOFTAIIES BN
B2 B THFPORIKPERDOEASVWEZLEL, T 5 DREBORHNIIEDNWT
VRSV aviEEDDMENED D, ZOXS> 2 AMONEIREZIEET S 2
EMTENE, KOMHETORPAMiEZEDZIIa=r— a VHEOFEBIC
FHTEL., AHORNE2HEETHHME LT, RIGRM[75] FO AP EZRE
TAHEREFHLUZE DD B0, ERERD & S5 I NP EERE U272 WER
ZRAWEZT 7u—FI%, AEOARL (NERIRFE) ZAMBPr o R DG FIITE LT
FHTE 5. KZETIE, 2O &5 2 AMOERER (MAER) ZE»S 1
VU TAEMIZERL, 1 VY& 57y a VBT TORICEL ZAFERET
5z xHET.

1.2.2 A4d2EHE LT TRIENIC] BAB-ODFMZEDAE
5 OD R B

— /T, ZABTOEMRRIZBWVWTIE, FHLELEFETOIIa=r— 3
VERIIBIBHENGEET S, A PEATE Y, RMTHHMICE VTR,
NINFGIHEAADPEET 5 Z & THDOTEZTN A5 E KD, B DSN%E
HEIEDZLVWHSHUELDS. TDD, ZABMTOERRKIZENTI, 8L
il % ADEEME UTORBNDE T Iy b 74 —L%2BHT I VWS 2L EIFTRL,
ZTOIEEL LT, EFE UTEE IR ZZEENAMEEZ SHDH D L 5 B HEOE
DAMBETH 5.



AT, ZOIIBRALPEFTES ZLIZL>TEENE -1, R,
flifE % ARFE L T TRIF) & REL, A2PEFE LT TARNIZ) BB (4
HIRIRIRS) Z Rt T D HEMLBOED fiE2FZ L. KL, ZANBA V2RI ay
DGHEIFATEEDRENGENE L, TD LS 2D EH WL TOERETHRIZE
WTITI7A N —DBUSTOEEBIEETH L. TEDFHRYE V> v 7 HfiDF
EDS, AN 20—z &S\, 8% N DOMKLRE G % [F R 12 85T
5&%%&%<§%b1m5.:@;5@&%%@@%ﬂﬁﬁwﬁ®ﬁ@®£%a
77O —F L UTASBLEREVIGEINDD, TDO— )5 CHEMIZ X 2 EHDOERIC
B 2aNd 5. Bz X2EHOBRIE, HADE Ib@m%fm§ﬁ1ﬁﬁ
EEAINTUES ZEZTNHREMETH 2D, 1 V2707 aryTHA4 v ON
PHEEZE TROENTWEZ L] Do THHEARNMEL 5. EEHNAIFZ
T B2HEA L EEZEZ 5 ETIX, ZOHROMEZ A N—RILERDZ L&
ERETE M ANRBEL S, ZOBAPSITIES 28504 NOMKLE D &
WEHRDY v 7 e ERE, EBRIOREBORKFIERIZANT Wz LTE, %
@%I@@%Li?ﬁ%f%%t%i%%é F72, NEIOBRHEES L WS Bl

ZIE, ANMIZHEZ ABOMREEHRE2 TR THET S EDNETH 720
ykﬁxm CRIZ B W TIIEERE 2 W TR 2 BT 2856034 <, % ADIRR

A& R U TR DR DRI 2 L5 Z &2, AROERNITE) % (e S
5IZATEITEME R T 0 —FLib 55,

ZDZens, REICET 2~ N\OEA#MEEZER L7 BT, RN KK
WZBMERETE S &S RIEHRSRERICBE T 29213, SEEICHRRE U 7= Rk
DHIERAD FEEZZ 5 ETEELREWREZRD. K% TIE, 8% ANEOAB»E
WRIHETHENDORENEH THEEET A TE2RNRE U 2@E LT, 3% A
BRIy a v TBOEY izEZ5. EFICSNT % NP EFINAIF
DEHRIZAFTESEBLUTWANZIDOWT, 2FIZB 3T MOFETH
HLA/)AY RBEY—[100] IZHEDIL A E R A 2D, EMNAIFRZEHR T L
mAHERIZEALT, TEHNLEOHMAZERT 5.

1.3 KX DK

AF X DR E DA ISR

o W1 P
o %25 AHMOWEHEHET 5> 2 7RO M
o 3% % B OH AR EIE



o HHAE FEWFEIIar—Y a v aENRE LS ABHHE R RO RS
o 5 fKhim

ZZET, BIETRHRERELT, MIERAKIIBITA2ERY, KRXTHD BT
AHEEE HIZ D \W Tt 7z,

HOFTIX, EERDAT —IVHPNIWGEDIIa=r—aryHEIcsirs [
FOHEHRE LV EL D -OONHEBRE > Y v ZFFHEOER] &5 HEICE
U, —¥REEANDON AZMEDRWIEEMZ AT, NOREBIRFEZ FHIT 2 #
fiie LT, BAEMD RGB 1 X T T S 2 MG 2 R U 72 O fBGHT TRz
BIL Ciimd 5. AR TIE, HEAmBEEEZFHIATREZDY, FHlEENKHETH
LY WO R AR DS VA LNy FEAWOMABGHHTEICER L, TOEWE
PRt 2 MERE U 70 23 & FHALEE O @i b 2 EBL U 72D flAIc DWW THET 5.

7z, BIET, ERODAT—IUVPREVZAKEDOIIa=r—Ya vkx
WZBITE TALZDEME UT FAIFEMIZ] BB 720 OFMM 580 S5 O iR |
EWV S IEIZHIR U, M Z MR T B H 2 N2 F N DfRE & ffkiz D\ T,
ZDNEBD DR ZARET HEMEZTD HIEIZODWTHGwRT 5. KX TIEZD
FHET 4 — IV R& U TENORBBEEMZROEHTH 25571 7 DBIGICEH
LU, 5 - BlKH, SIEELO—FKE - & - [FSEEREST 2 AT L% -
S EL D FLA ZZFEHNZ DOV THRE T 5.

FAZETRHRRECOIN—TaIa=r—a iZEBHL, TOHRTRAEL TH
T2 THHFERZ DGV R (B RILEN) O R 2B 2 REIZH U T
e A, AETH, INSOMEDMIRARE LT, MEGEFL YT N1 2%
fMeaEsZ e, AMOBMEAEPEMFEREICN U TSN E COBRERS - #231
ZAREE UERII oy —Y a3 vy RBEBAIEET 3.

55 ETIIAMEOR G L O REEIZOWTHRAR S,



28 AHEONEERZERST St
A7k T O) ok

FEDAT — VDN SIWBEEDITI a2 —>a VHBIIBWTEELRBEETH
% HFOMERE K VRS M2 720 ONEERYE v ¥ VI FIEOER ] &5
IR L, ARETIEI—PRIRBEANDN A% LD R WIEEEA 7L 15T A O NERIRRE
ZEHHIT 2 FHETH D, WG S OIEEMMARHE FERICBEL TEGmd 5. K
XTI, TO—E8L UTERERDRGB I AT THY X N EHMUE D S 0E % JE
Bl CEIT B FEIZOWT, 1 VR T2 a VIGHECORMIZEL =Rz -
EEL BT o - HHERET 5.

2.1 B=

11 TORERIZRFEIND FEDINS WA VR T aizBnwTid, £H%
W e UGa & ik U T — Mz, HMF & OB 7 sissi e 235 < BAH T H
D, HFORMIZEEZIA->TA VR TI I avieEDEZEVWIRELEDHL. TD
728, ERAT— VAN IVWTIa=r—YaizBnTit, HEORNREELE
T D EWSEIRIZEOIED M, FEHIZRELIKDONIH A TH S, AiRD &
12, FRZ Z ORIREIE, SEEZEROENR, EEERORENPFKE LT Vil 2
27— aviZBVWTRINS 25D TH BN, B - EEEMIZES 7,
HEIZBWTIIHFOEREZILET 2, BECBVLWTIEMTT I VWoz k5%
Ra=r—2avEBEOH D LD, EREEDO-ODOEELRIEH L 5.

—H TR, it oY v T OREP L M T OB RS, NFEODEE
RATENER A FRICERT 5 Z2DHREL Ro TET WA, HREHRP T A IFH
S5 NHDOERET 21782 0T 2 FiE (21, 18] ®, ZhoDEHREM NS Z L TA
MORIECITEREX Z 2L &5 &35 A 81, 13, 75 BWEZ {fThbhTWnwd. A
MDD WS HEICEHT 5L, BE»S 52X 5NBEHRO AL S5 ABD
WNIHEREEZ 155 &\ 5 ZHIH (Passive) 28 ik L, Y U2 AMIZH L THAUE
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WEHERLU KD L9 2RI (Active) R HIED 2FEHN H 5. A&, 178 (RN -
W& - BHEHEOITHE)), FEEE (RFENA - 8 - BE - B FoANMVPRE T 21F
WASHFORMZESRL LS5 &9 2 HEMNEY L, AT U TEHMAKRDOES
LOEBENRELBREE LEWERE Y Y v I EORETH S, — /T, BEHEDRE
e v o v ZFFREICE, METEHRCINEE, B O LMK ROGH, M
£ B H R [40] EIREH & LTHEIT NS, s DAER, AMPERERIC
KHLURWD, RABRWEREZ 2V TIZL RN AIZEOWTERLES TS
77 —FThH5E. GRENAZES Y71, BERBRIZRERI NS AR
EHERICRIN LR OWNERIREBO 2 b 2 R TE 5720, ZEINLEY YV TFIRI
AR CEELRBEREDEBUIFLETLI2HDTHIEZONS. — 5T, oY
DERANDEEIIFHZE G U CTAMZNITTUE D IED, FHIHREADN AL
UIZIESRZERTAZENTERWI NS, 1 VAT Ya v KBEOREAILE
W DIGRZER/T 2 FEE U THWAIZIIRETH D 2 WO ELH 5.

—HT, ZOXIBRADPEEMIZRE U WERE2MEEDZHN v
Fiffi#FHAT 5 Z & CHEMTHREL T2 AENREINTWS. 20122 LT
RGB /1 A Z W4 & OATEREHIIES [64] BT 65N b. ZDOHIETIE, DED
FIENZE U2 MR EDZLIZE D Lot DMEs 2tz T AR LT 5 2%
Z2T, DEOHEIEHREESLLS T ET Tu—FTHS. ZDHIEE, AM
DNHAREE L W S R B RSB TE et v (DEME) TUIERSL XD -5
-G H%E, ANHEONRPSIRELR UICZEINICERTE S, 20720, MiEHFED
RMZEETEE VoA VR T2y a VHEBEOMHAIBWT GG TE
5. —HT, AFRBZBVWTIIBETIZH I 33ENIETIzREL, EHFIZET
L EHRENFEHEICBWT A REER Y TV R A LR Uz ETEET S Z
CRBRIZB I THELEORETH L. DD, KRIFETIE, FEAT—ILDIN
IWGEDIIa= =Y aryXRIIB 2 EELRFEEE LTO [HHFOERD
[ER N - ) 2 FEBT S ETo, LENRERESEZERTL T Tu—FD 1
D& UT, ANEOWHDIRAEZ FEHE - ZAMIZERT 5, BEH» S ONMAZGH
FHEA VRT3 VEHRIANSHAREREALBHEB LTV Z 2 HIET.

2.2 AEDORREDERFICET SHEER
BRRD & 512, Hlt v v FHMiOFED LM Y DOEEr S, AEDE
ERTEIE R ZE FRICERTAZEDHEEL R TETWA., ZZTlk, ARDIR

RRAERTIY VY VI RHEIZBELTEO 7T e —F 2 F &, KFEOLIED T
IZDOWTHhR 3,
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2.2.1 ABHINEEMICKRET IBHROES

AR D & 512, AHOIREZEST 5 FikiE, AMVBEEIN - EEIZERH U
BHE SRNCEST ASEIN R Y Y IR, ABAESRIZERI L 220N
N 7228 b % 2 v HIZ BN AT HE D W THES T LB v Y v I FREkD 2/
JIZREL DI A ZeNTES., ZZTR, BTEDANBPEBRWIZRE L2 ER%E
SRNERT B U TFREIZDNT DB L R DOWTHRAR S,

BRIRIC & 2ITENIBIRDHETE

IV a—REYaryORFIZEWTI, AP ZE L CTRBEORNZ MR
T & EFRRIT, BRI D ZOEH A @ U CEMERE TR O EBLL
DL WVIHMADREEIDZ>TITONTETWS., ZD55H, AMIZEHLED
D& LTI, 2001412 Viora 5 2354 L2 o @ CHlZ ML $ 5 713U XL [87]
ZHIFE U COARE, MGz b 2O A OIAL O [86, 27, 21, 89], M L 728
MR ZE W2y = 2 F ¥ OHEE [47], Y= AF ¥ Z2FHL 72 ADOBEIREBOHEE
88] %, BHARY FZIFZUDETEIA VXTI a v HEADISH B3] 55, R~ 27
FMIRINT V5.

iz D Z O A OEAL OB IZBI U T, sl - IERERHEE 2 e 35 %
DEUT, RN~ —0%E2 GRIZID T 725 AT ABOEA 2 HEST 5E—
avIFy TFXY VAT LANHEGIIBVWTELZHOWLNTWSIED, RGBET A
MG Z CTEAT IR D EHATZ ATHE & 3% RGB-D & > ¥ (Microsoft KINECT[89),
Intel RealSense[4] 35) Z FIH U 7= ZEHE BN ORELBATH S, —/iT, Iif
TR IS OEERHEEE ML T2 7 0 —F THONZHRBEAT — X %2F]
AUZZBEEFEIZED, RGB A A T4 [21] X, ik - BHiD D 5 WG 5 AfH
DZEBE BT 2 HAMZET 205 [35] BEAICITONTE D, £ DBREIZE L
T, RGBH A T DIFEHRBDANS AFDY = AF ¥ DBRHEDNFEL > TET W5,
BIMHIZBI U CTHFBRIZ, RGB 7 X TG &, BHMALOREAZ KD 5 FHIKIC
BT 2EVPEZL < H 5 [18, 16] 1ZH, 2D Buffd 5 3D 22/ LB 1) 2R DAL
BEHET S LT, HMEY, SAREZHEET ST 7o —F 18] bigEINT
W5, F7z, (EREREEGY, B2 NG D E§RE IR E U RBHE - B
ity [21, 33] ICBAT B MEE L <RI NTWVD.

$72, NS ORBEAD S, WBITHD ABOEEPHRI AL &5 L T2
RBEKIIZ S REINT VS [30]. £, Beff & B B L 2B » b
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2o 2T =200 ZOEMIZE S HEXEHBIEKT S WD, EGLE L 5K
B RE L % L A G R 72 VQA (Visual question answering)[14] £ FEHEN S X 2 271
W57 TH—FITH U TEBATIHEI TTONT WD, BURIZ X 2 17BYIE i E
Biild, BREICE T B MG ROERS 2 FRICER T 2 AL LTRIHTES Z
s, Y—VEOFEE UTTIFIFFEICEMTHS. LL, AAT 2ok
FEE T 54Ny —OREDRH O, ZORMAO NGB U TIdmRk 2 Mg
EncTwad, 72, BREFEZOETNVR—ADFIENLEN Y 2 A 5T, #
BT —RDFFONA T AED AT T —DPALE AR 25 SIS TAIOR
k] BT AR E TV S [61]. EEL S ORBTHE SN BEHRDZ
FREWRERTH Y, BWOT I —2HET SHMAD, FEzIGHTHBICE
BT ABENRD D, THOVLBMATIE, 22—V I RATFLDMDA VRT3
Vi, NEEHE VY v B AT 7 R E BT, a— Y oanERE
ERLUCHEZBRT 21 D2OFERE U THHETE S HRELD 5.

ot Y EMALKEFE

Mgz R L7 ABREBE v v v 2%, PRI CEREDZ I 06 ¥ — VHfRIC
FHTHBE—H, 774 —IZHT2HEN S ZDFHDMLGIZET 52F @AM
Wr it INSOMEERT Y Ta—FL LT, FH - BT —% - §H
HEERFOHWERZ HWCABOREEZERT 2V Y ITFERH D, 17
EHWZEHIZ L 2 IEHRERIX, TONRIZED W T ABOER % HET 2 EEN
BT Ta—F L UTCHHATE S TR, B - IHFICE DT ABOERER
REAMHEMICHE T2 TR U THERHTE S, — CHGIGHRIFARZE LM 2 R
T2 WHIRIEE D @S WIERTH 0, EENREEMEX ND T F AN —%22EL T
LESYVAZIMERF B EbE TV, BAME2EE L ZRERRICIEHTEZ S
e LT, SR A HEZ LIDAR (L =Ygkt > 4) , HE - RIEE X V¥,
MR Y (IMU/IERE - v 10 - HIlER) E039 5. ZThoDerIns
BoNBEHRIE, HEEEOHTHECKRL CTELEEZEZR LS X TERROZ/LPITH)
Wz 52 FE e L TRHHATE 3.

13



2.2.2 AEHINEEMICKRE LABEWVEROES
Bt oA BV -RNEREDOHE

ANEDERENZ R U R WIERIZIE, ERERO LS BRASHE LA RNWE DX,
BEEHED XD ICEZBNIIEKET22005 5. BEREEG2IILDELT, o
DIEHRD EFEE R FH A BB ARG X, — MR BRMZEE % LS FHATBE RS 23R T &
NBTr—ANL N, HlzZIE, MO=a—80 > OiEEREEL KT 2 %X, RO
TG 2 K 2 AL, DB OIS 2 KB 50 IE R ORI X, REREIC
B E A L, SIROEE 2 AR T 2EMEZFHT 57 o —F (£ OMRE, B
B Y, DEXENHEYT L) BEEHAINT WS, £z, MEOFHNTIE, I
BERBERNIZEET S Z L TMEDORNGDOELE RE HEPHeoNTED, Z
H O HIRENPBRERFETH 5.

DATERIZBI LTI, DERICKS & b PR SR CHEB/E2REL T567 7
0 —F & L T PPG(Plethysmography, YeEABNRIEHIEE)[24) 5. T DHIET
&, OMEDHIENZAE S MEDOBRELIZERH U, BHEEITE D L8O R OGS
WEALE T A XA A — NEDZ A NTERLES>2T57 0 —FTh 5.
LED Z AW TEBERE L GERIMECIREIEDH NS NDE T — AL ) % R4
LZEDKENE 74+ N RAA—RNTRHIT 22T, MEDHEiZE S5x5Z 80
TE%. ZOFETIIDEND X S 1Z QRS WK 2 &L IEMEZODIBOHE 2 & 5 X
52 LIETERVD, MAKLOMIRZHHO I LA TE 5720, 1 2[H7- 0 O
a0z K30 [BPM] X, BRI D OOMAZE)OEHXC, IO HEESE
WZHHT2Z e TES. £z, FEFHEZMHLEZT 7o —FI2& 0 PPGES
W o NERIEE 2 HET 5 FIEOMBLRINTWS. £72, PPGZFHL
7oA OFHI 2 17 5 BT, 2 FEHOSER % 24 T 7B D S D175 D3E % Gl
$5Z & TMHREIRE (SpO2) 25T 2 Z L LS MR- THD [106], TH
SIIFIRIREE D RS WX, FHilam 74 LA (COVID-19) 12 51 % EAE(L Tl
&, BRAREEZKO-ODIEEE L THWS NS,

EAETE, NUREZOEL YOS LU, Av— 74 %EDRGB/IR
S A S HEFALEPPGEHIT L ITY ZALAEDEELS, THNSDEHHIN—F -V
7 hEA— b gy FEANERT SHH (5] FF) WML o225 5. ZhoD%<
X, NVATTRAR=YRE, TURTAAY NEOERER TRV TOR
Mz EHWE LT TV —2a vy Thh, EREEBELG TOZMO R LTD
AMEAINT EEMERFHRD, BEOFERRMOIIED /=D D F ik FB L U TH
FATEBL5IIHR0D0HBE VR 5.
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ARRERIZ, ARIOEERELZ KT 20X =X TH Y, FEFRIREXERZIR
BOHR, EHREBORKECETS JOEE(MD A7 RS, ~VATT7EL0
Z DEEZ T ANOEREM LTI B VTR ELRFAMMEEZE T 2EHRTHS. 7z,
ERERITEFREZ T TR, AYDORIFRE L OBV EEGER 2N E TR
INTE7z flzE, BRRETHONIEA—BOMAEIZIE ERPER SN 1Eh, D
HIZ B O A PER D HED W IEIETH 5 LF(KJE PSR D 4345, HEF (75 7 3 %
D) B IO LF/HF &, AMDV Zv 7 DIREPZIRIRAE, 2 b L RREE K
LT LT reINn5. T/, MAZENCBEE LU 24 LTIE, EHE XM 5
E\Wbi b pNNS0 FDFREDH 5. MKIZBEWTH, al, BIHELIEIXN SR
B2IZUOEL, AFORFREOMIZHHTE 24 2RERH 5. TnosD4%
HERIZAMPENEZ S > TEET LY AF v RENE, SHEERSLRAD, A
HIDOPRERIREEXR, Wb TARL] ERBHAERMTDI s, BKIZXsE
IR NFPREBOHEIZHF G TEHRMEZR > T W5,

—HT, INEFTHRTEZ LT, HEERFHIOEBIT XS ERERZ LS £
VIFEDRBETH DL VIS L. TDD, NEPENED > THEET S
e B0, YHENRA AR UIZARPS 2o OEREREZEST 52 & I1ER
HThs, NEDPEMZS > TRELUAWEREAADLSEGLUFEHTES 2,
R T, B AR R A RO DY, B A OREE E S MR T 2 FB, 21—
NP OERIHZIET 27200 FE L L THHTE 2/ 2 FARICRELEDETY
5. ZD7®, RITERIGRZ FEEMTIHNE L S ST 5 HENHNIE, RERRE
DHEE, ~NVATT, AR=IBPFENOMMHARTE 5720 TR, AROREBIZE
HECTHYNTIRD $E S WO ERED A v X T 7Y a VEEADIGHIZ S GH A
HTEs.

FEFEMICK ZEHRI7 I O—F

ANEBERHT BIERICIE, FKaGPRE, Yo AFvE, BEXZR-> TEEIZE
H B, EERESDO XD BAFIZRHINRWERLH 55, —HTAME
BOEFOHTHRE L TOWARWERIRMICERHE I NSV 7 Fudidb 5. TDOREKRY
2l UCTHEDND L. AEHPERSRNIZIT OB E IZABOREEORES K 5
LINTEY, HFPLOMEGHIZBENT, HEOKXY D PHFEHFOBRE & X 1
SVINEMTAEZEPHOSNT VWS, TNHDRBTEHILIE, BEDXA IV
THRHFEHTFL DA VR T 7YayDENDEESWIZ & > THERMICEGI NS
EWOMIEHTH D, EBRIZ, 332a=rr—raviZAHHZEULEHHAARZ bT
LJE (ASD) i Z MG LTay T U YHG2 ST 2O E X1 I v 7 &5

15



T 2EREPEMMU-E A, ASDEETHEVWAZNRE ULZGAEEHIELTEER
ZE IR EORPIBKPR I D ERVwe T 2HEND S [101]. B EOFHHINIEHE
f a2 G 52 oY 28285 U CRIAZ1T S BEOG X, MKD /1 Xk % H
Wz EHIUGEA SR E RN IR X 5 D3, BAM A A 5 OEEMUR D St 3 %
ZLBHHHETHD. 2D, ANHOWHREZIMBPOEST E-DDFE L L
THRHATE2A[EEMED B 5. BEH L T, BEADKE JIZIAROFEZEDOKRE X % [k
THZLEPHIONDIED, —BROARE I N L RINETH DRG0 RGN 22 L2
DEAL, TNO6DEXZR7ZTICEERMICRE I N ERE VWR 5.

— /T, ANEHIZRZBRWMABHREZARAPSER LIS 2T 5AABITOATY
%, DGR E M TES T A AL LT, Ry TS5—kr¥PvA 270z
FMALEZARAE, RGBAA T 2FM UKL LGED 2EEIEERESINTWD., §
FHOFEE, MRZHLUTY A 7 ulEzBB L, £ OMERKHN KD e 5 Z
CAZ Ko TOMEDIAENT L S Wl 2 KB 2 L 2 i U, DG S 25T 2 (A
TH 5[99, 79. AFEEIE, BHRRBENRL, T30 —1ZFE LU 2 HJIE D A §E
THdLWIHEEREO— 4T, HHDOGFHUBSRZBETH D RENIIEF T T
HBHEVWIMENRDSD. RGB I X F2FHUGETIE, PPGIT X 2EHI & FRk
12, IMAE OBRFREAACITHE S BRI DOBRBEEOIRIN - KR D ZAMIZ S U 720 72
RZTT () DBALZ A A=V Y FCHEMBORRINELLL LTESZXEZ
TMAE S ZHET S [64]. ZDHEDORDFIRIE, REHKDRGBAAINOLD
FHUAREETH B Z L THD. ZTDOHFHIY AT L ORI LM - FERTH51F
D, RIEEDMODFHIE — KN & —(KIIZFHTE S Z &, HIFEE T Tm#
EDOMUGET — R0 6 DRV WRET H 2 MO FEIZ B WRIRTH S, L,
PPG (2 K A5l & B b, B RHFICREDEZFHATAZ 2, voH e
BRPEEL TVWRWZ E2ERNE LT, BondMAEERD IZIEFIZMIETH
v, FOHEIZIZBIAZAREE) ) 4 AANDORIEDRBETH S, FDD, V&
S 7Y a VI CRIEEDMDE — ZIVOEHA & Ak B AR5 T O EHEN R
T5-0121%, FEANRELRBRETHS. KIIETIE, 1Vv&XT7 7Y aVGHEICE
i B IR MOBGHI TR Z2, EHFERRICE VT, HEE - SEICEET D
LTHRTBZ LT, RiFEDMYIEHIEL TWL.

2.3 ERBRED L DIDRFIRETE

KAWL TIX, AHOANRPREZ ERMICERTE S, SIRNRENEDR L1 v
RZ oY a3y FEET HRRARIGHICET TR G5TE, L UTH AT 27
5 DQOHIEERHEE FIRICB U Tk 3 5.
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2.3.1

RGB A X 2 =R W DMABEEF EDRIE

IR
S BB 514 B (LED) e mmp MW
VA
/. REHE
/O (xEE - hEoBEEE
/ LU RHENEDS)
g B /
/
\\\
\\\
BAGE

2.1: g0 6 DG DR

Capture face video | Capture skin color | Extract Heartbeat signal | Calculate dominant
Detect skin region. | change as 1D signal. by signal processing frequency using FFT

ol

Raw signal Heartbeat signal
e IS 65BPM
igna . —_—
’ - . P
Extraction | s —_

2.2: RGB 77 A Z Wl H> & OO FAEGEH D Jr HL

2.1 B EUX 2.2 1 RGB 77 A T % F\W 72 DM R HEC F1E O — i) 72 L O 1
ETH 5. EYOIME ORI ONEDIE - B2k &\ o 72186 U THEIZ R
IZEB L TWa. MEDEENKESWEE /NS WEATIE, BEXRIIT 2100
B EOBERS (NEZTRE V)BT 5K - IRIEA R O B2 82K O NS
BT B2, TOMERODOEEA A=V Y ETEEL, HRMEORR
FIR7 b UCEHIT 2 2 & T, DIEOHBEIZ 7 A T 2 AW CIEEMTES TS
5. ZOHEZEOREZESDEMRDZDHIZ, Viola-Jhones 5 DFEEIZ U H L
T AHEM AR, Lucas-Kanade-Tracker[49] 5 D BB, & 5 W IFEAMHT - FEUR
flity - 388FD 3 D% End-To-End TA7 5 BORHEUGEF Tk (SCHR [18, 15] 5F) (25
O < S OB AR EN B GE DL,
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J1 A Z R SRR T E D0 E—MNIZIEE I TH D, 1 A—Yk Y
PIZ K o THER U 2 BRED L DR RINEAZ Z 2B WTIE, BRI AT)IZ X
54X %% E0. 20D, BEDPSOLIEHROHEIZEWTIE, /1
ZILIRIZ D G 5T OB UEE AR T H 5. DMAE 5 ORIz I,
NV RNZAT 40V RORAEE, FE5RHEDEIZE T BRI D Wbk~ 7l
FEOREN DD (T o DFEOFMICBEL T3k d 2) . [EE50HIC & - THl
HU7ZDMAE SR ITR LT, @l 7 — Y T&H ((FFT) % @M U T AT
ATV, TFEGAMZFRE TS Z & TRAMIZMIBEZEH$5Z A TE 5. O
LD M 2 1 & — 2912 BPM(Beat Per Minutes) & FEIEIL 5, 1 43I o [HRE) A
BHoleMERTHMAPHNSND Z ENL WA, M [BPM] OEH I IXMMAES
FRAIZ BT B FER PR [Hz] ITH LT 60552175 Z & TRATE 5.

2.3.2 FEEMOBBHEEF LIORE EREDERE
FERERL DI EFEDES

ETAMED o OIEMTOOBIECHRETH LS L2 HIOTRLEZDIE
Verkruysee © [33] IZX BHUDMATH S. Verkruysee o [33] IZIMMEDEFZEALIC
Mo THU 2 KERE D KN HEDENE BT AMRIZH 1T 5 EEMEORFFZ G
FEUTBETELILERUIED, BEDR-G-BD32DHID>5, G
55> DR RINEAIZ DMAE S DA PEBSEENDE T L EZHS ML, L,
U T AWURIZ BT B EFEEDORHZAE 5 R ME S E D 721 T <, BhE R
ZALIZERT 55D/ A X2 a0, TOEIMAUESOHEEIZHNE Z L
W TH > 7=.

D7, HEZREOKRMZEMETD oEFUME W TLNMAG SRS % 55t
BFENVCOPREINT WS, FERE LT, AEBETZ V2D v, ERK
DAERAVEEDEND BN, RENREDIE, 774 v NMEE5HEDEE (Blind
Source Separation,BSS) Z W& DTH 5. 725 TH, MV 7247 (Independent
Component Analysis, ICA) ZEBDESIHEZ AT & UTHEDE SIS
2HL0T, BEMEIIBVWTEZLHWSHNT WS, Poh 5 [64] 1%, LRSS %
AW CHZEDRHZEE S 2 G S &/ 1 AEEANMT 22 2T, EHEZ
LU 72T AMEN S MAEB 2T 2 FIEERE L. ZOFETEHE 7L —
LT BIT BEMRHIC & D A BRI U, R,G.B B Z & i A D IRt
ZAEBZ KD, BoNT=3 DDEFSE AN LU THNRS A Z2iT> 2 2T, M
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D FHERED LIS
Tan || BMzEEE D) ‘G 0| Tomik
= (RGBRLSTE) E

Red trace Component 1

=l W e
- R R LV OY

Blue trace / \ Component 3

- Tl d o
- --_: sy - 1{ 'h'w‘%‘""ﬁ'fﬂd'”"m' v Wﬁ’“"ﬁ“"'"'
=,

(c) (d)

B4 2.3: HifER A S DINL KD 0 & W 7o Etil ((64] & 0 51H)

BEESEMET 2 (K2.3). £72, #51E, BOMAEKIIENT, NV FAZXT 1)L
R % T2 - IR - DA B OHEE FILBREL TW5 [65)].

kwon 5 [43] 1%, AV — N7 * VY THEINZE T AMGETO G B0 O A% W
T EHET 57NV T AL ZRBELTWS. TLUT, KT DOAZ AW
BE1Z, RGBEAITARTCEZMALZGAE LB U THEEN M ETLZ L 2RUT
W5, HEGLERIZ XD DICER T A RE 2 A, MIESEERT 5 FE
HREINTWVWS (17, LU, TOFEREFY 77—k Y E2RMELLZFERER
FRIZAE OGS Z M U CMAE IR Z T 5720, HARIZIEIZ—F2F LT
WBZEDRERMELS., 2D, FiEE UTORHEH? RSN S.

INSDTETIE, EREWBREDHIELUZBRIETT->TE Y, FERIETEIY
5 B DE) E CHIAZLIZ X BFHIINDRENREZ R I NTWRWL., 2072, Li 5
[46]) 1&, SCHR[65] ZUR L, HERBE N COMMAICHEL 2T EERE L. STk
[65] TlE, IETHEHMHIKZRE T 5 720IZ Viola-Jones M 85 [87] ZFIHL T3
DS, VEER D [AHRSE T n U CIEMEIC IE B 2 B § 5 Z L IR TH 5. D
=8, 5 ITEHORBACEMTIEZEAT 5 Z & THEEH ORI U CREfdiZ E
BRI A B T2 L5172, 72, DMAEENEEEICEHITE 2848101,
ZDEFITRAEEZ > TWBE Z eI NG, ZODHSI1E, X241TRT
EORESRREITA Y MZHNEIL, v A Y NMEIZJERBIRF 2175 2 8 TIESD
ZUWEMGET 2TV T) AL E2REL, E5HOHE)E DK SR Z2RE - BRE
TEB L5 U7. £72, HEZI DD KR EREBEEIZE W TIEFHHNIE LUK EL
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WEEZITHZ ENHEHIEINSG, ZD7-0, WMOITEROHBL I EHRE2FHL TR
JERMED S/ ONTETLR SN L EEDOELRET 2 FEZFEFL, R
ZALIZR U CHEBICEET 2 K DI LT Wb, 72, DMAZEOEHIZAER)Z, O
HESOY—2 2R T 2 Z L 2lA-FELHESINLTWVWS [31].

Hassan & [32] (%, BHOEEES - BANH % 32 MO HEIL 725 A T, &M
Iz W Tz —7 Ly MEWIZESL 1 XRrEERITO 2 & TMUESTKRSD &2 &
HLU, BoNEESORIREBEMNICEH L2827 5 2 L TOAE - Iz
BT B FEERELTWS., T—XR—2% H\WEER - HEBREFERD S ET
i ERIZHEETH S Z LRI NTWSIED, 10 BIEE OB WG S 0 &l
WAITHE ZEHWRINT WS, FEHSITIRXNIZENT, BT 4 DEMEI G
KEDOEDZE M ZMHI L, BSSICHEIKESAMOBELZEL T I LIZEALTE X
LTHED, BSSITES RN/ 1 AREFEVPDZRNT L — LI X2 0AES5HE D
WEZM XY AR 2R L TWA. Haan[25] 5%, 71 I F ¥ AR (A
SONER) ZRAL, KEREOGDOE|EZRET S LT, WMEEERS I
FBEDETIVERE L. 70 -y ARBITE D EFEERIUE, BER» S DL
5> DHEEIZAMAER T 2 AN E X SN b, £/, Wang & [91] 1, JZ 5
FOZERHRR > 22 PRI Z D MABGHI 7 LT ) XL 2L TE D, L1 S
[CAR—ZDFHELUBUTHMTH L Z LDWRINTVS.

WMETIE, BERIZETE 7 -0y, BEEESESENREZ AT LT,
HEFHIZHE DV T End-To-End TOMAG B2 HE T 5 HEIHZ K REI LTV
% (23,92, 45, 60]. T —XX—RAEHWZMAETIE, 5 DFEIFERFEEZ K
E < ERZHEEEEZRLUTWED, HEEREREEEH T 5T IVIIELEMTH
DFENKNETHDEZ L, FH-T7—Xky MILBEEEZZIITLES Z X, i
RIZZED) Y — A2 BEL T HRIFEOROBETHL L VR S.

A A T & B ATER O FEREMEHTIE, O DA - IEIREEE, DY
LB D & 2 k42 2D IRAGIHIITE 2 2 e Do TWE A, I LITIAT,
POVAF F ¥ A — X CTHHAFREZR T & 2 R MR ZAHIE (SpO2) DEHHI % B
U725 (74, 34, 83] X, KD DAL T AL Z25HIIL, D7 (IREIEH
IR, Pulse Transit Time) 2> 5 i+ & OHBEAZHE T 50587 T WS, K L
5 B9 1, AF - ERZEER UGS S IRBRIRRE 2 5k, G - [ME - i
EOMBEZTEL 2. IRBEEIRE & S ROBIZIZHBEDNR S higd - 7203, [iE,
iy e DEITITEWHBEVR R SN T WA, 72, BHS [77] 52V IV ANFH%Z L
T3 20 AOBEREDE T AWGED &, RIKD Y — 2 OIEZE - fHAEZEIEL,
MRz > B0 & K& T IREACIR IR, U2 > BT K o TR S 30 72 WGt A I 22 )
EDBEITo 7. fERE LT, BT AN S5F 5 N7 0HIE 5 OIFHZE - (7t
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2 e MEZAFOMIZIE, FEHOMALZFHINZ WG E TS W IEOMBN R S
N, £, FHEE LU TOESOREEZ AW GG L LT, ftHEZ W
GEDHNE D EWHBRREZ R U, o ORI RIE, T AEEg» S,
DAL - DIEF OHEE 2T TR K, MEPHIREOHE TR TH S Z & 2R
BIELHEDEL>TWVD.

MR D BGEH R R 2 FHWAEHIIHO T 7)) r =Y a Y IRESI T WS,
Jiang[39] S 1%, # A TWUE» S0 E Y TV Z A LA TEHIT S Android 7 7V
T—TavEZERLU. ) TIVEA LAOHBOEHINZIE, T X L0 EENE
DR SNDBH, ZOT TV r—2arTlE, HLRSAoRbYIZhV~ YT 1
WRERWSZET, VTNV A LU ZERL TWS., fiiz® Kk [65] O 7L T
DA LER=ZAL U WMABGHIT 7)) 77— a U siilR{bE T3 [6, 67).

FEEIT K 2 O ATEERE TR 2 G HE S I D S 5 72 O IR 72 MG 170
NTW5B. McDuff & [55] 1%, ¥ T AW SEHAIU 72 Bl A SO0 AEL - DA
g IR GFHAIL, TOA ML AL OBBEEFABTL 2. EEBRTIE, 10 ADH
BE R A A 252, BRI A IK - LFREO 2 BEHOEM G 2w L, ©Z
NoBSNAREREZ LU, FRE LT, M6 D&LHIT, XATETH - %
FRFDM T, DMABUCIZTABAVR SN o 7208, IRECR MMAZENZ B W T
I, XA FEFRHARA RSSO KERENB R SNz, £/, ok, €T tm
B oD NDREEHEZHKME U, I SVM 2 HWTEERBERIS A ML AD
EiE%E TS 2B E2MER L. EURSRAEIZ X B A N L AE D FHIEE X
5% TH - 7~

BEOMEHDERER A L CADKIG 2 #E T 5 AETONT WS, Burzo
5 [20] 1&, FREZAL - DR BVER - CEMENTO 4 DE2HAWT, ARG TH S
NESh, EIEWEEKILEERD, D2 DD HIZX2HEDHE2 A AL, &
BOBHROEE DFER, HEKE IZRTFH IS WT 92.85%, BHEIZBWT 73.21%T
Hotz. MAT, Holk, EOEHEBDPIHLLFEHLTWERIZOWTED
BTCHEZITo72. TORE, BREOAKOYMEICEL T, MAEPIREEZ Vo
T2 AERTEHRAER S EH U, BIGORBOYVEIZBI L TlE, 2RI SCEMT R < /E
ALTW3 EDFERMESNT WS, Zhou 5 [93] 5 1%, EHEIEHR? S MBS N 2 HH
DEJE - FIX72 & - BEALEAL - A RIGH K OFSNS O SCEMMT - BRIENT D 5,
A VR =3 MHFHEORHHIREBOHE 2 il ATz, BERE EERD 5 GO RO
ENRBIEHEIZAEN THDZ 2 RLTWS.
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REDRE

B 5 DO D IEREML LS HREHI TR IS B I SBEDFRE L U T NDH
WhRZEFons.

o MEHAZAL - ARSIz HE M 72 I 2 D FE B
o VT IAA L - Bk gHAl DR
e T URI Y aVIBHTOIGIZHEL =/ 3y r—I4k

HREAZAL - AENCTREQAE DRI B 5 OMABROEHIZE T 5 HKD
AR L, HBIAZECRE DR EE2ZITTLES Z L THD. EHOEE, KT
FEHEPHZMLS E VWS ZEER, 1 VX727 aVGHERIZBWTEID S S
HEDTHY, EFMIZBELT, ZhodD /A X 2E50BETEH, HHWNE
ESESMZE LTI, WUXBERMETH .

DI A L - BEREHIOER EEEX 2RkDZ—FHT, SGHICEET 51
VRZIaVIGHIIBIIBInHEEZ D ETIEERLUI\WETH S, M.Z.Poh
5DFIE[64] &, TIVTYZXLR—ZAD[FEDELIT) TV XA LTOEE
ZVR—PLTWVED, MEOSWAHEB LXOEEFHEZR—-AL LEZET
VILBIZ D FETIE, A7 54 VTOHIMIRZ B L U2d DA%\,
ZTDED, AVRI I aVIGHETORNMIZEILZEEL U CHEita Aty 5
A VL E EH A RE R RS RO S 5.

AVESIaVIBETOGBICELEZ Ay Y= L2 elE#ELT, 7
TN —a U ANDOMAAARNE U - EANDEEIIATEDOIGHEZZ 2 S
LCHBICEERMETH S, HiE - SHE - BAAEY CEETSZFTRSL,
FHEMEEFH CRWT T r—2 a VEEIZELUZEAY T NV 2T RIA T
FVEEINTVWEZ Y, MAAY AT AZIZUD LT AENE CPU TOHIE
EFYR—DTEZ2E, aRT 1 7 ADBHEAOES%, R RGHZAGEE
T4, 2OV BEDS, M7 TV r—2a v ADEEREE LNy —
MF A v x50 a VAEARBALTWS ETEELREREZFED.

2.4 fRLZ-VIEE - TFREMW
AKWFFETIE, 12T 7Y a3V HBEOREADOIGHITHEL 72/, B S DI

HESEHIIFEZRB LTV ZEIZERZEL. RICTFEOBETH DI
B9 B[, FEATHEEIZE T B2 MR L, 7 TV 7 — a U ADAGABRN
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U7 - SRR GIRE UTRE $§5 28T, R0 3 DDOREDMHIIZILY
FHT.

D=8, ARWFETIFEMEH D T > X L 72 [pr sz W Cfd e JE i
BEHZ flRE L 3 2R FIEOW B ICH DWW TEHEl Oz R - Bodftz2X 5 Z & T,
FRCOMEZ R U 7ofifd - e 0 iBGHl 2 Wae e 35 TR RET 5.

2.5 BRERMERAPOFEREZF AL COHEBHE

JEE - R A JE RO ARG TR 2 BT £ 71T, AR TIIEI G O 5T
I & FHC RIS 6 2 & TRl D 2 WTRE & U 72 ek TIK [44] 2 N — A
& UT, MoK EL - mE LD ke REtT 220 7 Tn—F 25, AHIT
%, AFRTR—AL UTHWRTHROMEL, N—AFHKe UTOHFMMN -
EERE - REIIOWTHER 2.
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2.5.1 F&

Facial key point tracking
and choose patches
in the first frame

R

Get average pixel
value and generate
raw signal traces

N

Using Independent Component Analysis

Heartbeat signal extraction

PG signal Extraction
(Multiple iteration)
L E==e ICA M
A A PG Signal
!1 | — "_\,__‘I",,',-lx_.
= PG Signal
- --~ T :
v A PG Signal

\lf’\""wl,"‘,/m/‘“\.«,\,_n_

Raw signal 1

\\.MA’\/NJA-H/‘“\,«,\,_“ .

Raw signal 2

ICA

W
< PG signal
LA\\,J'"’Nk

A,

Noise component

Convertto PSD
and compute heartrate

Generate histogram and
majority vote BPM

>

Count

1 JSSBPNI

5055 60 65 70 BPM

2.4: T VX LNy F & OB G T O B X

P24 1%, FEOWMMTHS. ATk, HORAREEZFIZAMHET 5

T &T, MOWRIHE 1 X%, L - AKREIZ XS

OB R U 7252 4TS Z

&

ZHREE LTWS., 7, A2 R E AW/ G-I T oI R 2 W%

Bikelr> 2

T, BEMIZED 5 LWRRZEH L7 70 —F 2> TW\5.

ARFIEDOFERIE SR [44] 3B K O [109] (IZHHNA3H 203, RESIZTH W T HHEIK % 3
N9 5. AFEICBWTIRET, HOREURGENEEZ A U CH)E O BHR O M
& EE 24T 5. SCHR [44] IZB W TIREHER & U TR [15] DFEE (Chehra Facial
Tracker) & FH\ 723, AREFZEICHEWTIE & Ol - &f - A AT THEIET 288
gt CTd % OpenFace[18] & F%% FITFIFH L 7.

#7 V= LATRONLHEEED S, R E UT T 2 X LITEEUE O R i
ZARTEUTERL, SRAMEEICN U TRERSIN R EZEEDOL L2315, Z
D%, JEFTHHIEOERALEIZFHIFGE 7 L — AR R TT VA LITIREL, ZDHED
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T L —LITBEWTIE, HAOREAEREDZALRDIERITIE DN TEMITH % /ERS
5. ZUT, Bon=2H75 %M A U CRrERO L REEL 23 5 Z & T, i
D7V —LBXY, &7V —L0RHUSE OMMNEREZHE-7-FF, K7L —
LITE T B AT RO RN ERE 2GR L T v <L

Z D%, JRFTEBIZE T AEZEOEIMEEZE T L —LITBWTEHRL, &FET
THIHIZ B 2RI L BREZL 2R 5. 2L TRONEZXRTDESZHV
THNZ 53 7387 (Independent Component Analysis, ICA) Z#H$ 25 Z & T, 5%
Z2MBEOMD NS S, MY KDL, HEEOANY —AE5OEHRE H
WT, HAOINBESHRAPMIEZE DI RS AREHET A2UMTH 5.
AR ZIPoE0 N5 KEOEZMEOKRMZIMES X, KRIINREFZRELEIICE
NOEEIZERINDE AT I VITERT 2 EEESE, MRICERFINEANES
O VICERT S MBERS PSRRI N TVWEE RS Z N TE A, KU T
X2 EEHOMBEORMEESZ AT UTESEZEREAKS &, MikEks &
WO N U2 2FEOGE SN T 2B 27> T\\W5., #BUEE LT, &
S NTAZF TN U TMAGE S L iR U TR 2o 2R ET 5 L v
REREWILE, N RNRATANR—%EHTEI L TESIIBTSE 1 X %2kE
T 5. RFELETIE, MDD SEL U T FastICA EZFIH U 7-.

MNZR A DI E > THRONZ2DD[FEFDS L, BIEEH L TWAESHKS N
DHESRSZ2ROESTHED, BELULWMESTHE2HETEH-01Z, 8
SORBIMIZEH UHEZITS . E5IC0 U CTRIEBIRT 2170, EE50ad8
T—ART MVOEEZRD D Z & TESVHRVEAHEZRE DL D TH S0 %
ETDHIENTESL., AFHETIE, NT—ARTZIMVOROHEIV—2 228 —
I DHEESTMOREL UTHHLTWA. N7 —2ARZ hUVBEEEOE T (T,
weltch iJEZ2{EH U 7-.

ZUT, ERlOEE4RE - 408k - He B % R A (SEERCIL 500 [A1) 4 DR L T
DHESDEMZ AR L, FEMEICE W TS N EEEDES MESEICR L
TENZTNMABOBEHZTV, ZTORRICEIDVT AN T LZERT . D
DB HIZIX, BIRONT — A7 MLVEEOEHREZFNHL, F1¥—2 k5
JABAL [Hz] % 60 £5 U CHALZ [BPM] IZEH1d 5 Z & TEI L. fEid iz X
NI LM ED ERBEEE KD, BSEE R o T0AEE LB S UL WERRREER S L
THRET 5.
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X 2.5: MAHNOB-HCI-Database _ED#Ejl D —F]. ML EOEFIXLEXIZ L -
TR S5 N7MAE (BPM) 2 £bH 7.

2.5.2 i

ARFIEOMEREREM & LT, CHR [44] Tk, MAHNOB-HCI-Database[7] %\ 7z
FERIZH DWW TFHHi 27> TW5b. FEERIZIX, AT —XX—ZAThH 5 MAHNOB-
HCI Database[4] Z H\ 7z. MAHNOB-HCI Database i%, Soleymani [76] 5 2 E
U T-BIl T — X R=2ATH Y, K3.7ITRT & ke R EEO ANYhmga v
TV e LT\ B ERO IETHEAMME (3240 : 780 x 540, 61fps) 2 LT W
5. 2, WITNOMET —RIZBWTHELERIC & > TEHl S 7z D aE0E A
RIMIFEINTVWSE., EBRIK, T—XR—ZX LOHHE T — X 487 K, 2HWTHd
iz, FHUEPE & LTI, TNTHOBED 306 7L — L0656 2156 7L —L4 ()
30 ) ZHALTWA. FHEOLEKI, BRI CHREI 723G [25], [19] 12
MUTHTbNn., FEEREREZR3LITRT. TOKDIT, M EERE - —FEY
ME, WAENE 5BPM KD T — X DEEEZRT —HEIIBWT, BEFEE L
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# 2.1: FZDdHEH TR O FHIHRS B 0 H [44]

Method MAE | RMSE | Error(<5bpm)
Poh2011[65] | 13.6 | 21.3 46.2%
Li2014[46] | 78 | 15 68.1%
Lam201544] | 4.7 | 89 75.1%
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MFELODU 7R A LTOMABAEBTEDLZ A EE UL, WHHEEDHED S
DREDPRD 5ND. FTDROHAZETIE, AOABEHITEIZOWT, JHEgS 24
FrLoo|dbd 2 FEICOVWTHETT 5.

2.6.1 FRETBUICETAICE L 7= DEAE

PERFHED R TH D NBEE DREZ R T 572012, RIS OERGED
WRIZDWTHET U7z, B RAT R % E# IR 2B, JIE I U 72 58 2 S 2
I TcENE, DEROBRITCEMBRRENEEHTE S, Z0D0FT, AHFOEIZH
ST E Y AR E BRAL DS 3D B D HNT D W TCIHE 247 - 72. MAHNOB-HCI-Database
OB 487 T — A xR e UT, ABEIEIIZ I T B EHARE O 5 P a0 AL IE
1000 s L OFHAKE R 2 208k U, SREHIZEHENTE U 72 8RB L CIlE 217 o 7=,
fifl 2 DRI A LT ECG T — X X D RO 72 DMABD EAE & DFEZED W% A
SEE U TEADIT 2T, SREFEROBEL2 EFILT2 2 TEIES Y 7%
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2.6: (a) HEFHAZEHINZ @ U 72362 DA (b EERTRAAT U 72 3 D DR FHI

7 2.2 RPN - B FHURIR O L (N=469)

ER ] FH W] B
EEHHIPH m8 | #oeRRzs | —3ERE | (<BBPM) | KL
(b-1) EHaE | 500 6.43 11.33 66.4% 0
(b-2) EFE | 500 | 6.03 10.99 70.7% 0
(b-3) J - &5 | 500 5.84 11 73.3% 2
100 5.93 10.81 72.0% 15

2.6.2 FEEODHEBIL - &b

PEANE [44) B L ORIHIOMEETIX, MATLAB R2015b TE#EI WY 7 bUx
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EWIMETH 313, FHEHY 7 b7z 73 E O E A2 E N ERE
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Histgram Estimated:63.0 BPM
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DE—HELTHT Y MU,
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ELHEBEL TR 1250E# b2 EBELTEY, WHMEIZLEY 7 MY o7 il
WD EHAEDFHIN T A =~ VAR ERFEL 525 Z EDHL MR 5T,

2.3 PP - AL FHR IR O H (N=487)
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WEFIE 500 47 5.84 10.4 70.6%
100 40 5.91 10.4 69.9%

31
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X 2.10: V7 NVERA LATOMABG T 7)) r—va v

A £ CORY A ZE L THRE 21T 72 - @2 MAaGHI 2 e 35
DHBGEHITEORERZEAL, o7 7V 75— a v AOMAAAEZEZEB L
TDYTNVRALTOMABOHENA[GERY 7 N =2 7 2FEKE Lz, 2DV T b
U = 7 CIXEHEHE T O R ATHEIRIC B 1) 255 AR & LS 255 DI % M 51
IZEATT A Z 8T, EIED 10~20 B O FEYNAEZ BIRNZE T - RRT 5. £
7o, RS IZ X 0 EAEIS OB S U 5 A T IR AT RIS O E 2 HENIC AT
W, BEIRICUE Z T 5. X 512, JEMASIRICELT 5565%, HIEkR
IZERD PRI N B GEICHIRIOREERZRHAL TR A NI T LOFER %
HIET 52 & CHIERAZZFMIET A2 L TW5. B ORIEEROEHEE
DOHEIZHDOREROBEIROEHRZMAL, MESRMFEIPRIFREBETHIHEIT
HHIE %2 L9 5.

2.8 FEHEFEEE
2.8.1 AEDXE®H

FARDAT —ILDINEN, 11 TOA UV ERTI7Ya vy HBIZB A FELHEY
LT THFEOEHZ LODECHOIZN] WS008 H5. MgErz@E0TADY o

32



AF ¥ R REFEDH AR D TN Z G 5 FIRICE L TRREEZ K ORENVD 5
D, JEAETIEZ 2056 & SIZEAIA A TN DIE 2 OAEEE O B RIE ) % e T
EETHHMBES RINTWVWE, KBTI, HRBA VZI 7Y a VIGHIZEW
TADNEIREBHEE N DICHP RIAD B El e U T, BAESD RGB /1 X 7 Ty
S NG S FEE TR R FHIIT 2 FIEICEHL, A X507 a VIGH
THRALX T, > D EE TR MR R FHIFEANDOR B 2 FE ML /2. KET
REUZFRE, Bz W78 0l & 2 Ot ek RO L H Iz FE v
TEEERZIET B, LAMEOTILITY ZLE2HBLAEZEDOTHS. ZOFiE
X, RIEFEORE) ) 1 XK 2B IZHEMETH D, SFEEREHIZEET 50, —
i CRUEEE BN WO AR T\, ARETIX, THEEFIZEHINCE U 748
MOFHHFIERE UTOEH] B X ¢ NG ZELD AN7zFE0EHElL] 0D
QHEFHDOUGERD O FHEREZ2HE ML, A HERIEDREE 2 R L7228 o
140N S L2 EZBL U 72, AP, RS & Sl 2 R 2 72 kT
HY, BRI -V OBREBOHEY, BNEMELELTET Y-V 3
VEGTANIGHTRERE DT H .

2.8.2 MUEHINSDOHBHEFEICET INERE
BEREDEIEADGH

AFHEOFRELL LT, H12, H4OTFRAMBHREDIHE L 5 7z AL 2
77 FRAOBHAMBRAD 5. AFEOREE UT, FHIICRIR BB <
HHUATRTH S ZEAEITONG. 0k, HEOMBRREDZHZ HRI2H
LT 2R UCTRHARRRAD D, DMAGEFIEREIREOWVEREZ KT 5 E
DTHD, HeOF— X OERUTED =, 19RO RHI% R 0 H2 TRl
CTELARENL DS, T, OIEO ERIIARD FEEEELTHONS L XN,
FEEADMAIE | E T & 5 WTREMED B 5.

BIC L 2 RRIBHEANDBA
FEFRRIEDHEE IZBR 59, DHEUIBE PR DOESWEIGUTLH T L
PRGN TH Y, RIRRFEO R <RI T OB L - BlKE DR &\ 5 72 AD K

HREOHENDIGHARENEZEZ SNS. WP o/ oD L, BIKE -
Bilg - EEEFOREORENMIZBE L CIIER S MEEA B ETH DA, nRy Ok

33



WA REDREZILE L, MWL ThRuEL L TIRE# S 72D 1 DDF37»
DEUTHATEZSAHEMELD 5.

— R RIRHEE 2 B W T, - REEDE—XNUBUIZVIZFHI NS A,
%mb@mﬁ%T»iaﬁﬁéﬁ%zth Rty NTHEINZEDONELL,
RAVE G EFEREOERER D NI -T2/ E e UGS ICBEFEORBRET I
DHEHADPNEETH D — AN 5. KFEE, AR EOREFEREPDLVWI—F %
g e UEEEHINCBWT, o' — XL e iU TERNZRHETE A aet»
»H5.

X254 &REE - 'f’F?%E’J‘\-éEERé FI’LLE%@@#UIE
fEANDHNERIREZEHHI T E A HAMTH B Z 2o, HATITHMS ABARYD A
ThHdh, HEZVIEMGE I T YRT a2 —RIZ K> TEARIZER I N

R TR E EREICHET 2 FRE U THHT 2 OICAFEVPRHTE 5
RN D 5.

DHRESEDMDE— S IV ORBEEHAANDISFA RN

DIHESDHETE

]

N »-

2.11: REFHEEFIHL 72 R-R HbE (DOZ£E) OHeEH

AFETHES NS OAESH» S R-REFEZ T 5 Z & TMAZEIOHEE 217
DSHEMNHRETH S, M211IZEBROHEMZRT. K211 ITRTMEEE, &4
HeEME 2 8 U7z DA I U EE 2 I EH L2 D TH S, ZOFEIZKTL
TY—2ME%2T5I2 2T, MAKREOY —2ZfiES XY — 27 B OME%Z & H 4
5. =207, KT CIHERFETHONEEIET — X % csv 7 —

34



2 LUTHAUZED%E MATLAB2015b N1 >R — kU, findpeaks B%(% R L
TEY—228H U7z, K211 AN RTEEIX, E—2MEDOKRE X DOLE) %R
L7zbDT, R-RREBBEIFIENE HDTH 5. R-REMEORRZLE & OF IR GE
MO, MHRIEEOESEVWE KT 5L X, [FELUW R-REEBUGD S
ETEE, DMAEE TR U TR E O @ WD EDREE D HERIZ R T & 5 il REMEAY
H5.

DMABOHEE IZB W T, WMAES DRSS DS EIZER U THERZRET
5728, KEPHBIZIZLD /1 X, £-ET 4 DOEME IS BIREIEH %
BEIZBVWTE FTERFAMRODVEE TCHNITEL WK REZ KDDL Z 2N TE 3.
U2 L, DMAZEIHEEIZ Y72 > CTlE, DMAEEOY =2 2T 208X H 570,
EHDYE—27 DIEMERETCHBETH L. — BRI, BHE»SESNE0MAGEEIX
A4 AMKEL, DB BEORBEIREL V95168505 0ME & ik U C ke
BIESY—2 2B RR#ETHS. TDDH, HLINLOMMIESDESEY—
D% GRS - —RRIZEITTTE B Z DY, MR S OMAZEIHEE I B\ TIZMRER D
BB FMARETH 5.

7o, HETF, HERE W oEND 2 CRHIZ 1TV, £ I THRLONEZTD
RLAHZE > & Wi DA & 51l 2 2 & TIE X EIRAEL I AHEE D & 5 1l % e E
TEDE U (77,59, &7z, 2 EARA T, YNVFART MV A TEER]
AU THH RSB AR (SpO2) % FEH TR 2 /THRICBE T o b & 5 34, 41].
AFEE, MOESZERETETTSTIRE LT, Zho DEMOEEELIZE
BRCTE B HREME 2 > T\ 5. IRIEERR R OFHINZIX, RO 2 EHT DI S D
T—REHAIPRETH B Z L, &T —XORLIFZES BENH 570, D
DA ZEFHT 5856 & U THRZRI TORHZ EBd 5 ETIZW L D0
ErfioTW\W5.

DEEE), MEEORBEVEG» SHEE T 2 Z e TE NI, EFREE - EIFIRE
D& ENEREDIGE D S KB I NS, /2, Frilao ST AL AEGYE (COVID-
19) FEDRBYYED B - U A7 BTN HEG I NLGH T, InoDEHRE A -
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1 //Send White Color.

2 #include "emo.h"

3

4 int main(void) {

5 DipPen pen("\\\\.\\COM23", 115200);

6 EmoColor white(255, 255, 255);
7 int send_to = 1; //XfE5RID
8
9

pen.sendColor (send_to, white); //fi%ik(F
return O;

10 }
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[1] Skype - Skype, https://www.skype.com/.
[2] Zoom - Zoom, https://zoom.us/.
[3] VRChat - VRChat, https://hello.vrchat.com/.

[4] Intel  RealSense  Technology - Intel  WebSite,  https://www.
intel.com/content/www/us/en/architecture-and-technology/
realsense-overview.html.

[5] Fitbit - Fitbit, https://www.fitbit.com/.

[6] PaceSync, http://pacesync.com/.

[7] MAHNOB-HCI Database, http://mahnob-db.eu/hci-tagging/,.

[8] ==k - =3 = 3EJE, https://live.nicovideo.jp/.

9] DX 475V -DX 74 77V &EEH, https://dxlib.xsrv.jp/.
[10] yeapture - ¥ X4 F 7R, http://yzwlab.net /ycapture/.
[11] ETEELARNT A b - IR RNY A b, https://chokabuki.jp/.

[12] Microsoft -  Teams, https://www.microsoft.com/en-au/microsoft-
teams/group-chat-software.

[13] Stanislaw Antol, Aishwarya Agrawal, Jiasen Lu, Margaret Mitchell, Dhruv
Batra, C Lawrence Zitnick, and Devi Parikh. Vqa: Visual question answering.

In Proceedings of the IEEE international conference on computer vision, pp.
24252433, 2015.

165



[14]

[15]

[16]

[17]

[18]

[19]

[20]

Stanislaw Antol, Aishwarya Agrawal, Jiasen Lu, Margaret Mitchell, Dhruv
Batra, C. Lawrence Zitnick, and Devi Parikh. Vqa: Visual question answering.
In Proceedings of the IEEE International Conference on Computer Vision
(ICCV), December 2015.

A. Asthana, S. Zafeiriou, S. Cheng, and M. Pantic. Incremental face alignment
in the wild. In 2014 IEEE Conference on Computer Vision and Pattern
Recognition, pp. 1859-1866, 2014.

Akshay Asthana, Stefanos Zafeiriou, Shiyang Cheng, and Maja Pantic. In-
cremental face alignment in the wild. In Proceedings of the IEEE conference
on computer vision and pattern recognition, pp. 18591866, 2014.

Guha Balakrishnan, Fredo Durand, and John Guttag. Detecting pulse from
head motions in video. In Computer Vision and Pattern Recognition (CVPR),
2013 IEEE Conference on, pp. 3430-3437. IEEE, 2013.

Tadas Baltrusaitis, Peter Robinson, and Louis-Philippe Morency. Openface:
an open source facial behavior analysis toolkit. In Applications of Computer
Vision (WACYV), 2016 IEEE Winter Conference on, pp. 1-10. IEEE, 2016.

Scott Brave, Hiroshi Ishii, and Andrew Dahley. Tangible interfaces for remote
collaboration and communication. In Proceedings of the 1998 ACM conference
on Computer supported cooperative work(CSCW 1998), pp. 169-178. ACM,
1998.

Mihai Burzo, Daniel McDuff, Rada Mihalcea, Louis-Philippe Morency, Alexis
Narvaez, and Veronica Perez-Rosas. Towards sensing the influence of visual
narratives on human affect. In ACM International Conference on Multimodal

Interaction (ICMI), 2012.

Z. Cao, T. Simon, S. Wei, and Y. Sheikh. Realtime multi-person 2d pose
estimation using part affinity fields. In 2017 IEEE Conference on Computer
Vision and Pattern Recognition (CVPR), pp. 1302-1310, 2017.

Tanya L Chartrand and John A Bargh. The chameleon effect: the perception—
behavior link and social interaction. Journal of personality and social psychol-
ogy, Vol. 76, No. 6, pp. 893-910, 1999.

166



[23]

[24]

[28]

[29]

[30]

Weixuan Chen and Daniel McDuff. Deepphys: Video-based physiological
measurement, using convolutional attention networks. In Proceedings of the
European Conference on Computer Vision (ECCYV), September 2018.

CP Criée, S Sorichter, HJ Smith, P Kardos, R Merget, D Heise, D Berdel,
D Kohler, H Magnussen, W Marek, et al. Body plethysmography—its prin-
ciples and clinical use. Respiratory medicine, Vol. 105, No. 7, pp. 959-971,
2011.

Gerard De Haan and Vincent Jeanne. Robust pulse rate from chrominance-
based rppg. IEEE Transactions on Biomedical Engineering, Vol. 60, No. 10,
pp. 28782886, 2013.

Emile Durkheim. The elementary forms of the religious life. University of
Alabama Press, 1912.

Hao-Shu Fang, Guansong Lu, Xiaolin Fang, Jianwen Xie, Yu-Wing Tai, and
Cewu Lu. Weakly and semi supervised human body part parsing via pose-
guided knowledge transfer. arXiv preprint arXiv:1805.04310, 2018.

M. Feldmeier and J. A. Paradiso. An interactive music environment for large

groups with giveaway wireless motion sensors. Computer Music Journal,
Vol. 31, No. 1, pp. 50-67, 2007.

F. Ferrari, M. Zimmerling, L. Thiele, and O. Saukh. Efficient network flooding
and time synchronization with glossy. In Proceedings of the 10th ACM/IEEE

International Conference on Information Processing in Sensor Networks, pp.
73-84, 2011.

Xin Guo, Bin Zhu, Luisa F Polania, Charles Boncelet, and Kenneth E Barner.
Group-level emotion recognition using hybrid deep models based on faces,
scenes, skeletons and visual attentions. In Proceedings of the 20th ACM In-
ternational Conference on Multimodal Interaction, pp. 635-639, 2018.

Mohammad A Haque, Kamal Nasrollahi, and Thomas B Moeslund. Esti-
mation of heartbeat peak locations and heartbeat rate from facial video. In
Scandinavian Conference on Image Analysis, pp. 269-281. Springer, 2017.

MA Hassan, AS Malik, D Fofi, N Saad, and F Meriaudeau. Novel health
monitoring method an using rgb camera. Biomedical optics express, Vol. 8,
No. 11, pp. 4838-4854, 2017.

167



[33]

[34]

[35]

[38]

[40]

[41]

Peiyun Hu and Deva Ramanan. Finding tiny faces. In Proceedings of the
IEEE conference on computer vision and pattern recognition, pp. 951-959,
2017.

Kenneth Humphreys, Tomas Ward, and Charles Markham. Noncontact si-
multaneous dual wavelength photoplethysmography: a further step toward
noncontact pulse oximetry. Review of scientific instruments, Vol. 78, No. 4,
p. 044304, 2007.

Dong-Hyun Hwang, Kohei Aso, Ye Yuan, Kris Kitani, and Hideki Koike.
Monoeye: Multimodal human motion capture system using a single ultra-
wide fisheye camera. In Proceedings of the 33rd Annual ACM Symposium on
User Interface Software and Technology, pp. 98111, 2020.

Ifpi. global music report 2019, 2019.

Katherine Isbister. How to stop being a buzzkill: Designing yamove!, a mo-
bile tech mash-up to truly augment social play. In Proceedings of the 14th
International Conference on Human-Computer Interaction with Mobile De-
vices and Services Companion, MobileHCI "12, pp. 1-4, New York, NY, USA,
2012. Association for Computing Machinery.

Hiroshi Ishii, Craig Wisneski, Julian Orbanes, Ben Chun, and Joe Paradiso.
Pingpongplus: design of an athletic-tangible interface for computer-supported
cooperative play. In Proceedings of the SIGCHI conference on Human Factors
in Computing Systems(CHI’99), pp. 394-401. ACM, 1999.

Wen Jun Jiang, Shi Chao Gao, Peter Wittek, and Li Zhao. Real-time quantify-
ing heart beat rate from facial video recording on a smart phone using kalman
filters. In e-Health Networking, Applications and Services (Healthcom), 2014
IEEE 16th International Conference on, pp. 393-396. IEEE, 2014.

Naoki Kimura, Michinari Kono, and Jun Rekimoto. Sottovoce: an ultra-
sound imaging-based silent speech interaction using deep neural networks. In
Proceedings of the 2019 CHI Conference on Human Factors in Computing
Systems, pp. 1-11, 2019.

John HGM Klaessens, Herke Jan Noordmans, Rowland De Roode, and
Rudolf M Verdaasdonk. Non-invasive skin oxygenation imaging using a multi-

spectral camera system: Effectiveness of various concentration algorithms ap-

168



[44]

[45]

[46]

[48]

[49]

plied on human skin. In Optical Tomography and Spectroscopy of Tissue VIII,
Vol. 7174, p. 717408. International Society for Optics and Photonics, 20009.

K. Kuwamura, K. Sakai, T. Minato, S. Nishio, and H. Ishiguro. Hugvie: A
medium that fosters love. In 2013 IEEE RO-MAN, pp. 70-75, 2013.

Sungjun Kwon, Hyunseok Kim, and Kwang Suk Park. Validation of heart
rate extraction using video imaging on a built-in camera system of a smart-
phone. In Engineering in Medicine and Biology Society (EMBC), 2012 Annual
International Conference of the IEEE, pp. 2174-2177. IEEE, 2012.

Antony Lam and Yoshinori Kuno. Robust heart rate measurement from video
using select random patches. In Proceedings of the IEEE International Con-
ference on Computer Vision, pp. 3640-3648, 2015.

Eugene Lee, Evan Chen, and Chen-Yi Lee. Meta-rppg: Remote heart rate
estimation using a transductive meta-learner. In Furopean Conference on
Computer Vision (ECCYV), pp. 392-409, 2020.

Xiaobai Li, Jie Chen, Guoying Zhao, and Matti Pietikainen. Remote heart
rate measurement from face videos under realistic situations. In Proceedings

of the IEEE conference on computer vision and pattern recognition, pp. 4264—
4271, 2014.

Yunan Li, Qiguang Miao, Kuan Tian, Yingying Fan, Xin Xu, Rui Li, and
Jianfeng Song. Large-scale gesture recognition with a fusion of rgb-d data
based on the c3d model. In 2016 23rd International Conference on Pattern
Recognition (ICPR), pp. 25-30. IEEE, 2016.

Zhicong Lu, Haijun Xia, Seongkook Heo, and Daniel Wigdor. You watch, you
give, and you engage: A study of live streaming practices in china. In Proceed-
ings of the 2018 CHI Conference on Human Factors in Computing Systems,
CHI 18, pp. 1-13, New York, NY, USA, 2018. Association for Computing
Machinery.

Bruce D. Lucas and Takeo Kanade. An iterative image registration technique
with an application to stereo vision. In Proceedings of the 7th International
Joint Conference on Artificial Intelligence - Volume 2, IJCAT'81, pp. 674-679,
San Francisco, CA, USA, 1981. Morgan Kaufmann Publishers Inc.

169



[50]

[51]

[52]

[54]

[55]

[56]

[57]

[58]

Mufan Luo, Tiffany W. Hsu, Joon Sung Park, and Jeffrey T. Hancock. Emo-
tional amplification during live-streaming: Evidence from comments during

and after news events. Proc. ACM Hum.-Comput. Interact., Vol. 4, No.
CSCW1, May 2020.

Elena Marquez Segura, Annika Waern, Jin Moen, and Carolina Johansson.
The design space of body games: Technological, physical, and social design.
In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems, CHI "13, pp. 3365-3374, New York, NY, USA, 2013. Association for
Computing Machinery.

Dan Maynes-Aminzade, Randy Pausch, and Steve Seitz. Techniques for inter-
active audience participation. In Proceedings of the 4th IEEE International
Conference on Multimodal Interfaces, ICMI 02, p. 15, USA, 2002. IEEE Com-
puter Society.

Osama Mazhar, Sofiane Ramdani, Benjamin Navarro, Robin Passama, and
Andrea Cherubini. Towards real-time physical human-robot interaction using
skeleton information and hand gestures. In 2018 IEEE/RSJ International
Conference on Intelligent Robots and Systems (IROS), pp. 1-6. IEEE, 2018.

Heath McDonald and Adam J. Karg. Managing co-creation in professional
sports: The antecedents and consequences of ritualized spectator behavior.
Sport Management Review, Vol. 17, No. 3, pp. 292 — 309, 2014.

Daniel J McDuff, Javier Hernandez, Sarah Gontarek, and Rosalind W Picard.
Cogcam: Contact-free measurement of cognitive stress during computer tasks

with a digital camera. In Proceedings of the 2016 CHI Conference on Human
Factors in Computing Systems, pp. 4000-4004. ACM, 2016.

Kana Misawa and Jun Rekimoto. Chameleonmask: Embodied physical and
social telepresence using human surrogates. In Proceedings of the 33rd An-
nual ACM Conference Extended Abstracts on Human Factors in Computing
Systems, pp. 401-411, 2015.

Homei Miyashita. Norimaki synthesizer: Taste display using ion electrophore-
sis in five gels. In FExtended Abstracts of the 2020 CHI Conference on Human
Factors in Computing Systems, pp. 1-6, 2020.

Glow Motion. Glowmotion technologies, 2021.

170



[59]

[60]

[61]

[62]

[63]

[64]

[65]

Kenta Murakami, Mototaka Yoshioka, and Jun Ozawa. Non-contact pulse
transit time measurement using imaging camera, and its relation to blood
pressure. In Machine Vision Applications (MVA), 2015 14th IAPR Interna-
tional Conference on, pp. 414-417. IEEE, 2015.

X. Niu, S. Shan, H. Han, and X. Chen. Rhythmnet: End-to-end heart rate
estimation from face via spatial-temporal representation. IFEE Transactions
on Image Processing, Vol. 29, pp. 2409-2423, 2020.

Cathy O'neil. Weapons of math destruction: How big data increases inequality
and threatens democracy. Crown, 2016.

Kouyou Otsu, Hidekazu Takahashi, Hisato Fukuda, Yoshinori Kobayashi, and
Yoshinori Kuno. Enhanced concert experience using multimodal feedback

from live performers. In the 10th International Conference on Human System
Interactions (HSI), pp. 290-294. IEEE, 2017.

Mai Otsuki, Keita Maruyama, Hideaki Kuzuoka, and Yusuke Suzuki. Effects
of enhanced gaze presentation on gaze leading in remote collaborative physical
tasks. In Proceedings of the 2018 CHI Conference on Human Factors in
Computing Systems, pp. 1-11, 2018.

Ming-Zher Poh, Daniel J McDuff, and Rosalind W Picard. Non-contact,
automated cardiac pulse measurements using video imaging and blind source
separation. Optics express, Vol. 18, No. 10, pp. 10762-10774, 2010.

Ming-Zher Poh, Daniel J McDuff, and Rosalind W Picard. Advancements
in noncontact, multiparameter physiological measurements using a webcam.

IEFEFE transactions on biomedical engineering, Vol. 58, No. 1, pp. 7-11, 2011.
Pwec. global entertainment & media outlook 2020-2024, 2020.

Hamidur Rahman, Mobyen Uddin Ahmed, Shahina Begum, and Peter Funk.
Real time heart rate monitoring from facial rgh color video using webcam.
In The 29th Annual Workshop of the Swedish Artificial Intelligence Society
(SAIS), 2-3 June 2016, Malmé, Sweden, No. 129. Linképing University Elec-
tronic Press, 2016.

Nimesha Ranasinghe, Pravar Jain, Shienny Karwita, David Tolley, and Ellen
Yi-Luen Do. Ambiotherm: enhancing sense of presence in virtual reality by

171



[70]

[71]

[72]

simulating real-world environmental conditions. In Proceedings of the 2017
CHI Conference on Human Factors in Computing Systems, pp. 1731-1742,
2017.

Raquel Breejon Robinson, Elizabeth Reid, James Collin Fey, Ansgar E. Dep-
ping, Katherine Isbister, and Regan L. Mandryk. Designing and evaluating
'in the same boat’, a game of embodied synchronization for enhancing social
play. In Proceedings of the 2020 CHI Conference on Human Factors in Com-
puting Systems, CHI ’20, pp. 1-14, New York, NY, USA, 2020. Association
for Computing Machinery.

Raquel Robinson, Zachary Rubin, Elena Marquez Segura, and Katherine Is-
bister. All the feels: Designing a tool that reveals streamers’ biometrics to
spectators. In Proceedings of the 12th International Conference on the Foun-
dations of Digital Games, FDG 17, New York, NY, USA, 2017. Association
for Computing Machinery.

Gerard Roma, Anna Xambo, and Jason Freeman. Handwaving: Gesture
recognition for participatory mobile music. In Proceedings of the 12th In-
ternational Audio Mostly Conference on Augmented and Participatory Sound
and Music Experiences, AM 17, New York, NY, USA, 2017. Association for
Computing Machinery.

Hooman Aghaebrahimi Samani, Rahul Parsani, Lenis Tejada Rodriguez, El-
ham Saadatian, Kumudu Harshadeva Dissanayake, and Adrian David Cheok.
Kissenger: design of a kiss transmission device. In Proceedings of the Design-
ing Interactive Systems Conference, pp. 48-57, 2012.

Sebastian Schuler. Aesthetics of Immersion: Collective Effervescence, Bodily
Synchronisation and the Sensory Navigation of the Sacred: A Connective
Concept, pp. 367 — 388. 12 2017.

Christopher G Scully, Jinseok Lee, Joseph Meyer, Alexander M Gorbach,
Domhnull Granquist-Fraser, Yitzhak Mendelson, and Ki H Chon. Physiologi-
cal parameter monitoring from optical recordings with a mobile phone. IEEE
Transactions on Biomedical Engineering, Vol. 59, No. 2, pp. 303-306, 2012.

Caifeng Shan, Shaogang Gong, and Peter W McOwan. Facial expression
recognition based on local binary patterns: A comprehensive study. Image
and vision Computing, Vol. 27, No. 6, pp. 803-816, 2009.

172



[76]

[77]

[78]

[79]

[80]

[82]

[33]

[84]

Mohammad Soleymani, Jeroen Lichtenauer, Thierry Pun, and Maja Pantic.
A multimodal database for affect recognition and implicit tagging. [EFFE
Transactions on Affective Computing, Vol. 3, No. 1, pp. 42-55, 2012.

Norihiro Sugita, Kazuma Obara, Makoto Yoshizawa, Makoto Abe, Akira
Tanaka, and Noriyasu Homma. Techniques for estimating blood pressure
variation using video images. In Engineering in Medicine and Biology Soci-
ety (EMBC), 2015 37th Annual International Conference of the IEEE, pp.
4218-4221. IEEE, 2015.

Makoto Suzuki, Chun-Hao Liao, Sotaro Ohara, Kyoichi Jinno, and Hiroyuki
Morikawa. Wireless-transparent sensing. In Proceedings of the 2017 Interna-
tional Conference on Embedded Wireless Systems and Networks, EWSN ' 17,
p. 6677, USA, 2017. Junction Publishing.

Satoshi Suzuki, Takemi Matsui, Hayato Imuta, Maki Uenoyama, Hirofumi
Yura, Masayuki Ishihara, and Mitsuyuki Kawakami. A novel autonomic acti-
vation measurement method for stress monitoring: non-contact measurement
of heart rate variability using a compact microwave radar. Medical € biological
engineering € computing, Vol. 46, No. 7, pp. 709-714, 2008.

Kazuaki Takeuchi, Yoichi Yamazaki, and Kentaro Yoshifuji. Avatar work:
Telework for disabled people unable to go outside by using avatar robots.
In Companion of the 2020 ACM/IEEE International Conference on Human-
Robot Interaction, pp. 53-60, 2020.

Ryuji Tanaka, Chika Oshima, and Koichi Nakayama. Intention inference from
2d poses of preliminary action using openpose. In Proceedings of the Genetic
and Evolutionary Computation Conference Companion, pp. 1697-1700, 2019.

TapTap. Taptap. TapTap.

L Tarassenko, M Villarroel, A Guazzi, J Jorge, DA Clifton, and C Pugh.
Non-contact video-based vital sign monitoring using ambient light and auto-
regressive models. Physiological measurement, Vol. 35, No. 5, p. 807, 2014.

Cristian Vaccari, Andrew Chadwick, and Ben O’Loughlin. Dual screening
the political: Media events, social media, and citizen engagement. Journal of
Communication, Vol. 65, No. 6, pp. 1041 — 1061, 10 2015.

173



[85]

[36]

[87]

[90]

[91]

[92]

Femke Vandenberg, Michael Berghman, and Julian Schaap. The "lonely raver’:
music livestreams during covid-19 as a hotline to collective consciousness?
Furopean Societies, pp. 1-12, 09 2020.

Gul Varol, Javier Romero, Xavier Martin, Naureen Mahmood, Michael J
Black, Ivan Laptev, and Cordelia Schmid. Learning from synthetic humans. In
Proceedings of the IEEE Conference on Computer Vision and Pattern Recog-
nition, pp. 109-117, 2017.

P. Viola and M. Jones. Rapid object detection using a boosted cascade of
simple features. In Proceedings of the 2001 IEEE Computer Society Confer-
ence on. Computer Vision and Pattern Recognition. CVPR 2001, Vol. 1, pp.
[-511-1-518 vol.1, 2001.

Kai Wang, Xiaoxing Zeng, Jianfei Yang, Debin Meng, Kaipeng Zhang, Xi-
aojiang Peng, and Yu Qiao. Cascade attention networks for group emotion
recognition with face, body and image cues. In Proceedings of the 20th ACM
International Conference on Multimodal Interaction, pp. 640-645, 2018.

Qifei Wang, Gregorij Kurillo, Ferda Ofli, and Ruzena Bajcsy. Evaluation
of pose tracking accuracy in the first and second generations of microsoft
kinect. In 2015 international conference on healthcare informatics, pp. 380—
389. IEEE, 2015.

Rongrong Wang, Francis Quek, Deborah Tatar, Keng Soon Teh, and Adrian
Cheok. Keep in touch: channel, expectation and experience. In Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems(CHI2012),
pp. 139-148. ACM, 2012.

Wenjin Wang, Sander Stuijk, and Gerard De Haan. A novel algorithm for
remote photoplethysmography: Spatial subspace rotation. IEEE Transactions
on Biomedical Engineering, Vol. 63, No. 9, pp. 1974-1984, 2016.

Zitong Yu*, Wei Peng*, Xiaobai Li, Xiaopeng Hong, and Guoying Zhao.
Remote heart rate measurement from highly compressed facial videos: an
end-to-end deep learning solution with video enhancement. In International
Conference on Computer Vision (ICCV), 2019.

174



[93]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

Dawei Zhou, Jiebo Luo, Vincent MB Silenzio, Yun Zhou, Jile Hu, Glenn Cur-
rier, and Henry A Kautz. Tackling mental health by integrating unobtrusive
multimodal sensing. In AAAI pp. 1401-1409, 2015.

—fBEMEANT Y — N T — X — e, ARG E. —HENEA
aVvY— M TOE—X— X

ESER, (LIRER—, EA—I1FEh. aRy 2N ULAZEREII 2= —Y 3
VVATLIBY AT a0 YO EEOMY: SEEREE) L EER T XD
ATAT. LIRS 2 Em SCEE, Vol 46, No. 1, pp. 187-196, 2005.

A2tV =—3I2-Yvra3az=r—-—rarvx Freflow (7
V7 7). Aty =—--3I2—-Yvra3a=r—-—varvx
http://www.smeci.jp/s/smci/discography /S00007.

MAREHVA 77> VvV Freflow (7Y 7 7). fEREHIEAN Y Z 4~ KING
BLADE-RAVE(¥ > 2 7L — K L A 7). http://ruifan.co.jp/rave/rave.html.

AR, BT, FA A RV MLLE DOINETE O RO [ g B R
BEMREBEEARY IS4 N, TUVRTA VAV NIV a—T o VTV UR
Vv I 2016 #iSCHE, Vol. 2016, pp. 311-312, 2016.

IR, BREE, ERERIE. <1 70 Ry 79—k oY I2 X288 - IR
SR ARE T, Vol. 48, No. 6, pp. 595-603, 2010.

R — () . FEEZ A XY Fov—AM) . AZE, s, 2004

PR, RS IC K DS NZR T 74NN - =R - 2v N7 =2 DH
7ol fstE] AU CORE e AR B Vol. 31, No. 1, pp. 19-26, 2013.

BERE= N NE OYEEREE N—Y FIL - AR=ZA LI fa[D. T RLFF
1 2, 2018.

INGES, BBIIAET. AT —IUNR T 45—V AIBWTBE L HED I 2
r—vaviERETAled 2o KREDRE. 1 VXT3 2017T#HX
£ pp. 458-459, 2017.

IANHERE, RBIZ ISR, NS, IR, BRITRDZE, AR KRS, AR, ARz,
FAR3E, THHEEERIED. Chi fl5R4 2017: *v b7 — %@ﬁbf:%ﬁ%t%
DEFEY AT L. PEHEa—~<vvav¥a—&1 v &5 27 a Yy (HCI),
Vol. 2017, No. 13, pp. 1-8, 2017.

175



[105] PHEE, $aARMEE. biosync: A% OEE AR Z@AE T2V 2T 7 TN T NS
A HAN=F v )L TV T 1 F25mGE, Vol. 22, No. 1, pp. 51-60, 2017.

[106] HHIEALE. OV AT ¥ A — R DA & 7 DGR, HARRRKBKEE Y25, Vol. 10,
No. 1, pp. 1-11, 1990.

(107] AJIERE, KewE, SEilEi, MmILFEEIEA. Gaze mirroring 12 X 2 EGHK
B R D53 Hr. IEEILIR 2SR, Vol. 52, No. 12, pp. 3637-3646, 2011.

[108] JI B dE]. AMEDSHICEH U2V AT AT A VAT ka—vr A Y
R 7 1 — AFEHEE, Vol. 11, No. 1, pp. 125-134, 2009.

[109] KE#E, EHEAN, Antony Lam, /MAE I and A B, BEAMETIZHED <
FEAE 722 DAL, Wi Z K, Vol. 30, No. 6, pp. 20-26, 2019.

[110] HR—&,, kR, Py, S E T A 2RI E 1 2 SR EER I &
5=y )T L 7L Yy A0, BT 25 SCGGE, Vol. 58, No. 5, pp.
946-954, 2017.

[111] HH—&, RBERER, (IFESE, Pl IEh. ZREEBOV AT A FEHE
OMEHELAEIZ LY =V vy LT LT LY v 2058, MRS 250 G,
Vol. 60, No. 2, pp. 411-418, 2019.

[112] Hr—&, FEEDR, RrsEs . E@EREF: 7A@ e MRienT N1 20—
BALIZEB Y =2 v LT L LY v 20k, TS 25 CEE, Vol. 56,
No. 4, pp. 1228-1236, 2015.

[113] HhE, REBTF. V—r—>a OB AL IEKICAT 2B ET 2 %
R T LU= 21859 EM Lo L O g2 il HARBDEI R
2 E KSR SCEE Proceedings of JITR annual conference, £ 34 %, pp.
AT7-480. HABDLEHIZE T2, 2019.

114] FEMESEIE A, (74 KV) SULE TR L 7 SBREC BT 5 —5%. [ 2y
W7 A RIL) DT 5 — v A% BB, Fh - 4AR, No. 119, pp. 19-40,
2016.

[115] AR E &h, WEM, IWHIE =, Sync Ycidol: 74 774 K& 77 v &ED
B3 51 TR EEE. WISS2015 #i S, pp. 155-156, 2015.

[116] WIS, K. T4 TR L HE)§ 2 MRGIHR Y T4 P AT LDRE. 1
YRZ 7Y a 2015 mXE, pp. 805-807, 2015.

176



[117]

[118]

[119]

[120]

SEMRESE, JEKIE. Cryptone: EHRBBZIZB TN T+ — LBIKDOHA A
R522avDEODYATL A VRT3 2013 @mE, pp. 302-306,
2013.

Frflf&s. an ﬂ"?‘HOD T4 TG KBIBERRORE: @E 10 FOMREE
L EE S - EEHDOZND S, NRI ST Y v 7 Rx YA Y b Ea—= NRI
public management review, Vol. 204, pp. 2-13, 2020.

‘R T, SR/, YaF VX 3IRnE—Y a vy T — X & iEH U2 AIfERE
NT = VA WUREERA T« 725, Vol. 65, No. 2, pp. 218-223, 2011.

RAKBRER, ZREEE, REH. f2rREOm%E. OHZEFEER, Vol. 24, No. 4,
pp- 423-457, 1981.

177



INE A

MR IS I N ER s (BEH D)

e K.Otsu, Q.Zhong, D,Keya, H.Fukuda, A.Lam, Y.Kobayashi and Y.Kuno,
"Robust and Fast Heart Rate Monitoring Based on Video Analysis and
Its Application,” , International Conference on Applied Human Fac-
tors and Ergonomics(AHFE2020), Advances in Artificial Intelligence,
Software and Systems Engineering, vol.1213, pp.250-257, Springer, July
2020.

o R, ML, @REHEMN, FRFEM, mHKA, MMAEFL A5
M8, LEE— TAffinity Live : #H# & 8% O — &% R 3 5 W51
TA THEY AT L], TERAP A EE) , vol. 59, No.11, pp.
2019-2029, November 2018.

MEER I B B - KRR
o KiEHIRG, fEHAKA, Antony Lam, /NREFN, AEFEE, TGN IZ
FH O  FEME ARG TR, TEB Z R Vol.30, No.6, pp. 20-26,
2019.

ERSFEICB I RR (Eid D)

e K.Otsu, J.Yuan, H.Fukuda, Y.Kobayashi, Y.Kuno, K.Yamazaki, ”En-
hancing Multimodal Interaction Between Performers and Audience Mem-
bers During Live Music Performances, ” the International SIGCHI Con-
ference Extended Abstracts on Human Factors in Computing Systems
(CHI EA’21),0n-line, May 2021.[Late-breaking Work(Poster)]

e K. Otsu, H. Takahashi, H. Fukuda, Y. Kobayashi and Y. Kuno, ”En-
hanced Concert Experience using Multimodal Feedback from Live Per-
formers,” the 10th International Conference on Human System Interac-
tion (HSI2017), pp.5941-5946, Ulsan, Korea, July 2017.

e K. Otsu, H. Fukuda, Y. Kobayashi and Y. Kuno, "Remote monitor-
ing and communication system with a doll-like robot for the elderly, ”
the 42nd Annual Conference of the IEEE Industrial Electronics Society

178



(IECON2016), pp.5941-5946, Florence, Italy, September 2016.

e W.Yanjing, K.Otsu, H.Fukuda, Y.Kobayashi and Y.Kuno, “Interest Es-
timation Based on Biological Information and Body Sway,” the 27th In-
ternational Workshop on Frontiers of Computer Vision (IW-FCV2021),
pp. PS2-4 On-line, February 2021.

e A.Lam, K. Otsu,K. Das and Y. Kuno” Towards Taking Pulses Over YouTube
to Determine Interest in Video Content.”, 2018 The International Work-
shop on Frontiers of Computer Vision (IW-FCV) ,pp.05-1, Hakodate,
Japan, 2018.

e K. Das, S Ali, K. Otsu, H Fukuda, A. Lam, Y. Kobayashi and Y.
Kuno”Detecting Inner Emotions from Video Based Heart Rate Sens-
ing.”, 2017 International Conference on Intelligent Computing ,pp.48-57,
Liverpool, UK, 2017.

EHAH - VYRV Y MBI BB HE (B D)

o KM, D. K. Tilottoma, fEH&EA, A. Lam, /NREGI, AFFEHRE,
C WG fRAT IC B D EME - m A BGHIITRIR, 7 B 24 mEf e Y
YV VKT L (SSI12018) , BT, June 2018. (Hid b - TEHKR)

o KM, AfEHICZ, D. K. Tilottoma, MEHKA, A. Lam, /NKREFN,
ABF A,  “BRBEAATHEE R YT A MG X B0 HBGHITFE, 7
5523 [y Yy VR Y Y L (SSII2017) , HEiE, June 2017.
(REFHEME ZH)

o KBRS, MHEK, fEHIEAN, MMREF, ATFHRME, “ 7L CEF o i
U7z NBRBLT N A 2% Fl\W e mllin Q@R AT 0 & A7 A, 7 55 22 [l
By v 7YV RY Y L (SSI12016) , pp. DS2-08, i, June 2016.

EANE - YU RY T LFITBIBHE (BEHkL)

o KitHtEE, /IMKRERI, AEFZEAE, “ WERRIMOBERIZIED < S E = bE
FSFD Y AT L, 72016 EE FEBEGE YRR AE KRS, pp. D-22-10, 1
i, March 2016.

o KM, /MMREII, AR, “ Sl OREE Y >V ZIcf D < ER
RSFO AT L, 7 H 20 BIANR— VY VRV W L, B, November
2015.

o MAREIR, KEHG, mHIEA, NREF, “ ZHEFHOBK O 2%
BIT214 052571 7FN1 R, 72021 HEFHEHRBEFEREKRE,
Z >4 Y, March 2021.

179



o ElsL, /IVREFN, AEFEME, KEHG, WHEA, “ILFE—LIL
BHIZED < a—F MR EHEE, ” 2020 FEB A IHEHREEFZSMREKRE,
F >4 v, March 2020.

o FINTEK, fRESER, KEHE, EHA, NAERN, KEHRME, (Lig
W—, “—RKREMRTIEET T TN AT L, 7 HRULHEYS 1
v RZ 7Y a 2019, pp.308-312, HE, March 2019.

o TSR, KIS, WEEA, AEHRM, FHEEYE, LRE—, /&
A, “HEHE RO - REE BRI LE S VRS T 4 TRYyTA N,
2018 FEE T IHHBEF2RAE R, HE, March 2018.

o BARZER, WMHER, KaHlE, MEXE, “T+—77—=v2r 71—
LT =27 OHE, " H 22 mNNX—=VEHAIY VIRY T A, E)Il, November
2017.

o FAAVEIG, KM, WHEEAN, MREF, ABEME, “XETOHES
e R U728 E Y 27 L ORE, 7 2017 FE FEREEFRRE
K&, %R, March 2017.

K%

o i 2019-080894 [MEFRIZIEMITRY AT L, THHWEEMIR A E, BHRE
MR T a7 T L)

o RiBH 2019-080899 lVHEZENE - F A L BIKENE - F /A & OFELUE R
B, FELEEF AU ZEEBGE HEEBEDORT ) VT ik

180



