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Abstract of Master’s Thesis of Academic Year 2018

Enriching Peoples Memories through Dynamic

Cross-Perspective Multilateral, Visual Re-living

Algorithmic Selection of Emotionally Powerful Moments Using
Biometric Data

Category: Design

Summary

Technology has made it possible to share photos easily. However most shared
photos are posed- not the moments when we felt emotionally moved. With high-
light functions of SNSs, photo organization, highlighting, and review suggestions
are blind to emotion.

Re-experiencing a situation, at the exact moment when the user felt emotionally
moved, to better enrich the memories—there is a difference between photos we
pose and share, and those moments when we felt moved. In this paper, we analyze
the experiences of multiple people using their biometrics, and mix their perspec-
tives. We then propose a method to extract from a video stream the moment
when their emotion was strong, but not only from their own viewpoint, but from
the 2nd person. We conducted four experiments to verify whether participants
felt the extracted moments were emotionally valuable.

From experiments, we judged biometric information such as pulse was needed
to objectively detect which moments were more subject to emotion. A program
to extract the moment of laughter in a video, by selecting the moment 16 to 28
seconds before the time when the pulse rise noted, was created. By showing the

extracted video to the parties in a multilateral way, it is thought that not only

i



Abstract

images and sounds at the time but also emotions were shared and we were able

to enrich our memories of multiple people.

Keywords:

Sharing, Video, Smile, Pulse Rate, Memories, Memory, Algorithm
Keio University Graduate School of Media Design

Yuki Sugisawa
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1.1. &

“Once you have traveled, the voyage never ends, but is played out over and over
again in the quietest chambers. The mind can never break off from the journey.”
Z & Pat Conroy DEETH %.123] ITORFTIEEHH S AREL WA, fioTH
THhobELEILHTETIEILDMVMITTH S, TNIFRITLITTRL, B4
AR MZEU S, RKITRPNN—=T 1 L Vo lzA XY I 6IF-TEE, +A
TETAZ ML REEEHRZ D, RG> TELRONEEREZ D AP A RV b
ANOBEDPRDR S TEHIREBOAD NS, LW RV MIA RV MZSML
TVWAIRHZITTHRLAFoTRTLSE ZIRINIZEL D I LB TE D, ZIRIIZ
BLL LI, WEBIZARY MDYy X3 B LEL2Z A THEREZRKBLENHLT
HLLIZETHD., ZOMRBRY T 1 TRE[Kb EIFMIZELWI XY FThHN
EHBIFEMMEEZRABL VKRB IZRE AL V. EEAGD, RO
WONTEFLEDVEDLEE, REEZOEL I LINOBEEZRAS. £oT,
BTNV U BT U708 KO KB TE B Z L 2 AT WD, %
U o 2RV DIEPRE DO Z E TREEEZRAS 255, INIERHEOR
BIZEDEEDOEMPEI > TVWEIR/THD. ZOIZens, MUARY MI—
FHZSMUZZMHFEPRED LU LW &0 D SRR 72805 BA I kR % 705k
LEFO>TWE IS, ZOKKLEMRT LKL LTRLIEA Y
DBIZ—HEIZA XY MATo 7 N2 DM - 72 EEZ EHE 5 5 SNS A EFRE L
TWAEEEZRS. AP E->72FEIZHD CllR->72EEHE L IEWE UBtH % 5 L
TWBIZE22H 6T, TOADELVARTAT147T, TLTMEERLEZ»-7-



1. i 1.2. BURDFE

DPZEHEIZREZENTES. ZhiE g ARy b OEBEIZHEFIZRND
[4]. EHED ARy b CEEZ®RD LEAABFAL LI REINTHREZZ L
DHdHE5BEEIZRS. LML, AZENENAEHLTWVWSHDMNEN, 0D
AR HEIZ U725 TWAZ DY HODEIEERS LA
DEBPSINODEAEEZRL L LV HAOHRPREL SN T LI LNTE
5. ZOZENoBAEOEEIR, BELWHIE/RALALTWEEITTRL, &
BETHELTWRDILEWEEZ OGNS, LA, EEDSNSOFHEZEZ S
CRIEEALZVWRS AL IFEEE WY - LEfoTHELTWSE EEZ S
HBRELWVLODRE LIz,

1.2. IRIKDERE

1.2.1 #=E

BEHOMFIZEI OS2 AT 27/ B T NI AL IIa=T 19—V
ZADHEHIZLVH#ATE ., KEFFREH TSGR ZEALTWEZ., ZLT,
XFETOFRENSHEHREDZ VWERLMONSE LS ITho7z. FHRPEHL W
S B DRIEAR D & 1 > & — 20w b OERIZME, BEMEE L CHEIZBE D A 6E
ST EMOTVRIVDEREEDEAD [BEA | Y- ARG Lz, Z
D IEA] = RALF, AATNSEFEFEA NI —EAEFEZHNTELT
Wpo - EEOLHEFTS V- ALTETH S [3]. BUETIE, 1 VX —%v bD
HARBFEREIZHUHILTAY = T v VA =2y hEFHLTCIIa=T+«
2T 5 —EABLWR L. A= 7+ VOBNF T T 5 A0 E K%
FboR LHAEGHSTRELHEVTVWAEFENZ2H WS Z & TRENIHIES
NEEEOBNVEE 2 KB ICHBICRY T 22N TEL L2857 5. 2L
T, ZODAY— 74V THEINIZED%E SNS THRIFIZY 27 £TTBHZ 2N
TE5 L5007, BMiOFEIZL VAT T ADEHE% I FRE I ik
WTAHIENTED LTk, MALHBIZEE.2S 2735280 TEL L
IR o7z, FEMDOHKZEIFE / ZITTRARHBLEVIAZABVWEDEER LN
DE/EFMALTUEAS Z 2120 THHELL TV o7z, LAL, BEDEED



1. i 1.2. Bk DR

EEHETEF YT UENLRWVEHETEH S, T, B INTWAEEEIIARY
WZDDOENN BB TIE R A=A 2 > THRoNEZBREOEETHL VWD T &
Thb.

1.2.2 BFEDOXL

DOENNARERE U 7B & i 2 17 o 2RI AL B E D TWVwWB e nwS 2 &
Thsd. ZOAVIILDOEH K BHHIFKESNT, WORBIZDNDLMGRN. %
DEy, NATIVDRRIZEZZHL L THRA T ZHIFRHELUOOENN - B 2 /5D
EWVWHITEILEELTIICIINERZBD S, T LT, BITOBEEARS XA I
¥ IR IEHEZ D DOEN N2 BRE TR KR AR Y h & & Tl T S %2 3%
5LV DB BE BRI I NEZEERSVWERIZH S, T
@ia&%%@&%syftwiﬁﬁ%tXVFiﬁ&< H 4 & A8 ORLSRE
DAVIZEDRDB>TWVWD. {2 OREIENE < BEHHIGE-TWS. TDA, —#IC
A XY MAT o = KU R EFTEMIT 2 LT W00, fIZDOE)INZDPhE v o
RO AXVIIBREOFEHEOME HIETIEY 27 LENTLARL.,

fb A B2

X 1.1 Ko XV



1. i 1.2. Bk DR

1.2.3 RADXL

HEDEEDOIAETCELREEZ2ILGT LI N TES. LIrL, ZOHADXL
ERETHILNTERLIE, SOIENEZIAT LI LN TEDLEZS. B
EY 27 INTWVWAERIZSNSIZE D KREL NS, LINE O X 5 ICEEHET
EXROED 2T BRMAIO SNS TIEHEEHS P H-o7-FEEZEHITED Z L.
% LT, Facebook * Instagram D K 5 S ARELBUZ [T CTEHEZ &R 556
LD SNS Ti, HEDBEDNA T4 b & D% SNS HORHIZAEDLED D
BWEDZEIMAMDDH L. DED, KHEID SNS TiEE < DOffHERHTE S
ROV IZEDFEEDR —-BLOE N EEBDPE NN T4 F2RT Z &N
TETWVWRW., #EHOD SNS TIEEFREDONA F14 FeBbN 2 EEEZRHZ &
ETESDD, AYITLDOEWBEDGTELRDY, HLUIFESNSDI—H—(Z
BORIEEELONHET 2 Z N TER.

ftb A EE)

X 1.2 #HHFOL

1.2.4 #331F

ZOWER AL EHAD XL D2 OD XL 2 EYNZi5ET 5 2 & T, —Fi
ARy MZFT 2 2R AREBEPMTZ LT\ =Dh, D& 2B LD -
DPNEWVWD Z L EBERBRTAZENTELLEXS. HADRETIEARWIAHS
D> TWHELRZEBERERS 5 WO 1T 8%, MEGRIZEX VEBERRT S Z &N
TENE, HEDOREZ LI VEDLI LN TEELIIIRDEERS.
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1.3 ALV DEIE

1.3. #ARE®

F9, BVWHEEZIDENITRIZEESTELE WS EABR, SRR ES
A1z, B2 X 080T T 2T UK Z I Ud o 2F R LTRWED
HEZT2Z Ik EFEE2L. ZORWHOET 2L LT
IFEEBE LW HEREIFSNS, LA LB —RICWrT 2w SERN
HBDEIITHFRIZLDEBEL D EHRE DD > I EEHFEOEARD /i DIA L — X
DIEMEICEEERZT LI eNTES. BlfE, BEOLAIZX > TREEL AT 5E)

IR A R NS Y — V2T 2 Z 2 iZ ko TITbNTWA. ZLT, 2THHD
SNSY = I AL FEEA2Y 27T 5I10H7>TLD AL —RITIT S 72IZFER
EENZT H72DDRE% REEEED D B, LD LEDIRD SNS OIERETZ 1J Tldffise T
ETCVWARVWIELRDH S, BROBEEIFFROFED “ K : GHROXL 7 123 L7
BRIZTN—=T DA N—HET 254, BaPRVHERETSI LN TES
HiPH X KB ORI D TH L HD CTEBICRERZ U722 L %2 LZEED A
THBEVSMENRDHD. 2F0, BUROBEETIZ—#IZA XY MIfTo72kY]
REATE M Z L TWZDh, IZDOENNZDPE Vs RO XL L LD
W AKER % U 7B & R0 & 4T o 7RI A U A IR XL isE TE TR
WEWo X VIZEETAMELH D, ZOAVBAEUBRKNE U T FOEHD
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X 1.4 ADOXL LD XL DRI
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DEVWEDTIERVWEWSRIERH B, INEEEZT, A TIERETIER
{, $VHEEZEST272DIEKEREZH NS, Z OEMRIGRIZE > 7-BEFIX
IRIEANRE B 2 52 5 2\ D — I3 S IR 2 AT 5. ZuhEo k>
RN E 2 5 2 50 % RN Z 124D, RPHEEZ LU TEVWHZED -
W ZKEHT I N TE 200 2HETS. oD LS KM TIRHE
SOFETIHRVAHSOH > TWEHEEEZERRT 2L WS T AE I SIZEA
PNZERER T 5 Z DR D L5 I T L Vil E2 D 5 Z e k2 D%
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2.1. BEICT<BIDH]IEE

ARKRTINANRERL, REFZEEAA, HAVWEDOZADITNIE, W
DTHEZTHELARIZNNDOGEEN Y TE L LD R>7z. T LT, T
W, 332 —vary¥-—UCALLMEEMRITEME LTS, 1999 FIZHAED
T4 AL SHFTHIO TH A T4 E#EHERE [VP-210 (Visual Phone) | 2%
MRS Nz, ZOEFEFTFONATIETVEERY —CAHOEHERTH - 72
DT, NATDOL VY AXDEFHEMIZH D HS UKD Z N TERP o7,

2.1 VP-210 [9]

ZLUT, BAED2000HIZT 74y (BEDY 7 bV 2) 25 TJ-SHO4] R
FINZ, BHIZAATOL Y ADMGE, BoRVBTEE L5V VXD
INSIRMESE AR BEINTWS, FIEDT L EEFY — Y A OERE TIIR
o BEEHEA—IIVTENDERG DA A Z A SEEREFTTH 5 [3].



2. BEASE 2.1. #EIZAT < BT D HTFE

[ 2.2 J-SHO4 [5]

ZDFED 2001 F12 J 7 4 V1% J-SHO4 [5] DF ¥ > R— 2 Thgst U 72 Witk % &
TA—NVIZTMI U CEER2LETES [BA—)V| Y=L REREHALZ. ZOY—
CAEKey FUT, EEFEFERICKERSI VNI NEEZ T2, £HDT I
BRL, WA TNEOEEEFT L BY L -EE2EBFA -V TCHETEL Y-V
AWER Uz, STRAIHIZELHN I =128 &, T A THRDNT VR W
Bkl ZRTOPREIZ R > TV RIFZIFIETRTOEKIZHT A THEREDRDVT
5. TLUT, T—XA CEEZR>TT—XADA—LTELIILE2HELTW
[BA—)V] Y=V AL [EX] LiEHIN, [7T—2 1 TEE2 kRS Z L] A%
BISELUTESE L., KRIIEEZA-ILTESLZ 2R Z2BLTWZIZE
26T, BEATEST] LVWHIRBIZBETE —EDOEIHEbhTnd. Z
D IEA] LWVWHIREHEZSWVENTWS AEZA—IV7ZIF TR SNS TEER %S
RIZEHEWRETH S, Tz, HERMIIBELINTWE [XA—=)L] W5 Y —
IVIEH, BOE TIIAL S5 O B O 2T B8R 2D ID & UTUAMEIE L
W TOaAI a2 —>a vy — e LThIEVHEHALAELS o ADA T
ETWB., BEZDARA—=LORDOYIZ TLINE] XS BLHAOII 2=
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r—avSNSEZRMALTWS., A=, MAHrOHKNZRE>TIT>H, VAR
VADRNWRHII SNS ThH 5 LINE IFHHD R T kEEHL. Zidala
== avDN—=RLVPR IR0 FER 5. ZOFRIPZIZIEY 7IVREE
TEHZ2EDODTSZIRXITFEE L VWD VT IVREREZEK U B Z N TE55EHY
TNREDTHD. D2F0, A—DPFLVWALDIIa=r—YarY—)&
UTEBUTCTLINE RARBELTELEDIRAY— 74 I2& DA Y EZ—% Y b A
ERINZJAFE 57272072 THRIAIa=r—2aviz TV 7)) 2RdDBH LS
Ko R THE2EZONS. V7 AV KRIIar—yvavedE#ESS, ¥
FAEEE, EiE, GEPHEOP LV IIMHFOR, R, Zv, Gk ok
WEB/ONDIZDOTITNEVWZRDS, FVTNVRIAIa=r—Ya v EXXFDOA
TlEHRZEHE DHE SNV Web, 78X —, SNS () 2 \\WolzbDTHB.
A—)b, LINE, F¥v M, FEVTILVOHRTE, VTVEIRGSEEY 7TLVRDH
DEmb. ZUTIDEG)TNVRAIa=r—YaryOhTh L AR ZADHE
S LIRUFRELTE, ARV TV EHBRROBHEREDLZ X I2LD, XY
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WO, ZOESITHEEZEL THFORBRE ENZITRONE PRI a=r—
VavORTHEHEIZR>TWAI ERbLND
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D TEFEE] TEZKDOAVREHSOR=U %K > T\, R SFEO K S 7%
HEWIERAHOHFHDENTH L. ERRID TFacebook, Twitter, Instagram]
XHADATHS. UL, RO [LINE, # A4 =2, Fryv ] ZHS
EMFEIN L. (BRI Facebook # ANV T WA AY, Messenger D K D72 F v b
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sases gy T 18:09

< PILINLEVER

414 g

41
FILICLatERs,

2.6 7N [31]

2.2.3 Google Photos

Google Photo IZEAMIZEED A N L=V Ny 7T v 7O 4IfHbI s —
CATHDINIIMAT, ¥V I —=V I HEifi% -7 CNN (Convolutional
Neural Network) IZ & W EEZHEWIZAF Y 35 HAEETHS [13]. Z
@D CNN &7 1 )V X NOHEIEDEHR % B AA A TIERS %5 Convolution Layer %
HA U7z, Neural Network DZ & Tdh 5. D% D, Google Photo Zffi5 Z & T,
A—PF—IXEEIZ (DM -TWEDD |  [HENM > TWBDH ] % Google
Photo M H6HATH LS ZEWARETH S, £/, TVAXRY MEREZHS> Z &
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WZEORITRANRY DTS S A ZEEDOHP S HEWIZRA MY 3y b %
B, GRS E 2T T—EOICT2MHEELZITIZLEAEETHS. D1l
2B, HEIIZZ AV ZDOP ot BEP T = A -V a VI hi5H, TH%Z
o TEONTZIa—V Y I T A Vo MR EREEZ[F > Tz VX —F
AAVIMEDHBET VYV HEBNIZITS ZEHAEETH S. fiZ Google Photo
HEWHEBMIZIT o T NEREL LT, KiZELEEZ2HETLIL2ET Y~
1V RBERERIRITHED T VAN L& HEIZER L TS NBBEER DV TV 5.

[bre_J> o
ol
by
o o
XE -
o
A o o
o o
o)\ N g
o °
o °
o\ P
) z o o
convolution + max pooling vec | o \:
| nonlinearity | o
—|

convolution + pooling layers fully connected layers  Nx binary classification

2.7 CNN [27]
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HRIBZDOEED, WDOHFITIC

HEZILINLZE> TRIEPEANHALGTCERZREELTEITIE
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Fhs oHBEWEEITER D,

et el

2.8 Google Photos [29]

2.3. %8BI SNS

2.3.1 A F->STESIP>TCEEZH®HBLTVWEOD

REFEZED NZIHANT TRIET B Y — NV icE R I N EE IR FEE O BnWHo
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Bz N/ S0 2EZZ TEFEZIToTWA., —fICEbhTnwsd TOOM
Z1 CIEENBEDTH S, BifE, MABENL VKR SNS TH S [Facebook]
lnstagram] , [Twitter] ZEHEHOREIZL O 2T LI LN TE S [32].

¥ 2.9 Facebook Btz [32] (i@ %)

2.10 Instagram MLZ [32] (A v LR)
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B 2.11 Twitter Mt Z [32] H R/ XK
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HEEHRXODEHEBRNHTTEHEEHZM S, Instagram LA 213 FEIZ Y v LR
DEETHD. AVY VROBEELIIATII7NVTAHZR K L5 RHEEThLrbVL
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MIN-EEZET. UL, Twitter BRZIZIEIKIT 20V, 1R, LALAaR
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CHNIFRRIZARDTEL WV E WS ERACKk P S THAEDHSS] LW F v 7 %4F
D/ZLTLESTWVWAENRSTHS. ZOHBEOHSE WS F ¥ T D THBEMN
FFETLSNS TIX ) 7 VDR TOF ¥ 79K D KD e HHEIMEL AER T &
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77 T7XR7 A, RAKDOEE%HENIERKERP ARDZ WED LN AP
BB ENTES. BT, [LHEEEXLERITRIRZHENIIMNEZREZ LD
T&5. ¥72, 20O TOOMZ ] LIFENEEEE2RSZDIITF—% KRE M
WL 721782 32 NE I TL 2REME E, e UTRE<FEHI N,

2.3.2 Facebook

Facebook I EIZHFEL SNS & UTHIEHI NG, 4 7d oW 5HERE%E IR
M ATZERSNS Y —EATHS. MU SNS DA VERETHLIEEPE -7
Tea—Y—IIRETEHEZITTIIES, Wz cT7 581XV hefE
9B EEAAETHSD. F72, Messenger & EIXNHHEREZH S Z & TR R
SNS DRRIZA Y=V ERPDEIDTHZ L HAEETH 5. Facebook (ZMEH AR 72 1S
T, ZLOEEPFHLTWS. REIFFHAT 55 E X Facebook % Ji 5 1
R UTORMMAPHNOLAERRE UTHEAT2Z3H5. ZNH5DEIKIC
DB ONFTOHRTNA 714 hOGFREIZERT 5888 £ L T Google Photo ®
PRI -V —IIH U TEEZ X FREIIH LTl a—95 K512 d Y
XAV RNIYATLANRDS. 72, 7 On this day " BEREE XN 2 D23H 5. Z
NIFH - LiPRIZHEDER, KEOHEMLY, BAN T LD, BANRXS
MFEN7H LizbDH, 14T, 2FEMOIOHDTEHE L THEIZHMT L
TANBERETH L. BRIZADSPEBMUIZNT T4 MREERMADNT T4
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M HEEZ FIR U WRHZH T 5 SR 2 TH 5. Iz BERIZEED
R 5 K% BT HEEE ©“ Facebook Moments” H# L TW5b. Z OEREIZEED
BRTIERL T 7AR= M REERGTIRCBI 2T —EATH L. ORI
HEBRHH LWBSRE T H 5. Z DFERELART D V5 A IIRER D 2 1l SNS D & 5 0B H
OHEEFEU LiEEZHWTW, G LHEOHIE LT, KeE) A+ zfEoTHAe
TLTHER, TIUWNLEFEDIN—TIZHINT 5 5iETHE. £/, A XV PO
U —IVTREYUMZE RE S HiETHS. Z D Facebook Moments &, 27—
TTHPT RN —T 1 ODRIZKZEL LA % U 72\ Facebook (Z#FH T 5 1%
ETHHWEHE S > L RSRICIAFSEL Z L ICRE L2 TH 5. 20D
PHERGRFLAMT 1L Facebook D AN LHIREZ R oKD THB. DF D, BEEZT v
TH—RUERHIZZ 2R T DR TNVTY XLTHS.
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12:45 PM

On This Day
[ Sstatus 33 Photo

Q CheckIn

~ s 20
2 Years Ago Today b
D i

1 YEAR AGO TODAY Stin, Mar 26, 2014
David Woods

David Woods
Liam and | feal the same way about hiking — with Eim Sum with the family! — at Chinatown, San
Amy Nguyen and Eric Brooks at Windy Hill Open TAnciego
Space Preserve. 2 Likes
#» Share
2YEARS AGD TODAY

Sat, Mar 26, 2013

1 David Woods
BERl 1a:ch 26, 2013 in Palo Atto, ©

Liam and | feel the same way about hiking — with
Amy Nguyen and Eric Brooks at Windy Hill Open
Space Preserve,

2.12 “On this day” B&#E [20]
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Who sees tag suggestions when photos that look like you are uploaded?

When a photo that looks like you is uploaded, we'll suggest adding a tag of you. This
helps save time when adding tags to photos, especially when labeling many photos
from one event. Suggestions can always be ignored and no one will be tagged
automatically. Learn more.

Friends &

Who Is in These Photos?

The photos you uploaded were grouped automatically so you can quickly label and notify friends in
these pictures. (Friends can dlways untag themselves,)

2.13 Facebook Moments [26]

2.3.3 Instagram

A Y ART T I Facebook DR TIZH BIEHICANLDH S SNST 7 r—a
VTHhD., NI EERREEZENHT 21— NS VAR T T L EMHHT S 1H
W25, ARN— M7V CEHEERLIEREEE2%XLI % [BEA ] LIFA
TWED, EEDEA =L EFHETIZSNS o > - HRodizizzn s o
TEIDZeE T4V AR] LIRRE WS FflE EIFonsd. wxlda—¥—»—
FEIZ—BOEE UM TE R Doz, ZRICMATEN S ¥ 7Y 3 v Lk
SNV E WD FRICHEREIZHIBED D > 2. ZOHIENZHTIZA v AR T T LMEAK
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WRW, T ATy 21 KB ENETOMKREE B LIRS 2 Z e Ta—¥—
DODOEFFEEDZA VART T DX D 5L AR ML L HIBRIC & D X F%
EDIZDNAFTY TF ¥y N THDB. AFvTFyy MEIAve—V@EEE2M->T
FENTELLWVWI Ay —VDHEDOK L RN NZ L THEAILR -T2
SNST7 TV —>avThd ATy TF vy bafioTEONZAY E—VIF—F
DRI D EHA S, THiE, —HEFEKA S LHRNICHERTEZRVWE S 1Tk
LEEEETH D, ZTORREIZ L D X v v — YV DT HIIMRD TEBOEMBIZ X 525
WEDWE DL o722 E2 5. ZORRIZEIRE L TERT ZENRTERVE W
S HHAR 2 BERE IZ B 2 2T 7D SNSEZ V. A VAR T T LE A =Y —
BED K D LK TR WERFR O ARREE HHE T L K 512>z, ZDOA M-
D — BB B EXEE & R E IR RUTEZAD N TES. L,
INSDERIEI—Y —DT T T 4 — N R=VITIFRFE ST R,
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2.14 Instagram’s first post [16]
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2, ZUTC, FHPFHEEITBZLSIZLTWSE. L1, ZThoeDL 5%k —
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5. FHINA 4 NDEEZEY 7Ty 795K UTCHEDRN T OV AT 14w
JIWZHBDOH & F LR Z M- TEAZ T 5 HEE ATHEEIINA 71 N TH S
fEf Y CHBNIZY Yy 27y 72 L TH 5D [iELRH L. FiHTHLT 0
VAT 4y ZIZERT B HEITEY ORIEVEN B 2 IR A S e T
EEPH N EREDR PP TLUED. BRETHLFUTOANLHBEIZ LS NA T4
N OEHIF Y FHH OKIE A2 BT T BN NS 7T AL & HEITSDOTH I
REI DS S R WAESEMEIZRIFTLES. 2o D &S BRBITOAKIZEIT S
RWHTHD [35h e RHR2D 58\ ZUT HEFEM] Ob5EH HEND
NIERWEF R 5., 2F0, HHEKEEPITITICHHOREEZEFTHE LiznT
T4 N BONDZEAEDOEJDIRER HENHONIXEREEZ AR L EXEREE
HAEUZBEICE SICHERE2 BTN TELZOTIRVNEEZ S.

2.4.2 BEDIYAI VT ERBIRNA TR

I o DI B IRANZIEDRH L. THRIZIZES i, simonTwie L
TOEH2IRS XA I VPRI VIRE TELIRAPH L. HBRVWEHIX
AR U WRIEDP BN W 2 T2 2N TE TSI L THS. L
U, BT TRELZVWBEMENTWRNWI 824 H 5. BUROB AR Tl
aA—H—=i& Twol, EomH] 2EETHRD "% O CHRREICHEZ2 B b
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R NUEZR S0, BUTOHIETI, BRI LU 2 WG B W 2B 2 & 5 2
DATNEEIRNA T ADMENT U E 5. BN 7 AL, HRIGEREINZEDL
BIINZD o725 DL DRIZR O NBREDEIZ L > TET 2 R/HNLRHAETH
5. ZOBERNATRA2END HED—DL LTI 707 LIFENEEDNH
5. BUE, 74 7071 3kk% REE DL, T 2B VTERTL I 2P,
Twitter TY A = TE52EHI714 707 5bNII7ATHD. ZI T, Z
DFERNA T 22 RNETA 707 13T =Ry - RVEKHAR UL D /N A R
T X D BRE AT N — R 21TS 22 Tl HORRER T iz ERL T
5. BROAFEZEIBZODEDICAOERZEZAPE LWL S ITHL 2B Ui
AT Z2HNMAPDA XY MR RITNIE—HOLTZ B S 5ifk £ CHMER TRikk
THIENTEE., ZOTATHTZTOIBBMOALDILETA 70— LT
B ZOTA4 70 H=IZBUTIE, WORDOMELRINTWS. HIXIE, 74
TOTEITDZETHAIHHETHE 74 70— ZDHODALZIZED &
DI EDPRIFEINDEDPEMELI-EDRH 5.

X 2.15 —fRHI7R T 1 7 1 2R [17]
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X 2.16 —#E#I7 T 4 7 1 H— [10]

4 7A7MHE

BE, 2147827 UTE L OMERHB. LrL, 147072 NeEL
Tt Z EO 2 HIZHVEMEILE U TOEBRIZZVWEIEFEA R, F14 78702
DWTOMETEAREDIEZ Y VF (2016) [ZKb T4 7R TFEETH 5 [25].
7)) vF (2016) IFHFEE I N—TORITHAELZF74 70 72OV THEZIT-
7. UL, ZOERTIZZN—FIZEBHLWRERCZ 0% W CGERER % 47
W, GUEE L DENITEE VS L EZHMIZLAZEDTIER Y. ZOMZETIX
HARZIRMTIZ B T 2B 2 50k L 2b i Tldiy. B idsaicay ba—
VENFEETICEP NN L 2R TV 2 WS IR X Nk T Tirbh 7z,
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RIS L BHHEIE 2 ) v F (2016) D & S RHIE X N/ R0UIZ & B EBRTIEZR
CHARWIREBTHARBENDHD. HAWKRN FIZEWTITHEHZ L TWAHFTIF
DELO>BREHZRHEL -

1. DMK

H UL, oMo A R MY w7 ZAFHE
2. ZH

H LK IE, ZoftiRiEoz2(b
3. &KW

UL, ToMESE

INSDEHZAET S L TEROHELZWEBIENENN BRI 5D, *
LT, ANeHEUZWEREIZRDZ N TS50 %2 HET 5.

= > Ay

X 217 2V vF (2016) 12 &k BHEEDRLT [25]

NS4 NDOBREIZBARICIERE T 55% : SONY Partyshot

SONY 7 &5 fi7e & 17z Partyshot & 1357 X T OFEFATIZ /<, EEMHBEHEX
PSR Z HWTIRE 5 Z L OHRA KRR A JEERETH 5. BifE
IZ SONY D SIRFEFIEINZEHTH D, RIEDEZAL AP NN=T 4IZENWT
HEHWERE 0 BRGRN 2 ZEME2 S HEI TP T 5 2 & Biisks &)
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Partyshot DERK H I A 72 D BIREE W D TH -7z, LA L, HEKIZIED £
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EHWSZ LR T B Z ENAREICR > T L E 722 W MEDH D
m%mgmf%@<%%Té%&?«%%itﬁ%%%izfpmwmm@%%
ZHHL TV
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D5, BN LAY ODDENN 72 B 5 B R D e, 2T s D
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Bi%ﬁi#m<0#$f6m5 COHEFZEH TG ZITIITIE AT ON
W R S0, 2O 360 EREE L THREZITD 2B TE A0
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DEEYZIORE, B AT IZMSEEFHTHTE L2 UL 7R 50w &0 5 BB
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HAZHHNWSZ EIZEVRRTEIEDRHREETHEEEZLNS. 26D
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HEHWERLE 20 EEIZE 5 AORME
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Intraday heart rate data

Get one heart rate measurement per minute or second for any day you want!

160

Detail per Minute

Level © per Second

Date 11/10/2018
Time Start time
Range

End time

Get the data

Download data to .csv

3.22 Pulse Watch [18]
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Proof of Concept
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4. Proof of Concept 4.3. EERGAM
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4. Proof of Concept 4.3. EERGAM
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4. Proof of Concept 4.3. EERGAM
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4. Proof of Concept 4.3. EERGAM
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4. Proof of Concept 4.3. EERGAM
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4. Proof of Concept 4.4, FER
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4. Proof of Concept 4.4, FER

LR ORI Z R L TWa. YiHillds Z & o0 a8o ER (BPM) 2% L T
Wb, BAFRX EHIZAET S > SCORWVIZRITBDOEAMETH L. 11
BafinwTns ALy Yookt e &L Twa. kRitoLE 2K
INAAIZ EFLUTWAEHEWKRD EIZH BFEDKRA >V "R T LT ALTE Y 7
Ty TEINLDENZEFEZSNLBETH S, T DLDOENN BRI S I
EWIZE D DOBEN - A R & T

4.4.1 7ILTY) X LExBWIEAL & DDOEI 7= B

ARIIEL D EROBUEIZ L 0 7T XL R FHWTIRE B SN & 50
DENNZBRE D 7T 7 S 0DEWBEIX 18 FlH -7z, £3, T ISMHEDR
A2 IS LDENN 2B A EWIHIZ 10 ffiIcK -7z, 2L T, T 10 fFDHH
SEVIZ L o TLDENWZBHDOAZIKEH U2, SEOZ T 7h61%, 10
SMEDENI L > TLOENNZBFHTH D, D 5 DIXHEEFIZ L 0 IRfgD EH
D= DRELBRI-ETHEEVND IR nho7-. IKEHITEHHDE XX
RO —27 O LEFADOKFOREINPEWVIZERKEHTHEE IRV, ZO5EDFE)
HORIFIMRMDOE —27 O ERKFHEP—FEEVWEDT17, —HENHLDOT3IW
FOEZIZR>7-.

84
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import matplotlib.pyplot as plt

import pandas as pd

import numpy as np

get_ipython() .run_line_magic(’matplotlib’, ’inline’)
hr = pd.read_csv(’2018-11-07,,(1) .csv’)

hr.head ()

# Define the basic observational data on the ’laugh events’
# Xmin and Xmax give the duration of each event
# Rank gives to relative intensity - weak, moderate, strong
rank = np.array([1, 2, 3, 2, 3, 2, 2, 2,
1, 1, 3, 2, 2, 3, 21D
hr_increase = np.array([1, 2, 3, 2, 3, 2, 2, 2,
1, 1, 3, 2, 2, 3, 2])
xmin = np.array([2,15,24,29,43,66,72,80,
84,90,96,105,110,115,119])
xmax = np.array([3,16,25,31,48,67,73,81,
85,93,97,107,111,116,120])

# Then we define a test to objectively say if
# heart rate increased following the event

# We choose to answer this question by whether

# or not a local max. (peak) happened within 5 timesteps of
beginning of event

def hr_increase_test(xmin, hr, span=10):
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hr_increase_results = []

for x in range(0,len(xmin)):
if np.mean(hr[’Heart Rate’].values[x+1:x+span]) > xmin[x]:
#if np.mean(hr[’Heart Rate’].values[x+1:x+span]) > xmax[x]:
#if np.sum(hr[’Heart Rate’].values[x+1:x+span]) > xmin[x]:
result = True
else:
result = False

hr_increase_results.append(result)
return hr_increase_results
#hr_increase_test (xmin+((xmax-xmin)//2) ,hr)
#hr_increase_test(xmin, hr)

hr_increase_test (xmax,hr)

#
hr.plot(x="Time",y="Heart Rate")

[0] *1en(xmin)

[1] *len(xmin)

colors = [’r’,’b’,’g’]
plt.ylabel ("Beats Per Minute")
plt.xlabel("Time")

ymax

ymin

for mi,ma,r in zip(xmin,xmax,rank):
plt.axvspan(mi, ma, ymin=0, ymax=1,color=colors[r-1],alpha=0.2)

# Plot a horizontal line, showing the average BPM
# plt.axhline(y=hr["Heart Rate"].mean(),

# label="Average",

# c="k’)

from matplotlib.lines import Line2D

custom_lines = [
Line2D([0], [0], color=’r’,
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1lw=4, alpha=0.2)

,Line2D([0], [0], color='b’,

1lw=4, alpha=0.2)

,Line2D([0], [0], color=’g’,

lw=4, alpha=0.2)

#,Line2D([0], [0], color=’k’,

lw=2, alpha=1.0),

,Line2D([0], [0], marker=’o’,

color=’w’, label=’Scatter’,
markerfacecolor=’g’, markersize=10)

,Line2D([0], [O],

color=’orange’, lw=2, alpha=1.0)]

import peakutils

baseline_values = peakutils.baseline(hr["Heart Rate"])
#hr.plot ()

plt.plot(baseline_values)

indices = peakutils.indexes (hr["Heart Rate"]
, thres=0.25
, min_dist=b

)

plt.scatter(indices
, hr["Heart Rate"].iloc[indices]
, c =g’
, s =50
)

plt.legend(custom_lines, [
’Mild laugh’
, ’Moderate laugh’
, ’Strong laugh’
#,’Heart rate avg.’
, ’Major jpeaks’
, ’Heart rate baseline’
]1,1l0c=2)

plt.savefig(’Exp_Hear_rate_trends.pdf’)

# baseline = getBaseline(hr)
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# for laugh in strong:

# get next peak_x:

# peak_strength = hr(peak_x)-baseline(peak_x)
# laughs

# avg_increase_strong =

#

rank_names = ["Mild","Moderate","Strong"]

for r in [1,2,3]:
print ("Looking at, {},laugh
Luuuevents. . .".format (rank_names[r-1]))
n_event = 1
dists_to_next_peaks = []
for i in xmax[rank==r]:
print ("Event #{}".format (n_event))
n_event +=1
peaks_following = indices[indices>=i]
#print peaks_following[O]
dists_to_next_peaks.append(
(peaks_following[0] - i)*5
)
# Assuming 5 seconds per timestep
print ("Time_until next peak =
vooouooo{d" . format (dists_to_next_peaks[-1]))

print ("Average delay = {}".format(
np.mean(dists_to_next_peaks)
)
)
#
import peakutils

baseline_values = peakutils.baseline(hr["Heart Rate"])
hr.plot()
plt.plot(baseline_values)

indices = peakutils.indexes (hr["Heart Rate"]

#, thres=0.02/max(hr["Heart Rate"])

#, min_dist=0.1
)
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153 | plt.scatter (indices

154 , hr["Heart Rate"].iloc[indices]
155 , ¢ =g’

156 , 8 =50

157 )

158
159 |#indices

160 |#

161 |hr_baseline_correct = hr.copy()

162 |hr_baseline_correct ["Heart Rate"] -= baseline_values
163 |hr_baseline_correct.plot ()

164

165 |#

166 |data_obj_slope = Data(hr.index,

167 hr ["Heart, Rate"] .values,
168 smoothness=0)

169

170 |#Peaks by slope method

171 |data_obj_slope.get_peaks (method=’slope’)
172 |#print data_obj.peaks

173 |data_obj_slope.plot ()

174

175 |#

176 |data_obj_interval = Data(hr.index,

177 hr ["Heart, Rate"] .values,
178 smoothness=1)

179

180 |#Peaks by slope method

181 |data_obj_interval.get_peaks(method=’interval’)
182 |#print data_obj.peaks

183 |[data_obj_interval.plot ()

184

185 | #### Nov 21 Experiment and Video Clip Extractor
186

187 |#

188 |hr = pd.read_csv(’Data/2018-11-21,,(1) .csv’)

189

190 |hr.head ()

191

192 |def get_sec(time_str):

193 h, m, s = time_str.split(’:’)
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return int(h) * 3600 + int(m) * 60 + int(s)

hr["Seconds"] = np.array(
[get_sec(i) for i in hr["Time"]]
)

hr.Seconds —-= hr.Seconds.iloc[0]

#

hr.head ()

#

hr["Duration"] = hr.Seconds.diff ()
hr.head ()

#

hr.plot(x="Seconds",

y="Heart Rate",
figsize=(10,5))

plt.ylabel ("Beats Per Minute")
plt.xlabel("Time,(s)")

from matplotlib.lines import Line2D

custom_lines = [
Line2D([0], [0], color=’k’, 1lw=2, alpha=1.0)
, Line2D([0], [O],
marker=’0’, color=’w’, label=’Scatter’,
markerfacecolor=’g’, markersize=10)
, Line2D([0], [O],
color=’orange’, lw=2, alpha=1.0)
]

plt.axhline(y=hr["Heart Rate"] .mean(),
label="Average",
C=’k’)

import peakutils
baseline_values = peakutils.baseline(hr["Heart Rate"])
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235 |#hr.plot ()

236 | plt.plot (hr.Seconds, baseline_values)
237
238 | indices = peakutils.indexes(hr["Heart Rate"]
239 , thres=0.25

240 , min_dist=20

241 )

242
243
244 | plt.scatter(

245 hr.Seconds.iloc[indices]

246 , hr["Heart Rate"].iloc[indices]
247 , c =g’

248 , s =50

249 )

250
251 | plt.legend (custom_lines, [

252 ’Heart rate avg.’

253 , ’Major jpeaks’

254 , ’Heart rate baseline’
255 1,1loc=4)

256
257 | plt .savefig(’Exp_Hear_rate_trends_Nov21.pdf’)
258
259 | #

260 | from scipy.signal import peak_widths
261
262 |widths = peak_widths(hr["Heart Rate"].values, indices)
263
264 |widths [0]
265
266 | #

267 |peak_info = pd.DataFrame()
268
269 |peak_info["Width"] = widths[0]

270 | peak_info["Height"] = hr["Heart Rate"].values[indices].copy()

271 |peak_info["Position"] = indices

272 | peak_info["Position_Ts"] = hr["Seconds"].values[indices].copy()
273 |peak_info["Position_Time"] = hr["Time"].values[indices].copy()
274

275 | peak_info.sort_values ("Width",ascending=False)
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#

#print (indices)

hr.iloc[indices] .sort_values("Heart Rate",
ascending=False) .head(10)

#

hr.Time[baseline_values == baseline_values.max()]

#

## Processing video data with moviepy

#

import moviepy as mp

#

# # Import everything needed to edit video clips

from moviepy.editor import *

#
hr[-5:]
## Load-in an original .AVI video

#video.close()
video = VideoFileClip("Data/Experiment_Stitched_Nov21.mp4")

def overlayTimeseries(video, timeseries_df):
edited_segments = []

timesteps = 10 # Set to something small like 10 for testing
for t_end, duration, index in
zip(timeseries_df.Seconds[1:timesteps],
timeseries_df .Duration[1:timesteps],
timeseries_df.index[1:timesteps]):

# Load myHolidays.mp4 and select the

subclip 00:00:50 - 00:00:60

print ("T start,=,{}s, Tuend, =
Luuuuuuu{rs" . format (t_end-duration, t_end))
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print ("Index = {}".format (index))
clip = video.subclip(t_end-duration,t_end)

# Generate a text clip. You can

customize the font, color, etc.

text = str(timeseries_df ["Heart Rate"] [index])
print (text)

txt_clip = TextClip(text,fontsize=100,color=’red’)

# Say that you want it to appear 10s
at the center of the screen
txt_clip =

txt_clip.set_pos(’center’) .set_duration(duration)

# Overlay the text clip on the first video clip
overlayed_clip = CompositeVideoClip([clip, txt_clip])

edited_segments.append (overlayed_clip)

#clip.reader.close()

final_clip = concatenate_videoclips(edited_segments)

# Write the result to a file (many options available !)
final_clip.write_videofile("Data/Experiment_Stitched_Nov21.webm")

#video.close()

#H##
# *
# *

H H =

*
*
*

+=*

algoritm overview

Find the peaks given some threshold

Find the widths of those peaks

Sort them by width and take the top 5 or 10

For each peak, cut a clip from the video stream

The start of the clip is half of fitted peak’s width before the
peak center

* The end of the clip is the peak position itself
* Inside each clip take representative image

peak_info.sort_values("Width", ascending=False).head(10)

119




357
358
359
360
361
362
363

364
365
366
367
368
369
370
371
372
373

374
375
376
377
378
379
380
381
382

383
384
385

386

387

388

389

390

391

fE% A, BEERIGRE 7 7 1 VDA

peak_info.sort_values("Width", ascending=False).iloc[:10].Width.values
def pullPeakClips(video, peak_info, nclips=10):
pulled_clips = []

peak_info_selected = peak_info.sort_values("Width", ascending=False
) .iloc[:nclips] .copy ()

widths =

peak_info_selected.Width.values

t_ends = peak_info_selected.Position_Ts.values
t_starts = (t_ends - (widths//int(2)))

for t_end, t_start in zip(t_ends,
t_starts) :

# Load myHolidays.mp4 and select the subclip 00:00:50 -
00:00:60

print ("Tustart =_{}s, Tuend = {}s".format (t_start, t_end))

clip = video.subclip(t_start,t_end)

pulled_clips.append(clip)
return pulled_clips, t_starts, t_ends

#
pulled_clips, t_starts, t_ends = pullPeakClips(video, peak_info, nclips
=10)

#
def writeClipsToFiles(clips, timetags, path = "Data/", prefix = "
Experiment_Nov21_Clip"):

for clip,timetag in zip(clips, timetags):
#print (" Writing to {}{}_T{}.webm".format(path,prefix,int(
timetag)))

clip.write_videofile ("{}{}_T{}.webm".format (path,prefix,int(
timetag)))
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392 | #
393 |writeClipsToFiles (pulled_clips,t_starts)
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