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Abstract

The goal of this project is to create a new artificial intelligence and to apply the brain
mechanism to real world problems. In this context, Group C worked to incorporate brain
mechanisms into artificial intelligence. We chose the brain’s emotional processing as
one of the brain mechanisms, and focused on the Somatic Marker Hypothesis, a theory
about emotions and decision making. The Somatic Marker Hypothesis is a hypothesis
that the brain perceives emotions as physical reactions, which in turn improves the
efficiency of decision making. Somatic markers are the signals sent to the brain by these
physical reactions. We chose GAN (Generative Adversarial Network), a deep learning
method, as the artificial intelligence to combine with the Somatic Marker Hypothesis.
GAN is a generative network, mainly used for image generation and transformation.
GAN has a part called Discriminator that discriminates between the data generated
by the GAN itself and the training data. We considered the discrimination as decision
making, and thought that we could improve the efficiency of decision making based
on the Somatic Marker Hypothesis. The implementation was done adding a block
that classifies the emotions received from music to the GAN, and passing the classified
emotions to the Discriminator as somatic markers. The emotions in the classification
results are represented as probability distributions output by the Softmax function,
rather than the general One-Hot vector representation, and are used for conditioning.
As an evaluation, we also performed music generation on a conventional GAN as well,
and compared the learning curves and the results of evaluation experiments. It was
found that the learning speed was inferior, but the difference became less significant
after a certain length of training. In addition, the ability to specify the emotion of
the generated music is a feature not found in conventional GANs. In the future, it is
hoped that the type of base GAN, the training data, and the method of determining
the emotion for the songs in the training data will be re-examined, and the model will
be improved so that it can outperform other methods.

Keyword  Artificial Intelligence, Emotional Processing in the Brain, Somatic Marker
Hypothesis, GAN, Music Generation
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2.1.3 WaveGAN

WaveGAN[1] 3EADER L LTHibI 2 GAN DFED—DOTH 3, ¥H/5iEIFZ GAN L FEL
THb, T =2 TN DRRINIT =L LT wav 7 7 A V2T %5, WaveGAN
X DCGAN[2] X 5B L 7 L THEORBUCEDEEENINTWVWS, DCGAN TIE5 X 5D 2
RIEDBAHIAAD Y Z 5%, WaveGAN TIE 25 D 1 ZITDBAAAIKEE XN TWS, DCGAN
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2.1.4 Conditional GAN
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Groupl: spiritual, lofty, awe-inspiring, dignified, sacred, solemn, sober, serious

Group2: pathetic, doleful, sad, mournful, tragic, melancholy, frustrated, depressing, gloomy,
heavy, dark

Group3: dreamy, yielding, tender, sentimental, longing, yearning, pleading, plaintive

Group4: lyrical, leisurely, satisfying, serene, tranquil, quiet, soothing

Groupb: humorous, playful, whimsical, fanciful, quaint, sprightly, delicate, light, graceful

Group6: merry, joyous, gay, happy, cheerful, bright

GroupT: exhilarated, soaring, triumphant, dramatic, passionate, sensational, agitated, ex-
citing, impetuous, restless

Group8: vigorous, robust, emphatic, martial, ponderous, majestic, exalting

IN—TREDED 4 THBEE IO DI LTI oNTWS, filZiX. Groupl
Tl spiritual, serious 72 ¥R XN TE D, Groupd (& humorous, fanciful 72 ¥N 73 EH X LT
W3,

(X &: thH )
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WiT L CTREREDO R Y bV =T RINHERN T2 Z e DR ETH L, TOOEFRELKIC, Z
NoEHAGDLEZ L THRETZETNVNDOEERITI 2 TE S,

FEEPHT L12D ZD0DETNOFRNESLARIN 2 EEHOLE - FHEi 2 TH RIS
R0, BRI EREWERE CHE»E, BMOBEICOWTORMICEZ T & 5 iR %17
WV, ZORERICH U THEIINFEZH WS Z e THLWETLOFMEZITS, T HI1T. BET—X
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FU =T 53— TRED &S B ARDIFRET 2 72D 3BE TR L TW B RELRD
b, Fi, FETZIITUTT IV ITOEMPBERRIRTH S, Lo T, BET 2AREDH
Fr LT MR T I, TERIBAECE 1, T, TMERLIEEE L) %505,
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CNN % GAN 0¥ B 2D BI12HT2o TREDT —XPRELRD, TDOT—XEF2, 37
WZH7R Db, T—ZBBDINEIEBEENTIL D RAE T — ZIZh U CIEMER TR E# 22 5, 22
T, REDT—XZMRITHIENTELT—XLy Ve HET LI IZEETHS, £/2. 7T—
ZEFTHDICHETERLS THT—XREMLT 222 &> THEHESTFEDLD %,

T—RXEAFT20ICLE R LTHENEBETREIATHI2RICT 2LELD 5,
FTHIZEBPHIUIEEDO T —XERALTH L0, L2L, 77 vy ZHIZEETTFIANTE
HTEx2Z0 207D THHIEEETFIIANSIZIEDTEST—Xty bOAEH-7,
Google D EE D 7T 0P = 7 b TH % Magenda 2 maestro LW 5 F—Xt v FEFEMELTW
%, maestro 121 200 T D Y7 2 2 L EBHIBMRFSINTNWS, 7 7 4 AERIZ wav, csv,
MIDI TH D, ZOFXFAIMT =& & LTHRWR TV, ZHUILEDKED T —Z 0 HIUIFEITH
% Z iE7Rw,

maestro 33 Y 7 A PRERORICEHEEINLHDTHD /A AR > TH D, b DlERT
BETIMTHEI R oTzs LH L, FEITIHFLT maestro BMEONTVWEZ L b HLDTREDT —
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R FIZANDFERE UTHEMIZETINZTDH 5, BN E OEIT & LT augmentation &5
bODHD, INST—XZKELITE2FETHINZINIT—XEMLT 2R0EDRDH 5, Flz
W, R KERX ) =592k, fi/hU7z) LTHIOEIRT —&X 2 LTIRkS 2 e TE 5,
WO T —EDPETHoTHEZANARY F T T LEMHIN LI L CHRE LTk
EPWTE S, Ko T. augumentaion 2 H7 —X 25 LTEHT 52 TE20HHIEES
Rlpotze ZZTHRALET —XOKELUHEIIMOWRETH 2, thr 1 I ICXYIh, EHEL
BWESIWHAEDESZ Z e T—20lN 6 SADT —XBeEART I ENTE R, HINY
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3.1 IR’EFEZE
3.1.1 #8m

SEEHT2ETVOMREN 31ITRT, FLMEHT2ETLVOEMEY T 4 v 7 - < —
=B TR D, SM-GAN(Somatic Marker GAN) &3 %,

AR
EE S i872
Z =P Generator Discriminator = o | - Fake

3.1 {35 GAN(SM-GAN) OEF LK

kD GAN L 242013, BENEEY 2 —APBMEINTWEHTH 2, BEIERI. D
LU DEIEEHWTE 2 X517 — 22 HWTHEE I E, I — X2 BRESHEERICAT
T2 T, BREREOMERIMONRT FhBFEHN S, Z LT Generator IZIEDFHI N7 v
L ELEUE A1 L. Discriminator 121& Generator TERI N ER T — X e pHI N T~ %E A
3 %,

Generator & Discriminator IZFI#7 — ZITHEL TWE IRV EZANT 2L 0WI HEDEZS
NTh, MR LTI ZET ZETIMT - 23D L5 BEEEZHWTI L ED 60
DO EEETHIe N TED, 20D, BEPEETHWS e Lz, £z, HIloETV
MCIEELED 5725 7 4 X% Generator & EIEDTHIRICATI SN, ARSI ERET — XIBIE 7
BERD DL 72 7~V ZH1) T Discriminator IC A3 %, L2 L. 2O TIE Discriminator
WA E NS Generator 2HDANENS TV LT — 2D I NUh—FET, HENKE
{BHO>TLES, Ko THIDETFTNTRFEEZED D Z e HAWNEHETH -7z, £ I TETNDSE
R LTHEOD SM-GAN 228 L7,

3.1.2 REREE

BAG D FEAR D FEIEICX, BAAA=2—F Ly b T =2 (DIF CNN) ZHWz, SE{#EHL
7= CNN ot % K 3.2 123,

BAABZITORR. 74 NVROREZIZEZHE L TEAAABZITOR., 74 VXOREXZ2ZE
BLTEAAAZITI, ZNREEHEHRORRINOEBNELZERT 2720 TH b, 74 VXDKE
X (L4 L@ D, (1,8 L (8 1)D2MATHS, 7 414% Conv2D BIZRES 7 41
X e Fi0BAIAHBICTE LR & LT ReLU B%Z A\ T BatchNormalization Z#MH L 7z,
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Conv2D Conv2D
(1,4), (4, 1)[@1,4), (4 1) \
AN
Conv2D || Conv2D | — Hh
z 48,6718, 61 BIEORES T
Conv2D Conv2D / :
(1,8, (8, 1) 7 (1, 8), (8 1) Global Average Pooling

3.2 RESEERICH W CNN

BatchNormalization 13Ny FHDF—XDEICF v > 220, 781 & LTIERLT 3
WHTH 2, COWHICL > TEBRZRESE, FEEEZRDL I ENTE D, 74 VEXDRIR
% 2 ODEENEIUIENMT — 2B AT h, HZEMHEEL S HIEAALZIT), &IEIZ Global
Average Pooling JEIZ A1 X415, Gloval Average Pooling JEI3%&F ¥ > XL DEHIZE N 2 KD,

—RILRY PV T 2B TH D, ZOWHICK 5T, BREDEHEEETO NI XA -2 eSS T
EMNTE L, BIESEROBERBEBICER ALY b —HBEEER Lz, . RlEBEIBucX
Adam ZfH L7z, ECEIEERD 28, Adam DAMCH SGD SiakE T ik, Radam % {#H
LFEEA L, D BWHERL 257201 Radam TH o 7253, python DN— a ¥ EZHEHNIC
TOREND oo N—VarERIMILIEE, GAN TA—Ya VBEWILZ T -0 4EL
el RICBWHER 2 o7z Adam 2 L7z, £/, FEKTROEAT —X% pth 7 7 4 v
THREFE L. SM-GAN O2EERHCIZ, D pth 7 7 A LV TEAREE L &GS % vz,

(SCH: KA

3.1.3 GAN

Generator I3ELBTHR I Nz —RITR Y b Z BRI T 2, Z0%. 1 ZTOinEE
HIABIEIZ AT 5, HMEBEAAAREIZ6EDD . EMHCEISBIC ReLU B Z A L7 72k
% DJEI12IE Tanh B%C% (#/ L7z, Discriminator I& Generator 205 SN/ HHT — X 2B A
ABBIZATIT 5, EHEBEIENCIX LeakyReLU B8 L, afi% 0.2 & L7z, LeakyReLU
BRI AT S NTMED O R TH 235G, AN afir#iIlrtihe 35, £2ROEICA
713 2 Hi1IZ Phase Shuffle 2175, Phase Shuffle Z A S NFEEICH L. 7V X LICEEY
TOTUHTHE, BE2 T 56 L THWLETT 2T Reflection Padding %A L THl® 2 UL %
179 Generator BVAEM L 72 HET — XIZERE DA T checkerboard artifacts & W5 MR
FED LS X =B L TL %5, checkerboard artifacts 1XFIf 7 — Z 11X @B N2 W72
. Discriminator 2B L ¥ L TL ¥ 5, Z D78 Phase Shuffle 2175 Z & TEZ R
T checkerboard artifacts %342 ¥, Discriminator ¥ ¥ Z# 5 X 512 L7, Generator &
Discriminator OEKBIIZIZ WGAN-GP 2 H L7z, % 7f@lbFiEicid Adam 2/ L7,

(SCE: AxHAE)
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3.1.4 JlgETF—4

AT — 2 EFATIHR THEAIN TV BT -2 2 HE L, AR LT —20hd 5 &IG%
HARNDHTZ YV I T L, IRV ENIT . TNUMFIHE TNV —T X N— 4 N TiT - 7=,
7~ OUIF 2. Hevner I8 & 2 BEED 620 2 BIGO B EEHH Lz, S CHEH LSS
T — R Ta% 45 2 RIEPMERIC DR NI N —FMERH LR h o Tz FHZITOR. PV IV rEh
JoT =PI YR 2METELITNY I V72TV, LD TNV EMNITTz, ZHEFREL
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2y MMEZ UK, A ¥ 742, 77— FH—E R TGoogle 7 — 4] W, BRI B
HHHAHY A + YouTube) RIZEHE LT7 vy a—F32ZeTHAELR,
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3 OHWz, WaveGAN IZDOWTIE, #%Z 100 iZEKR L. 71— C DX v oN— 4 N TEEIR
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W 3281 A WaveGAN, SM-GAN OWFNTH 20 EHURLED o 72, FikfTId. BIEN O 5
WOWT, THZERTX) TEZ7 b LE) ozhzte 120056 5 $TO 5 BFSHiicRIE T % b
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FAEIT 2 — VR RIFORMC T, HOBHKOMRLERAEETEL L3510k, T, B
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3.3.1 BEEY-—IL
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T GitHub 2{EH L7ze HHOY —RAa—FE2EHLL T REET TR, IADY —Ra—F
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MDRABEIZ R 57D TENSLOEBICHEMEZ D726 L=,

3.3.2 EITHE
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H, 22 TR ETEEBBTITVWHEEZED TN I TH S, MEDTRAINTEILETE
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oo ZOEEDOMEZRETHE T2 Z 8 ICK VERBELLND BRI 2727 4 — N I2352 5
Nz, T, MADEZ LSBT ORBICH 27 AT 7 EENED Lz, 7YV v A LVEFHE
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AHESEER 1 TR W2 BT 34T 50000 [l & & D WaveGAN & SM-GAN (251 21HKD
ZlbeRTEHMFEE FR XK 4.1, K4.2 17 F, AEEHEE 100 B 7y bEhT
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(CH: Z2AHEKHR)
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# 4.1 WaveGAN OFHE & FHE(RZE (FH5EER 1)

vy /iozEeds vy /oMsL
SEEE 3.19 3.29
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B~ D HHFECRTIX, #7FD SM-GAN O 10 #i2ix

[ LA S IHEA TV B ATV, (35
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#* 4.2 SM-GAN O FfH & R (FHISEER 1)
vy /o vy /sl

SEEE 2.83 3.07
R 1.17 1.27

NTZ 5] Nothing special | £ W o 7R HEN., FIEIHILNRYIDZ 0 - T2,

FKERDOBINIEFICUTO SHEO DD o7z, D2, TP LEHNLTVS XS ITED
oo THROT 4 —=HET IFVEIASHo THHED o) THHEL BRI ? RELTEHR
DT 2,0 EVISBFOEIWLZDVWTDEMD 26D o7, K2, TR THMT 200 L o7
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TOERD 2D o7 BmIRIT, TRIZEEDHL DT BPILRBIZEMEZFID TR E DA
12185 TL %] TEARAZTENTE TREEDN TR o TV oKD LTzl LW ENIC K 25T
HDZLITDONWTDE MY 2 o 7z,
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4.3 FH@EEER 2

AHiigEER 2 TiX SM-GAN 2 EBEHYNIY Y7 )V BEOHEZMALEXEZ e TE R, BRL
FEEE P ECHBTE TV AT Yy — b 2FEML THNE D TH o7z, ¥ 7/ HOE R
N2 DIFFHESEER 1 ¥ [ FEEOZDBREETT - THR 2, BIEZME L2EOFEEMER 2
MEZITS Z e THLDIZT %, SM-GAN ¥ WaveGAN 04K T 2 €7 /OB ERT X &
'e7 7o L) OORERIETONMD X517k o7,

%43 WaveGAN OFEIE v IERE (FHHFER 2)
7 oz X 7 /s L
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# 4.4 SM-GAN OFHIfi b fHe(R% (FHHFER 2)
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BEERAZ 1.04 1.03
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#£45 WEBRENEXLZEEEZDOE7 2D XK E =27 7 — FOBR
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Uo7z, WKL L) bW RERFE bz, /2, BRLTERLEZ—E7DH 2
BIEZEFOE 7 /oW T MBRIPHIRNZE 5721, TBHZ VU L) 2 W EERTFE S
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FBELLRBEOEROEDM LT 2EZbN 5,
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5.2 FlERT—%

AT — 2 & 7L DRIARED RV, 1 DD TR L TOERT —XNEHTHZ D
SM-GAN OFEB EFLOILRWEEKTH S EEZ 6N b, HIZIXEY LT — 2256
. ROEIRIC TR) WS X5 RTpffiron, -2 LTilbiisd, Zor %, H
BRI S TVWEDONRRTHEZiF, #HEPRTIEDLLRVWEETH S, LI L, BEET —XITK
HOZ VBT BGE. BARMEODHZ2RDFTIEITET, ¥ LTHEBPNAT S, £ BHE
T=REFRRZAT 4RV RALTH LV 2 TELV] W0 X5 TA0FITF s 5,
ZD7H TEL W 2:7&;1/1#67‘3&7:5 SOHTH, 7y T VRBRERSHIUX, ©o< DT
TV DEIRBREFREDDD, EENBZMEEILEL TR o, ZTRHDERTEES EFL W
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AT — 21237 ) DR e~ AV TiHRE LT —X vy b TH S maestro ZHHIT 2 F7E
THolzo LPL., ZDOT—XE v FTIE WaveGAN £ SM-GAN O 5 53 FF/B EFL vd
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TLEoTWeEAINDS, Ko TRELALEDIMT -2 LTikbh., FEICEZELRIIL
TeEZObND, TOZEhOEET R LIl T -2 T2581F. VUN=TRT 4L ARED
I7 27 FBRVEREAETA2LEND S, SHOEET — X wav 7 7 4 V2 HH L7253,
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TEINRZIELEZ LN,
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5.3 FHlEER

FHHiSZER 2 TD SM-GAN DFERIZOVWT, FHiiZEER 1 Kb d Ty /o) Y7
IS L ¥ HIEYENSH EL, FEIICH WaveGAN ¥ LERZREIOER L EN RSN
B oTze ZHUTETD 2 OOEHENEZ NS,

—2Z. Generator DEED L DICRIGEDOWZ 8 ThH b, 4.1 TdR7= Lk 512, SM-GAN D
Generator DIEFRIX, FHfZEER 1 Tl WaveGAN X D IRENDIEDIK = 5o 7203, FHfiZEE: 2 T
IZIEF RIS R o T e, BRIEEAE 2. FERMDB VDWW 2 2T, WaveGAN L [RIFRE
DERENELNEEZ O,

b —DlF, HMEIRRTBIEFELEZ T2 THE, METADERT 2ERE 2Pory
) WO B EHIRADBRVEATH D, FEHD /A XDBRL s T0ED, E2EIhZD LT
otz EEPOBLENTOVEIERIVFoTHIZASLThoEZONDS, FHEEE 4.2 TN
ek Die, BEBROBRIIEZZ S Vo NBEDD DD H - 7z, FHiZEER 1 TlX, #1HIZ SM-GAN I
&2 10 %k, ZDHKIC WaveGAN 12 X 250D @ 10 iz B ¥z, 2070, FIiiEE L T8
N AX=ILTWVWEERELX vy TOH S SM-GAN O ERELFHME L /- L R XN D, £7-
F. BT & D WaveGAN ANDOFHINE LS R-oT LE-2728 b EZI 6N S, 4.2 THRIFBMET
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6.1 HEHEEK

ATHADEREZHRKR T 285 L THBIERSMTONZ, FiflanF v 4 L ZOHEIC X D RTEE
YREICK Zoom ZFW/=A4 Y 54 Y TORMEL It o 72, FRIFERES TR, 1Ko =7 b
DOEJER Web 4 + % R THAZEIEST MR bhiz, 2ok, BEIOE ORI, A1k
15 0% 3 [\, %Y 15 9% 3 TiTbhiz, FERICOVWTOMEY > — FEEfL., Fitxhiz
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RAR— IR ERRROE#RE OB, IBECHNE LM > Tz, RRAX— B2 % R
TINRNTHRETAZLZH L, BRUENAA VTHEEZ, BANKL2ERMZTHIL, VX
F7 U RAR—DFH A VRAEIEEFTIED 200, SHNE L LTSRN 5T
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MR BHEDAR L TH b ol BB 36 NOHADEIEERZGZ N TER, ¥3., FBX
B oW TOFMEZ RS (6.1), 36 ADFHMiHIMEIEX 7.4 TH o7z, FHliFHH OB Z WD IZ—
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o ¢ VN—TDENFREIIN L, XA PLHFEORDT, ¢c 7V —TDEHFNXA D70y =
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6.2 RIRER

SEEO—FHOMEHZHELT 270, 2021 4 12 A 10 HIC Zoom I THRMABIRFAERRHTT
bilz, BREEEREATR IKHOZ oY 227 F OBFE® Web ¥4 b % R2RMSRIT SN
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