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LPNG DUNG MANG GAN TRONG BAI
TOAN SINH DU LIEU DA PHUONG TIEN
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Tém tidt: Anh cac nhan vat Pokemon c6 tinh chit nhan
tao, mang tinh hoat hinh nén khac véi cac bai toan xir ly
anh thong thuong. Nghién ciu nay thtr nghiém, danh gia
kha niang dap tng cua md hinh mang hoc sdu GAN
(Generative Adversarial Networks) ddi véi tap anh cac
nhan vat Pokemon. M& hinh st dung mang no ron tich
chap cho phan phan biét va mang no ron giai chap cho
phan sinh dit liéu anh nhan vat Pokemon. Tap dit liéu thir
nghiém 1a bd anh Veekun. Két qua thir nghiém cho thay,
du 1a hinh anh trd choi nhung mo hinh GAN van ¢ kha
ning ap dung kha phi hop, cé tiém ning ung dung cho
bai toan sinh dir liéu da phuong tién.

Tar khoa: GAN, Pokemon, mé hinh sinh, m6 hinh
phan biét, anh that, anh gia.

I. GIOI THIEU

Nganh céng nghé da phuong tién hién nay dang phéat
trién da dang véi su phét trién san pham Games, thuc té
40 (VR), thuc té 4o ting cudng (AR), thuc té hdn hop
(MR), thuc t& a0 mo rong Extended Reality (XR)...
Metaverse xuét hién, thé hién mot xu thé phét trién céc
cbng nghé 4o hdéa va mo ra khéng gian I6n cho hoat dong
nghién ctru va tng dung. Tro choi Pokemon Go 1a mét
trong céc vi du str dung cac cong nghé ao hda nay.

Hién nay, tro choi Pokemon c¢6 hiru han nhan vat
(khoang 800) hinh anh d6 hoa (Hinh 1). Quéa trinh nang
cép tro choi, phat trién kich ban, can cac nhan vat méi.
Trong khi d6, viéc vé thu cong, ding d hoa may tinh
thong thuong bi gidi han kha nang ting s6 lwong nhan vat
va tinh da dang cia nhan vat, chua ty dong ké thira cac
dac tinh ctia nhan vat cii. Bong thoi, nha phat trién games
mudn tham do thi hiéu nguoi choi vai dy kién hinh anh
nhan vat méi thi viéc ty dong hoa, tn it chi phi trong tao
hinh nhan vat dong mot vai trd nhit dinh. Dé phat trién
m& rong tro choi Pokemon, viéc ty dong tao thém céc
nhan vat tro choi it tén kém chi phi théng qua mang GAN
s& déng gop mot hudng nghién ciru tiém ning trong cong
nghiép tro choi.

M6 hinh GAN (Generative Adversarial Networks) do
Goodfellow va cong su dua ra ndm 2014 [1]. GAN la m6
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hinh sinh dir li¢u, nghia 1a m6 hinh ¢ kha nang sinh ra dit
liéu méi tir tap dir liéu dau vao c6 cac dic diém twong tu.
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Hinh 1: Nhan vdt Pokemon

Nhimg nim gan diy, c¢6 nhiéu thir nghiém véi ung
dung thay doi tudi cia khudn mat, thay doi do tudi cua
khubn mat nguoi nao d6. Dya trén khubn mat cua con
ngudi hién tai, GAN s& sinh ra cac bién thé theo timg do
tudi cua con nguoi. Trén thyc té, c6 thé thir nghiém céc
tng dung nay trén c&c mang x& hdi nhu Instagram,
TikTok... C&c tng dung d6 tao ra nhitng anh mat nguoi
gia nua di sau vai nam t6i va hinh anh tién héa nay c6 thé
duoc sinh ra boi GAN, khong phai mat nguoi that. Dir
liéu sinh ra nhin nhu that nhung khong phai la anh that.
GAN chaa hai mang no-ron riéng biét, mét mang no-ron
dong vai tro sinh dit liéu (Generator) va mot mang no-ron
khéc dong vai trd phan biét (Discriminator). Dau tién, bo
phan sinh dir liéu tao ra cac hinh anh ngau nhién va bo
phan phéan biét s€ danh gia nhitng hinh anh d6 va cho bo
phén sinh da tao ra dit liéu d6 biét muc d6 chan thuc cua
cac hinh anh duoc tao ra. Discriminator s& 1a d6i tha cua
Generator dugc cung cip cung ldc véi ca hinh anh dwoc
sinh ra ciing nhu loai hinh anh géc cho phép
Discriminator phan biét. Sau khi dat dén mot diém nhat
dinh, bo phan phan biét (Discriminator) s& khong thé biét
duoc hinh anh tao ra béi bo phan sinh (Generator) la anh
that hay anh gia, khi ¢6 mé hinh tét, sinh dit liéu gia
gidng nhu that. Trén thyuc té, chat lugng cua nhiing ung
dung GAN 4p dung trén khudn mit ngay cang tt hon qua
tung nam.

Mac du cd pham vi ung dung hep, nhung bai toan sinh
anh (generating images) van c6 y nghia thuc tidn nhat
dinh. Trong nganh cdng nghiép phim hoat hinh Nhat Ban,
da co6 mot s6 bai béo trinh bay tiém ning ing dung mang
GAN dé tao nhan vat hoat hinh cho nhan vat hoat hinh c6
tén 1& Anime [10]. Thay vi sir dung cac hoa sy, st dung
nhan lyc tha cdng va tdn nhidu chi phi, tbn cong sic dé
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thué nghé si vé& tranh, mang GAN c6 thé hd trg céch lam
viéc hiéu qua hon nghé si v€ tranh trong linh vuc nay.

Trong cong nghiép thoi trang, dé tham do thi truong,
thir thi hiéu nguoi tiéu dung trude ddi véi cac sang tao
mau ma quan 4o méi, GAN dugc ap dung dé sinh ra hinh
anh mau ma mgi ma khéng can lam mau san pham truéc,
gidp tiét kiém chi phi va ¢ nhiéu mau ma thim do méi.
Sohn va cong su [13] da xem xét danh gid cta nguoi tiéu
ding vé gié tri tiéu dung san pham, y dinh mua hang va
mtc d9 san sang chi tra cho cac san pham thoi trang duoc
thiét ké bang cach st dung mang GAN. Nghién ctu nay
kham pha su khéc biét gitra danh gi ctia ngudi tiéu dung
vé san pham tao ra boi GAN va san pham khong tao ra
boi GAN va kiém tra xem viéc sir dung cong nghé GAN
c6 anh huong dén danh gid cua nguoi tiéu dung hay
khong.

GAN la mot trong nhitng xu hudng nghién cuiu thu hat
duogce dong dao cac nha khoa hoc, 6 tinh ttng dung cao va
phét trién manh mé trong nhitg nim gan day trong wng
dung k¥ thuat hoc sdu. Mé hinh GAN gan day da dat
duoc mot sé két qua 4n tugng cho nhiéu émg dung trong
thé gioi thuc va nhiéu bién thé GAN di xuét hién voi
nhitng cai tién vé chat lwong mau va do 6n dinh dao tao.
GAN duoc tng dung rong rai trong cac bai toan thuc té,
cho ca bai toan phan loai va hoi quy, cho két qua tot. Bén
canh kién trac GAN dau tién duoc lan GoodFellow gidi
thiéu vao nam 2014, trong nhimg nam qua, mot sb kién
trac GAN ndng cao hon da ra doi, dwa lai nhiéu loi ich
cho céc tng dung thyc té nhu CycleGAN, StyleGAN...

ll. CAC NGHIEN CclrU PA IPNG DUNG GAN

Thyc té da co rat nhiéu nghién ciru sir dung md hinh
GAN trén thé gisi. Mot trong s6 dé 1a nghién ciu do
Islam va cong su [2] thuc hién di cho thdy mé hinh GAN
lam viéc hiéu qua vai bo dir liéu hinh anh y té véi tap dix
liéu han ché va s luong nho cac mau. Piéu nay chi ra
tiém ning sir dung GAN dé phét trién mot mé hinh chéan
doan bénh thdng qua céc hinh anh y té tong hop bing
cach su dung mang GAN. Nam 2016, Olof da ung dung
mang GAN dé dao tao hiéu qua cac mang noron hoc sau
cho &m nhac [3]. Pay 14 mot mé hinh ddi nghich hoat
dong duya trén dir liéu tuan tu lién tuc va ap dung GAN
bang cach dao tao trén mot bo dir lieu &m nhac ¢o dién.
Nghién cau két luan ring GAN tao ra &m thanh ngay cang
hay hon khi mé hinh dugc dao tao va cho phép nguoi
nghe danh gia chat lugng bang cach tai xudng céac bai hat
da tao.

Tero va cong su [4] d4 tao ra khudn mat nguoi thdng
qua md hinh GAN. Trong d6 c6 kha nang tao ra nhiing
khudn mat nhan tao ma rat kho phan biét véi ngudi that.
Nghién ctu cia Antipov [5] da sir dung mang GAN dé
tao ra hinh anh tong hop c6 do trung thuc cao. Trong
nghién ciu d6 di dé xuat phuong phap dya trén GAN dé
tu dong héa qua trinh 130 héa khudn mat [5]. Két qua
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nghién ctru da danh gia khach quan cac hinh anh khuon
mit tré hoa va gia nua thu dwoc bang cac giai phap wdc
tinh d¢ tudi va nhan dang khuén mat cho thay tiém niang
cao ciia phuong phap dugc dé xuat dwa trén mo hinh
GAN. David va cong sy [6] da nghién ctu Sdu mang
GAN dé hinh dung hoac hiéu rd xu Iy céc thé hién thé
giéi hinh anh bén trong va nguyén nhan tao ra két qua
mang GAN, céc lya chon kién tric anh huong dén viéc
hoc GAN. Tir d6 gitp phat trién nhitng hiéu biét sau sic
méi va cac mo hinh GAN tét hon. Trong nghién ciru nay,
cé4c tac gia da trinh bay mot khung phan tich dé hinh dung
va hiéu céc tac dong GAN ¢ cap do don vi, ddi tuong va
canh, xac dinh mot nhom cac don vi ¢6 thé dién giai co
lien quan chat ch& dén cac khéi niém déi tuong bang cach
st dung phuong phap phén tich mang dya trén phan doan.
Sau do, phan tich dinh lugng tdac dong nhan qua cua cac
don vi c6 thé dién giai bang cach do luong kha ning can
thiép kiém soat cac ddi tuwong trong dau ra. Két qua
nghién ctu hién thi mot sé tng dung thuc té dwoc hd tro
bai khung cong tac trén cac don vi, tir viéc so sdnh cac
biéu dién noi bo trén cac 16p, md hinh va bo dir liéu khac
nhau, dén cai thién GAN bang cach dinh vi va loai bo cac
don vi gay nhiéu, dén thao tac tuong tac cac ddi tuong
trong mot khung anh. Jianmin va cong su [7] da tng dung
GAN dé tong hop hinh anh khuén mat cia mot nguoi
hoic cac dbi twong cu thé trong mot danh muc va st dung
dbi sanh dac diém theo ting cap dé giir cau trdc caa hinh
anh duoc tao. Cac tac gia thir nghiém véi céc hinh anh tu
nhién vé khuén mat, hoa va chim, va chiing minh ring
cac md hinh duge dé& xuit cd kha ning tao ra cac mau
thuc té va da dang véi cac nhdn danh muc chi tiét. Két
qua nghién cttu con cho thiy riang cac mé hinh GAN c6
thé dugc ap dung cho cac tac vy, chang han nhu in hinh
anh, do phan giai siéu cao va dit liéu tang cuong dao tao
md hinh nhan dang khudn mat tt hon.

Marra va cong su [8] da st dung GAN dé giai quyét
bai toan lan truyén cua cac hinh anh va video gia trén
mang xa hoi. CAc tac gia da sinh hinh anh nho cac hinh
anh khac, dya trén kién tric mang d6i nghich GAN.
Trong nghién ciru do, cac tac gia da nghién cau hiéu suat
cia mot sé bo phat hién gia mao hinh anh chéng lai qua
trinh bién ddi tir anh sang anh, ca trong diéu kién ly tuéng
va khi anh bi nén, duogc thuc hién thuong xuyén khi tai
I&n mang x& hoi. Nghién cuu, dugc thuc hién trén tap dir
lieu gdm 36.302 hinh anh, cho thiy do chinh xac phat
hién 1én dén 95% c6 thé dat duoc bang ca ky thuat hoc
may truyén thong va hoc sau, nhung chi ky thuat hoc sau
méi cung cap do chinh xac cao, khoang 89% trén dir liéu
anh bi nén.

Nghién ciru trén cac buc anh chup phéi bénh nhan
Covid-19 sir dung md hinh GAN di cho thdy tiém ning
chan doan hinh anh X-Quang bénh nhan nhiém Covid-19.
Nghién ctu [9] mé ra huéng mai trong tng dung tri tué
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nhan tao trong chan doan hinh anh chup phdi céc bénh
nhan Covid-19.

1. MO HINH LY THUYET MANG GAN

Dwa trén co so ly thuyét md hinh GAN cua
Goodfellow va cong su dua ra nam 2014 [1], bai toan nay
ap dung cho tap dir liéu hinh anh Pokemon. Vi vay, mo
hinh GAN &p dung thtr nghiém sir dung mang no ron tich
chap (Convolutional Neural Network) cho Discriminator
va giai tich chap (Deconvolutional Neural Network) cho
Generator (Hinh 2). M6 hinh GAN s& c6 hai bo phan
chinh: Generator (G) va Discriminator (D). Trong d6, G
6 chure nang sinh ra anh Pokemon gia va D lam nhiém vy
phan biét mot bic anh Pokemon la anh that hay anh gia.
V¢ ban chét, Generator hoc cach sinh ra dir liéu gia dé lra
md hinh Discriminator. Bé c6 thé danh lira duoc
Discriminator thi doi hoi md hinh sinh ra c&c buc anh
Pokemon phai thuc sy tét. Do d6 chat lwong anh
Pokemon phai cang nhu that cang tt. Trong khi do,
Discriminator s& hoc cach phan biét gitta dr liéu anh
Pokemon gia dugc sinh tir md hinh Generator véi di liéu
that. Discriminator nhu mot bo loc giam sat danh gia két
qua caa Generator xem liéu mang no ron nay da sinh dir
lieu da dat chat luong tot dé qua danh Ira duoc
Discriminator chwa va néu chua thi Generator can tiép tuc
phai hoc dé tao ra anh Pokemon gidng anh that hon. Bong
thoi, Discriminator ciing phai cai thién kha nang phan biét
cua minh vi chit luong anh duoc tao ra tir Generator cang
ngdy cang gidng that hon. Thong qua qué trinh huén
luyén thi ca Generator va Discriminator cung cai thién
duoc kha nang ctia minh.

Generator va Discriminator twong ty nhu hai nguoi
choi trong bai toan trd choi téng bang khéng trong ly
thuyét trd choi. O trd choi nay thi hai ngudi choi xung dot
lgi ich, thiét hai ctia ngudi nay chinh la loi ich cia ngudi
kia. M6 hinh Generator tao ra dir liéu gia t5t hon s& lam
cho Discriminator phén biét kho hon va khi Discriminator
phan biét tot hon thi Generator can phai tao ra anh giéng
that hon dé Discriminator khong phét hién dwogc. Trong
trd choi tong bang khdng, mdi ngudi choi s& c6 chién
lugc riéng caa minh, ddi voi Generator thi d6 1a sinh ra
anh gidng that va Discriminator 12 phan loai chinh xéac
anh that (real) va anh gia (fake). Sau cac budc ra quyét
dinh caa mdi nguoi choi thi trd choi tdng bang khong s&
dat dwoc can bang Nash tai diém can bang (Nash
Equilibrium). Quéa trinh hoat dong cia mang la mot qué
trinh huan luyén cac trong s cho md hinh 2 16p trong mot
tro choi c6 tong bang khéng [12]. Trong qua trinh truyén
nghich, mét 16p duge dung dé tao ra dir ligu gia giong hét
nhu dit liéu that. Trong khi do, 16p con lai 1a 16p kiém tra
dong vai tro danh gia dé phan biét dir liéu that va di liéu
gia duoc tao ra. Hinh 2 minh hoa kién tric cia mang
GAN sir dung mang tich chap cho Discriminator va mang
giai chap cho Generator [14].
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Hinh 2: M6 hinh mgng GAN [14]

Generator vé ban chat 1a moét md hinh sinh nhan dau
vao la mot tap hop céac véc to nhiéu z dugc khoi tao ngau
nhién theo phan phdi Gaussian [1]. Tir tap véc to dau
vao z ngau nhién, mé hinh Generator 1a mét mang hoc sau
c6 tac dung bién doi ra bic anh gia ¢ dau ra. Buc anh gia
nay sé duoc su dung lam dau vao cho kién tric
Discriminator.

Dé xac dinh cach phan phéi Py cia Generator trén di
liéu x, can xac dinh bién dau vao py(z), sau do biéu dién
mot anh xa toi khong gian di liéu dudi dang G(z; 8y),
trong d6 G 1a mot ham kha vi dugce dai dién béi mot mang
no ron nhiéu I6p (mang giai chap) véi cac tham sé 6.
Pong thoi ciing xac dinh mot mang no ron nhiéu 16p thir
hai D(x; 04) V6i dau ra 1a mot dai luong vé huéng duy
nhét. D(x) dai dién cho xac suit x dén tir dir liéu, khong
phai Pg. Thuc hién huan luyén D dé téi da hoa xac suat
gan dung nhan cho ca dir liéu dao tao va mau tir G. Bdng
thoi dao tao G dé giam thiéu 15i:

L=log (1-D(G(2)) (1)

Noi cach khac, D va G dong vai tro 1a 2 ngudi choi tro
choi d6i nghich nhau, ca G va D déu cb gang tbi wu gia tri
ciia ham. Dinh nghia sy t6i wu gia tri cua V (G, D) nhu
sau:

mGin mﬁaxV(D, G) = ExopypratologD(X)]
+ Ez~pz(z) [lOg (1 - D(G(Z)))] (2)

M&é hinh Discriminator s& cd tac dung phén biét anh
dau vao la that hay gia. Nhan caa mé hinh s& 1a that néu
anh dau vao cua Discriminator duoc ldy tap mau huan
luyén vala gianéu dugc ldy tr dau ra cua mod hinh
Generator. Vé ban chét day 1a mot bai toan phan loai nhi
phan (binary classification) théng thuong nén dé tinh xéac
suit cho dau ra cho Discriminator s& st dung ham
Sigmoid. Muyc tiéu cua pha huan luyén Discriminator nay
la huan luyén mot md hinh Discriminator sao cho kha
nang phan loai 12 tot nhit. O pha nay tam thoi coi céc gia
tri trong sé cua G khong ddiva chi quan tam dén
vé maxDV(D, G). Pay la chinh 1a ddi cua ham cross
entropy ddi véi truong hop phan loai nhi phan. Muc tiéu
cua hoi quy logistic d6i vai bai toan phan loai nhi phéan
la t6i thiéu hda mot ham cross entropy nhu sau:

1 N
LW;X,y) = =5 ) [yilog p@e/x) + (1 = ylog (1

—pi/x))] 3)
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Trong d6 p(yi/xi) 1a xac suit du bao nhiny; tir mé hinh
logistic, va D(x) cting dong vai tro nhu p(yi/xi). N&i cach
khéc D(x) déng vai tro du béo xéac suét cho dir liéu dau
vao. C6 hai kha niang xay ra: Néu dau vao 1a anh that
(Xrear) thiyi=1va 1 — yi= 0 va do d6 ham mét mat twong
ung véi: yilog(p(yilxi))) = log(p(yixi)) ¢ coéng thuc (3).
Gia tri nay duoc coi nhu 1a logD(x) ¢ cong thtc (2). Ky
hidu X~Paata(X) & cong thirc (2) thé hién 1a phan phdi xac
sudt ciia cac diém dit liéu dau vao. Trong truong hop &
cong thuc (3) thi cac quan sat c6 vai tro nhu nhau nén co6
chung gia tri phan phbi 1a % Trudng hop anh dau vao la
gid (Xrake) thiyi= 0val — yi = 1, khi d6 dong gop vao
ham mat mat chi con thanh phan (1 — yi) log (1 — p(yi/xi))
= log (1 — p(yi/xi)) & cbéng thic (3). Gia trj nay dugc coi
nhu 13 log (1 — D(G(2))) ¢ cong thirc (2).

Tai pha huan luyén Generator, muyc tiéu ciia pha nay
1a tang cuong kha nang tao dnh ciia Generator sao cho anh
sinh ra la gidng véi that nhat. O pha nay coi D c6 gia
trj khong ddi va chi quan tam dén G(z) sao cho gia tri du
bao xac suét tir D dbi voi anh gan bang 1 nhét, tirc 1a anh
gia dugc sinh ra gidng anh that nhit (xac suét cang gan 1
thi kha ning gidng anh that cang 1on). Nhu
vay D(G(z2)) s& cang 16n cang tét. Ap dung dao déu
trong E, ., 5 [log (1 — D(G(2)))] suy ra myc tiéu can tdi
uru 14 t6i thiéu hoa gia tri mingV(D,G).

Qua trinh huén luyén thuc hién theo thudt toan 1 cta
md hinh GAN cua Goodfellow [1]. Theo do, trong qua
trinh hudn luyén s& két hop mot cach xen k& giita hai pha,
sir dung phuong phap mini-batch stochastic giam d6 dbc
dé huin luyén GAN. Sé lugng cic budc (steps) duoc ap
dung cho Discriminator, vi k 14 siéu tham s6. Qua trinh
huin luyén bit ddu voi k = 1 @ ¢ chi phi lwa chon thap
nhét trong mé hinh.

for number of training iterations do
for k steps do

*) Liy mau minibatch cia m mau nhiéu {z©;
7@ ;MY
*) Ldy mau minibatch cia m mau dir liu
that{x®; x@;....; xM } tir phan bd sinh paata(X).
*) Cap nhat Discriminator theo phuong phéap
mini-batch giam d6 déc:

Ve, %Z[logD(X(i)) +1log (1 -D(GEDN] 4

end for

L4y mau minibatch caa m mau nhidu {z; z@;...;
z(m)}_

Cap nhat generator bang cach giam d6 déc
stochastic:

1% .
Vo, Y log(1=DGE))  (5)

end for

Phuwong phap huan luyén 1a sir dung k batch dau tién
dé huin luyén Discriminator. Khi huan luyén
Discriminator, thuc hién Idy mau mét mini-batch kich
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thude m 1a cac nhiéu z®, z@,..., z™M va 1a dau vao cua
Generator. Dong thoi 1y mau mot mini-batch khac kich
thuéc m 12 nhing diém dir lieu thatx®, x@ . x™,
Nhiing dir liéu nay s& duoc sir dung dé cap nhat giam do
dbc theo phuwong phap mini-batch giam d¢ déc. Do 1a
huan luyén trén mé hinh Discriminator nén chi dugc cap
nhat cac hé sb trén mo hinh Discrimator 1a 6. Thuat toan
cap nhat bo tham sb dya trén giam do dbc c6 thé sir dung
bat ky quy luat hoc nao, két hop sir dung da (momentum).
Céc hé sb cta Generator dugc dong bang, khong thay doi.
Sau khi két thic k batch huan luyén trén Discriminator, s&
tiép tuc huan luyén trén Generator. Khi d6, mot mini-
batch kich thudc m duogc lwa chon ra tir cac nhiéu 1a z®,
7@, ..., z™ duoc sir dung nhu dau vao huan luyén. Gia tri
giam d¢ doc s& duoc tinh trén m di liéu nay. Qué trinh
cap nhat giam d6 déc chi dugc &p dung trén cac hé sé caa
Generator la 6. Tiép tuc qua trinh nay cho téi khi tong sb
lwot huan luyén 1a du I6n hodc gia tri mat mat cia mo
hinh tiém can vé 0.

IV. THUC NGHIEM VA KET QUA
1. M6 ta dir liéu sir dung cho thir nghiém
Bai b4o nay sir dung bo dit liéu Pokemon gom 801
hinh anh chia ra 18 loai cac nhan vat Pokemon duoc tai
vé tir https://veekun.com/dex/downloads. Phan b théng
ké cac loai nhan vat Pokemon nhu hinh 3.
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Hinh 4: Phan bé dé liéu Pokemon

Hinh 3: Diz ligu Pokemon thuc nghiém
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Dit liéu vi du hinh anh cua mét sé nhan vat Pokemon
dién hinh duogc hién thi trong hinh 4.
2. M0 ta qué trinh thir nghiém

Nghién ciru nay khong dé xuat mé hinh hay tham sé
méi, chu yéu &p dung tap dir liéu Pokemon cap nhat caa
Veekun vao md hinh GAN sir dung thu vién PyTorch. Bé
lam rd hon cac nodi dung mang GAN khi ap dung bo dir
liéu Pokemon, bai todn nay sit dung mé hinh mang giai
chap (Deconvolutional Neural Network) cho phan
Generator. Trong d6, cac lop mang c6 kich thugc giam
dan qua céc ting dé cudi cung thu dwoc nhimg dic trung
bac cao, dé sinh hinh anh Pokemon tir cic didc trung nay.
Mot mang giai chap s& c6 kién tric chung 1a kich thugc
c4c tang s& tang dan qua cac 1op [Hinh 2]. Qua ting Iép
mang s& giai ma céc khéi ddc trung thanh nhitng théng tin
khong gian cua timg diém anh va cudi tao thanh mot birc
anh méi & dau ra ciia md hinh [Hinh 5].

- Téng hién tai
Téng trude do

|

Dic treng

Biém anh
Hinh 5: Mang gidi chgp

Dé lap trinh, qUa trinh tang kich thudc tai cac tang sir
dung tich chap chuyén vi (Transposed Convolution 2D)
trong thu vién PyTorch. Pau vao cho bo Generator 1a mot
ma tran cac sé ngau nhién (duoc goi Ia latent tensor) c6
latent_size = 128. Bo Generator s& chuyén dbi mot latent
tensor ¢6 kich thudc (128, 1, 1) thanh mét tensor hinh anh
c6 kich thude 3 x 28 x 28. Bé dat dugc diéu ndy, st dung
I6p ConvTranspose2d trong thu vién PyTorch véi cac
siéu tham sb kernel_size = 4, stride = 1, padding = 0, bias
= False. Bai toan nay thtr nghiém Generator c6 5 1op
mang, véi ham kich hoat ReLU cho 4 16p dau va ham
Tanh cho 16p cudi cung. V& ban chat, qua trinh giai chap
thuc hién bién d6i nguoc, gia sir tir ma tran dau vao co
kich thudc (wa, hi) sau khi ap dung phép tich chap thong
thuong thu duoc kich thudc (wo, hy). Tich chap chuyén vi
s& bién ddi tir mot ma tran co kich thudc (ws, hy) cua két
qua dAu ra sang ma tran co kich thuéc (w1, hy) cua gié tri
dau vao trong khi van duy tri duoc cac kiéu két ndi phu
hop véi tich chap. Bo Generator sit dung ham kich hoat
ReLU cho céc dau ra ciia cac tang dé khi tinh tuyén tinh.
Ham ReLU gilp loc cé4c gié tri am va cho tdc do hoi tu va
tinh toan nhanh hon. Trong khi d6, ¢ ting dau ra st dung
ham Tanh dé chuyén dau vao thanh mét gia tri trong
khoang (-1, 1). Qua chay dit liéu thir nghiém, két qua cho
thdy viéc sir dung ham kich hoat Tanh c6 gii han cho
phép md hinh hoc nhanh hon.

Trong bo Discriminator, st dung mang tich chap
(Convolutional Neural Network) c6 dau vao la mot hinh
anh va nhiém vu cua Discriminator 1a xac dinh hinh anh
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do 1a that (real images) hoac anh gia dugc tao ra bai
Generator (anh fake images). Mang tich chap gilp giam
dan kich thudc qua céc ting dé két xuat cac dic trung
[Hinh 6].

Téng trede . . .
Tang hién tai

T Dac trumg
Piém anh

Hinh 6: Mang tich chdp

Dé tinh gid tri tich chap, di chuyén cac diém anh cua
ma tran dau vao tir trdi qua phai va tir trén xudng dudi.
Sau d6 lay gi tri cua diém anh nhan véi ma tran bo loc
s& thu dwoc ma tran dau ra. Trong bai toan nhan dién anh
Pokemon nay, nghién ctu thir nghiém st dung thu vién
PyPorch véi 16p Conv2d dé ap dung cho ca anh Pokemon.
Bai toan nay tht nghiém Discriminator ¢c6 5 16p mang,
v6i ham kich hoat LeakyReLU cé d6 dbc bang 0.2 cho 4
I6p ddu va ham Sigmoid cho I6p cudi cung. Céac siéu
tham s6 dwoc lva chon gdom kernel_size = 4, stride = 2,
padding = 1, bias = False. Chon budc nhay (stride = 2) va
lat thém 1 (padding = 1) ¢é mé rong ma tran sao cho qua
trinh tich chap khéng bi du thira. Qué trinh di chuyén két
qua cua mdi 1an nhan diém anh véi bo loc sang 2 don vi
mdi lan tinh. Sau cuing thyc hién tinh tong céc vi tri twong
&ng cua cac ma tran két qua dé thu dwoc két qua cudi
cung. Trong truong hgp nay, gia tri budc nhay khong
bang kich thuéc ma tran bd loc nén ma tran két qua tich
chap s& ghi chong 1én nhau, do dé gié tri dugc cong don.
Thir nghiém nay c6 sir dung BatchNorm2d dé chuan hoa
cac tinh ning doc theo thir nguyén cua 16 dé nhan dwoc
két qua phu hop. Discriminator thir nghiém véi ham kich
hoat LeakyReLU véi d6 déc bang 0,2. Muyc dich st dung
ham LeakyReLU dé thay vi tra vé gia tri 0 voi cac dau
vao am nhu ham ReLU thi LeakyReL U tao ra mét dudng
xién c6 do doc nho (¢ day chon d6 doc bang 0,2) dé ham
kich hoat hoat dong tét d6i véi md hinh c6 do phan giai
cao. Két qua 1a 1am cho cac d6 déc tir bo Discriminator
truyén t5t hon vao bd Generator. Thay vi vuot qua mét do
déc biang 0 s& vuot qua mot do déc am gid tri nho. O tang
dau ra, st dung ham Sigmoid cho gi4 tri & giira 0 va 1.
Bai vi Discriminator 1a md hinh phan loai nhi phén, la xac
suit cua hinh anh dau vao Ia that (real), tic 1a dugc chon
tir tap dir liéu that ban dau hoc 1a anh gia (fake) duoc tao
ra boi Generator.

V& qué trinh huan luyén, Discriminator hoat dong dé
phan biét dau 1a anh that va dau 1a anh gia, gia tri diu ra
cua mo hinh qua ham sigmoid cé gia tri trong khoang (0,
1). Vi vay, Discriminator s& dugc huan luyén dé néu dau
vao anh la dir liéu that thi dau ra & gan gia tri 1, con néu
dau vao anh la di liéu gia 1a anh sinh ra tir Generator thi
gi tri dau ra gan 0. NGi cach khéc, gia tri D(x) tién vé 1
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con gié tri D(G(2)) tién vé 0. Trong qua trinh huan luyén,
truc tién, chuyén mot loat hinh anh thuc va tinh toan gia
tri mat mét, dat gia tri nhan muc tiéu thanh 1. Sau do,
chuyén cac anh gia (dwoc tao bang Generator) dua vao
Discriminator va tinh gia tri mat mat, dat gia tri nhan muc
tiéu thanh thanh 0. Cudi cuing, cong hai gia tri mat mat va
sir dung gia tri mat mét chung (overall loss) dé thuc hién
giam do doc dé didu chinh trong sb (weights) cua
Discriminator. Qué trinh nay can dong bang, khdng thay
dbi cac trong sé (weights) cua Generator trong qua trinh
huan luyén Discriminator.

Déi vai huan luyén Generator, vi dau ra cia Generator
1a hinh anh, nén st dung Discriminator nhu mét phan cua
ham mat mat. Theo do, trudc hét can tao ra cac hinh anh
gia bang cach s dung Generator, chuyén vao
Discriminator. Sau do, thuc hién tinh toan gia tri mat mat
bang cach dat cac gia tri nhan muc tiéu thanh 1, tc 12 anh
that (real), béi vi muc tiéu cta Generator la danh lira
Discriminator, anh gia trong nhu anh that. Sau do st dung
gia tri mat mat dé thyuc hién giam d¢ ddc, tic 1a thay doi
trong s6 (weights) ciia Generator. Do d6, s& ting kha ning
tao ra hinh anh giéng nhu that dé c6 thé danh lira
Discriminator.

Do qué trinh huan luyén md hinh Generator va md
hinh  Discriminator ddi nghich nhau, trong khi
Discriminator ¢b gang toi da hoa mat mat thi Generator ¢
ging toi thiéu hda. Qua trinh huan luyén mang GAN két
thic khi md hinh GAN dat dén trang thai can bang cua 2
m6 hinh, goi la can bang Nash (Nash Equilibrium). Tiéu
chi kha nang nhan dang dung anh that hay gia dé do
luong kha nang du doan do bd Discriminator dua ra, Vi
vay sur dung BCE Loss (Binary Cross Entropy Loss).

Thir nghiém nay sir dung cong cu téi vu héa Adam tir
mo-dun tdi wu cua thu vién PyTorch (torch.optim.Adam),
1a cong cu tdi wu pht hop cho bai toan. Bai vi Adam 1a su
két hop cia Momentum va RMSprop, cho két qua hoi tu
nhanh hon.

Thir nghiém nay chon téc d6 hoc learning rate =
0.0002, momentum = 0.5, s§ lan lap epochs = 500, va
batch_size = 64.

Két qua thir nghiém cho thdy mé hinh GAN cho két
qua kha trén bo dir lieu Pokemon. Gié tri mat mét cua
Discriminator giam dan, con cua Generator 6n dinh nhu
hinh 7 bén dudi.
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Hinh 7: Bé thi ham mdt mat

Dé xac dinh mirc d6 6n dinh cia mé hinh, hinh 8 bén
dudi di cho thay, dbi véi anh that thi gia tri D(x) tién vé 1
con gié tri D(G(2)) tién vé 0 theo y&u cau bai toan da dat
ra.

Scores
101 1 m
08 ‘ |.
06
v —— Real
2 Fake
044
021
0.0
0 100 200 300 400 500
epoch

Hinh 8: Po th; gia tri D(x) va D(G(2))

Hinh 9 dudi day mé ta mot s hinh anh gia (fake)
duoc tao ra boi moé hinh GAN dya trén bo dir liéu
Pokemon. Tuy chat lwong anh Pokemon khong duoc tot
nhu anh that & Hinh 2 phia trén, nhung diéu nay ciing cho
thdy tiém nang wng cua tng dung mang GAN cho sinh
anh nhan vat Pokemon.

Hinh 9: Hinh anh Pokemon sinh bgi GAN
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Dé c6 tham s6 dinh lugng dénh gia xem chat lugng
anh sinh ra da tot chua, ma khong bi phu thugc cam nhan
mat thuong dé danh gia, mang GAN su dung chi sb
Inception Score (IS) [15]. Theo d6, IS duoc tinh bang
cach st dung mang Inception V3 cia Google da dugc
huan luyén trén tap dir liéu anh ImageNet. St dung
Inception nguyén ban, khong tinh chinh tham sé fine-
tune. Céc birc anh Pokemon sinh ra bai GAN la anh dau
vao ciia mang Inception va dau ra dua qua ham softmax
dé két xuat dwoc gi4 tri x4c suat anh ddy thudc 16p nao
trong 18 16p anh Pokemon.

IS danh gia 2 thudc tinh cua tap hop cac hinh anh
duoc tao ra: Chit lwong hinh anh, c6 gidng mot dbi twong
cu thé khong? Pa dang hinh anh, céc anh duoc tao ra cé
d6 phu rong, da dang? IS dung Kullback—-Leibler
Divergence (KLD) dé danh gia va néu mang GAN sinh ra
anh tét, tirc chat lugng anh t6t va da dang thi gia tri KLD
s& cao va nguoc lai.

Két qua do IS trén tap anh Pokemon sinh ra béi mang
GAN st dung thu vién pytorch_gan_metrics cho gié tri IS
= 2.2936 va do léch chuan IS_std = 0.3265. Gi4 tri nay 1
thip so vai cac két qua thir nghiém khac (vi du két qua
thir nghiém trén tap anh CIFAR-10 dataset la IS = 8.09).
Dé giai thich két qua IS thap nay, nghién ctu nay c6 thu
nghiém chi sé do IS voi bo dir liéu Pokemon nguyén ban
gbc (khdng phai anh sinh ra bai GAN) thi gia tri IS =
3.2631 va IS_std = 0.4095.

Nhu vay, ngay ca dbi voi bo dir lieu Pokemon géc
cling khong cho gia tri IS cao nhu mong mudn. Piéu nay
c6 thé ly giai la do Inception V3 duoc huan luyén trén tap
dit liéu anh ImageNet va tap dir liéu anh nay cha yéu gom
c4c buic anh tu nhién, anh con nguoi, c6 thé khong chira
cac birc anh nhéan vat hoat hinh Pokemon nén kha nang
nhan dang ddi véi dit liéu Pokemon chua cao.

Tuy vay, két qua nghién ctu cho thiy c6 tiém ning
trong str dung mang GAN phuc vu bai toan sinh dit liéu
anh Pokemon noi riéng va cac dit liéu da phuong tién
khéac néi chung trong qué trinh phat trién cac ung dung
Games, thuc té 40 (VR), thuc té 4o tang cudng (AR), thuc
té hdn hop (MR), thuc té a0 mé rong Extended Reality
(XR)...

V. KET LUAN VA HUONG PHAT TRIEN

Nghién cuau nay da tht nghiém md hinh GAN
(Generative Adversarial Networks) cho bai toan sinh di
liéu anh da phuong tién st dung bo dit liéu hinh anh tro
choi Pokemon cua Nhat Ban. M& hinh thtt nghiém su
dung mang no ron tich chap (Convolutional Neural
Network) cho phan phan biét (Discriminator) va mang no
ron giai chap (Deconvolutional Neural Network) cho
phan sinh (Generator). Két qua thir nghiém cho thiy, mo
hinh GAN cho két qua c6 tiém ning, goi y mét huéng
giai quyét bai toan sinh dir liéu da phuong tién dé ung
dung cho céc bai todn Games, hoat hinh, d6 hoa, ...

Hudéng phat trién cac nghién cau tiép theo c6 thé thir
nghiém céac tap dir liéu da phuong tién khac (&m thanh,
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[10]

[11]

[12]

[13]

[14]

video, tap anh khac...) va str dung cac mo hinh bién thé
GAN khac nhu CycleGAN, StyleGAN, BigGAN,
Wasserstein GAN, StarGAN, SRGAN, ...
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APPLIED GAN (GENERATIVE ADVERSARIAL
NETWORKS) MODEL INTO MULTIMEDIA DATA
GENERATION

Abstract: The characters of Pokemon images are
artificial, animated, so they are different from normal
image processing problems. This study tests and evaluates
the responsiveness of the GAN (Generative Adversarial
Networks) model to the image set of Pokemon characters.
The model uses a convolutional neural network for the
discriminator and a deconvolutional neural network for
the Pokemon character image data generator. The test
dataset is the Veekun image set. Experimental results
show that, even though it is a game image, the GAN
model is still quite suitable and has potential for
application to the problem of multimedia data generation.

Keywords: GAN, Pokemon, generator, discriminator,
real image, fake image.
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