ISSN: 1859-2171 TNU Journal of Science and Technology 200(07): 119- 124

MOT MO HINH DEEP LEARNING NHE CHO BAI TOAN NHAN DANG TUOI
VA GIOI TiNH SU DUNG MANG CNN

Phiing Thi Thu Trang'’, Ma Thi Hong Thu®
'Khoa Ngoai ngit - PH Thdi Nguyén, *Pai hoc Tan Trdo

TOM TAT

Bai toan nhan dang tudi va gi6i tinh dang thu hut dugc nhiéu sy chi y tir cac nha nghién ctru dic
biét 1a khi mang xa hoi va mang truyén thong ngay cang phd bién. Cac phuong phap dugc cong bd
gin day cho két qua kha tot vé& d¢ chinh xac nhung con t6 ra kém hiéu qua trong van dé nhan dién
thoi gian thyc boi vi cdc md hinh nay duoc thiét ké qua phuc tap. Trong bai bao ndy, chung t6i de
xudt mot mo hinh nhe mang tén lightweight CNN thye hién song song 2 nhiém vu 1a phan 16p tudi
va gidi tinh. V& do chinh x4c trong nhan dién tudi thi lightweight CNN tét hon 5.1% so v&i md
hinh t6t nhat da dugc cong bd gan day. Vé thoi gian chay va s luong tham sd duoc st dung thi
lightweight CNN sir dung it hon nhiéu so v&i cac md hinh khac trén bo dir liéu Adience, dap tmg
dugc yéu cau vé nhan dang trong thdi gian thyc.

Tir khéa: Hoc sdu, Mang CNN, Phén [0p tuéi, phdn I6p gidi tinh, Mang noron

Ngay nhdn bai: 09/4/2019; Ngay hoan thi¢n: 26/4/2019; Ngay duyét ding: 07/5/2019
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ABSTRACT

Age and gender identification problems are gaining a lot of attention from researchers since social
and multimedia networks are becoming more popular nowadays. Recently published methods have
yielded quite good results in terms of accuracy but also proved ineffective in real-time
identification because these models were designed too complicated. In this paper, we propose a
lightweight model called lightweight CNN that performs parallel tasks of age and gender
classification. In terms of accuracy in identifying age, lightweight CNN is 5.1% better than the
best model recently published. About runtime and the number of parameters used, lightweight
CNN uses much less than other models on the Adience dataset, meet the identification
requirements in real time.
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1. Gi6i thiéu

Xu ly anh va thi gidc may tinh dang la nhiing
linh vyc dugc quan tim nhiéu nhat trong tri
tué nhan tao véi nhiéu bai toan thuc té. Bén
canh do, sy phat trién vuot bac cta cac thuat
toan hoc su dic biét 1a mang ludi than kinh
tich chap (covolutional neural network —
CNN) di cho nhiing két qua vuot bic trong
cac bai toan dién hinh. Vi du Alex cing cac
cong su [1] da dé xuat mot mo hinh st dung
mang CNN va gianh chién thing trong cudc
thi ImageNet véi ty 1¢ 16i dat 15.3% vao nim
2012. Pay la cudc thi c6 quy md 16n nhét thé
gidi vé bai toan nhan dién ddi tugng trong
anh. Nam 2013, Zeiler va Fergus [2] da dé
xuat mot md hinh c6 tén ZFNet va giam 15i tir
15,3% xudng con 14,8%. GoogleNet
(Inception) va VGGNet di dugc dé xudt nim
2014 [3] véi ty 1¢ 16i lan luot 1a 6,67% va
7,32%. Nam 2015, Kaiming He [4] d3 d& xuét
kién trac mang ResNet va dat ty 1¢ 16i 3,57%,
ty 18 16i nay con tot hon ca hiéu suét cta con
ngudi. Ngoai trir bai toan nhan dién déi tugng
trong anh, CNN thuong dugc ap dung cho
nhiéu bai toan khac nhu: Phat hién da déi
tuong trong anh, dat ti€u dé cho anh, phéan
doan anh,... Tham chi, Yoo Kim [5] d& ap
dung mang CNN cho bai toan phan 16p cau va
dat hi€u qua cao trong nhiéu bo co s¢ dit liéu
vé van ban khac nhau.

Khuon mat 1a mot ddi tugng trong co thé con
ngudi va hinh anh khuén mat mang rat nhiéu
thong tin quan trong nhu: tudi tac, gidi tinh,
trang thai cam xuc, dan tdc,... Trong do, viéc
xéac dinh tudi tac va gidi tinh 1a hét stc quan
trong, dic biét trong giao tiép, ching ta cin
si dung nhiing tr nglt phu hgp véi gidi tinh
ctia ngudi nghe vi du trong tiéng Viét chung
ta co: anh/chi, chi/co... Hay vé&i nhiéu ngdn
ngit khac nhau trén thé gidi, ching han nhu
tiéng Viét thi 16i chao hoi danh cho ngudi 16n
tudi khac véi nguoi tré tudi. Do do, viéc Xac
dinh tudi va gi6i tinh dya trén khudn mat la
mdt bai toan hét sirc quan trong, co y nghia
thue té to 16n.

Bai toan udc lugng tudi va gidi tinh da dugc
quan tim nhiéu trong sudt 20 nam gan day, da
c6 rat nhiéu cac cong trinh duoc cong bd voi
nhiéu ky thuat khic nhau ching han nhu:
AGing pattErn Subspace (AGES), Gaussian
Mixture Models (GMM), Hidden-Markov-
Model (HMM), Support Vector Machines
(SVM), ... Ttr khi cac mo6 hinh hoc sau duogc
ap dung cho bai toan nay da cai thién déng ké
Kkét qua vé mat hiéu suit cling nhu tdc do. Po
chinh x4c cua mo6 hinh khi uéc lugng tudi dat
62,8% va ddi voi giodi tinh dat 92,6% [6].

Tuy nhién, dé dat dugc hiéu suét cao thi cac
mo hinh thuong dugc xay dung cang phuc tap
v6i s6 lugng tham sé 16n (tir 10 triéu dén hon
100 triéu tham sd), do d6 gay kho khin trong
van dé nhan dang trong thoi gian thyc. Trong
bai bao nay, ching t6i dé& xuat mot mo hinh
nhe st dung CNN vdi khoang 1 tri€u tham sb
nhung dat két qua nhan dién tudi 1én dén
67,9% va nhéan dién gidi tinh 1én dén 88,8%.
Véi s6 lwong tham s6 nho nay thi mé hinh
clia chung toi hoan toan co thé chay duoc trén
cac thiét bi nhung va thiét bi di dong mot cach
dé dang dam bao van dé thoi gian thuc. Sy
dong gop cua chung téi trong bai bao nay la:
(1) Xay dung mot md hinh nhe dé giai quyét
bai toan da nhiém vu (du doan tudi va gidi
tinh tir anh chup khuén mat). (2) Tir két qua
clia md hinh cho thdy rang thuét toan khong
chi t6t vé mat hiéu sudt ma con giam thiéu sd
lwong tham sé duogc st dung tir d6 giup cai
thién tbc d6 cia mé hinh va dap tng duoc yéu
cau vé nhan dién trong thoi gian thyc.

2. Céc nghién ctru gin day

Nhu di duoc dé cip & phan Gidi thiéu, bai
toan wdc lwong tudi va giéi tinh di duoc
nghién ctru tir rat 1au. Nhung hau nhu ching
chi dugc nghién ctu tach roi nhau. Cac mod
hinh dugc xdy dung riéng bi¢t cho tung
nhiém vu. Cho dn niam 2016, Linnan Zhu
cung cac cong su [7] dé xuit mot mo hinh da
nhiém vu giai quyét ca hai bai toan cling mot
lac. Trude tién chung ta xét 1an lugt cac bai
toan dé c¢6 cai nhin tong quan.
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2.1 Bai todn phan 16p tuéi: Nhiém vy cia bai
toan nay l1a dua ra udc luong tudi cua mot
nguoi tir birc anh chup khuoén mat cta ho. Bai
toan nay dwoc gigi thidu lan dau tién boi
Kwon va Lobo [8] trong d6, ho su dung
phuong phap phat hién va tinh toan ty I¢ cta
cac nép nhan trén khudn mat dé c6 thé du
doan do tudi va sau d6 no duge cai tién boi
Ramanathan va Chellappa [9]. Tuy nhién,
phuong phap nay c6 thé phan biét duoc do
tudi gilta ngudi 16n va tré em, nhung rat kho
cO thé phan biét dugc do tudi giita nhing
nguoi 16n véi nhau. Mot cach tiép can khac
do Geng cung cac cong su [10] trinh bay la su
dung AGES cho hi€u qud cao hon nhung
thudt toan nay can mot luong 16n hinh anh
khuén mat cia ting ngudi va dac bi¢t hinh
anh dau vao nay can phai ¢ chinh giita, mat
huéng thing va duoc cin chinh dang kich
thude. Tuy nhién, trén thuc té thi cac blrc anh
chup lai rat it khi théa man diéu kién nhu vay
do d6 cach tiép can nay khong dwoc phu hop
v6i nhiéu ing dung thuc té.

Mot cach tiép can khac duva trén cac thuat
toan thong ké da dwoc sir dung nhu GMM
[11] va HMM, super-vectors [12] dugc st
dung dé lam dai dién cho ting phan cia
khuén mat. Trong thép ky qua, khi cac thuat
toan hoc may dan dugce cai tién va dat duge
thanh tyu to 16n dac biét 1a hoc sau, thi mot
loat cac cong trinh nghién ctru vé& phan 16p
tudi duge cong bd cho két qua kha quan, co
thé ké dén nhu: Eidinger cung cac cong su
[13] dd st dung SVM két hop vé6i dropout
cho bai toan nhan dién tudi va nhan dién gidi
tinh. Nam 2015, Gil Levi va Tal Hassner [14]
dd dua ra mo hinh Deep Neural Network du
tién cho bai toan phan 16p tudi va gidi tinh.
Sau d6, Zhu cung cac cong sy [7] da xay
dung mot mo hinh da nhi¢m vu cho phép chia
sé¢ va tim hiéu cac tinh ning t6i wu dé cai
thién hiéu sut nhan dang cho ca hai nhiém
vu. Py 1a bai bio dau tién 4p dung mé hinh
t6i wu hoa bai toan nhan dién tudi va gidi tinh
cung nhau dé thiy duoc mdi quan hé giira 2
bai toan.

2.2 Bai todan phdn lép gioi tinh: Cung véi sy
phat trién ctia bai toan nhan dang tudi, bai
toan nhan biét giéi tinh di dugc dé xuat va
giai quyét tir nhitng nim 1990. Tong quan vé
cac phuong phap phan 16p gidi tinh ban doc
c6 thé duoc tim thay trong [15]. Sau day,
chung t6i s& tom tat mot s6 phuong phap lién
quan. Cottrell [16] 1a nguoi dau tién dé xuat
md hinh mang noron gidi quyét bai toan nhan
dang gidi tinh, tuy nhién cac khuon mat dau
vao phai dam bao nhiéu yéu cau nhit dinh,
gdy ra nhiéu han ché cho mé hinh. Sau dé,
Lyons cung cac cong su [17] da st dung thuat
toan PCA (Principal Component Analysis) va
LDA (Linear Discriminant Analysis) dé nhan
dién ra gidi tinh. SVM va AdaBoost dugc sur
dung trong [18] va [19]. Trong [20], Ullah da
st dung B mo ta két ciu cuc bd Webers dé
nhan dang gidi tinh. Hau hét cac phuwong phap
duogc thdo ludn ¢ trén da sir dung bd co s¢ dir
liéu FERET & danh gia hiéu suit cia mo
hinh. Tuy nhién, cac hinh anh trong bd dir
liéu FERET dugc chup trong diéu kién tét,
hinh anh céc khuén mat khéng bi che phu, va
hudng thang. Hon nita, két qua thu dugc trén
bd dir lidu nay cho thdy né da bao hoa va
khong thach thic dbi véi cac phuong phap
hién dai. Do d6, nhitng nim gan day bo co s
dir liéu Adience thuong duoc sir dung dé so
sanh két qua giita cac mo hinh. Boi vi bo dit
liéu nay chtra hinh anh thach thirc hon so vai
b6 dir liéu FERET va dugc thiét ké dé khai
thac t6t hon cac thong tin tir cac anh dir liéu
dao tao [14]. Cling tuong ty nhu bai toan phan
16p tudi, cac mo hinh nhu SVM, Deep Neural
Network bao gdm AdienceNet [14], CaffeNet,
VGG-16, va GoogleNet [6] cling dugc ap dung
cho bai todn nhan dién gidi tinh.

Tuy nhién, cac phuong phap dugc néu ¢ trén
déu ton tai nhiing han ché nhit dinh. Véi cac
phuong phap gin ddy sir dung mang neural
network thi d3 khéc phuc duoc nhitng han ché
d6 nhung s6 luong tham sé duoc sir dung con
rat 16n, gay kho khan cho vAn dé& nhan dién
trong thoi gian thuc va cho cac thiét bi nhung.
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3. Pé xuit thuit toan

Trong phan nay, ching t6i s& trinh bay mot
mo hinh da tac vu nhe mang tén hghtwelght
CNN d¢é giai quyét bai toan phan 16p tudi va
gidi tinh. M6 hinh cta chung t6i dugc trinh
bay thanh 3 phan bao gdm: Mang tich chap
nhe, kién trac mé hinh va cudi cing 1a huin
luyén va thtr nghi€ém. Sau day, ching t6i sé
gi6i thi¢u vé mang tich chap nhe.

3.1 Mang tich chdp nhe: 1a st dyng mang
CNN dé xay dyng ra md hinh véi sé luong
tham sd it, nhung van dam bao hiéu qua vé
mat hiéu suit. Hay noi cach khac 13 1am thé
nao dé xdy duyng mot moé hinh CNN véi sd
lugng tham s6 it nhét co thé nhung lai dat
hiéu qua tot nhat c6 thé, diy ciing 13 thach
thire kho khan nhét dugc dit ra ddi véi céc
mO hinh nhe ndi chung. Khac vdi cac mo hinh
nhu VGG Net hay ResNet sir dung hon 40
triéu hodc tham chi hon 100 tham sd, cac mo
hinh nhe chi st dung vai triéu hoac tham chi
chi hon 1 triéu tham sb. Vi du: véi phan loai
d6 tudi, mo hinh AdienceNet tir [14] da str
dung hon 10 triéu tham sé va do chinh xéac 1a
50,7%, mod hinh VGG-16 tir [6] da sir dung
hon 100 triéu tham s6 va do chinh x4c la
62,8%, nhung mo hinh nhe tr [7] chi sir dung
10 triéu tham s va do chinh xac 18n t6i 46,0%.
3.2 Kién tric mé hinh: mo hinh lightweight
CNN duoc md ta nhu trong hinh 1. Phan dau
tién ctia md hinh, chung t6i st dung mang
CNN dé trich chon ra céc dic trung tur dir liéu
anh du vao. Cac hoat dong trong ting CNN
nay bao gom: Convolution (Conv) + Batch
Normalization (BN) + Rectified Linear Unit
(ReLU) + Max Pooling (MaxPool) voi kich
thudc ctra sO trugt 1a 2x2, budc nhay bang 2 +
Drop out (Dropout) véi ty 1& drop 1a 0,25. O
phén sau ciia md hinh, chung t6i sir dung mang
Fully Connected (FC) voi ty 1¢ dropout 1a 0,25.
3.3 Hudn luyén va thir nghi¢m: Pau vao cua
md hinh 13 cac hinh anh RGB dugc thay dbi
kich thudc xubng con 64x64, diu ra cia mod
hinh 14 vecto y bao gdm 2 gia tri twong tmg véi

woc luong tudi va wdc luong gidi tinh cua
ngudi trong anh dau vao. Ham mat mat ctia mo
hinh £ dugc thiét ké nhu trong cong thirc (1).

N

1

et ) N
i=1

Trong do, N la $6 miu dua vao md hinh huin
luyén, T 13 s6 lwong nhiém vu (voi bai toan
nay T = 2). Chlng ta c6 y 1a két qua dau ra
ctia mo hinh va y 1a két qua thuc té cua dir
liéu. Him mét mét £ dugc xay dung dua trén
cong thuc MSE va 4p dung cho bai todn da
nhiém vu.

L(w,b) =

4. Thir nghiém

4.1 Bj co s¢ dir ligu Adience: Nhu da dugc
dé cdp 0 muc trudc, ching téi st dung bd co
so dir liéu Adience tir [21] dé tién hanh huan
luyén va danh gia mé hinh. B6 co so dit liéu
Adience chu yéu duoc xay dung dé nhan biét
d6 tudi va gioi tinh dua vao anh chup khuén
mat. Adience chira hon 26 nghin hinh anh véi
d6 phan giai 816 x 816 ctia hon 2 nghin nguoi
khac nhau. Hau hét cac hinh anh tir bo dit ligu
dugc tu dong tai xudng tir Flickr va ching
duoc thu thap truc tiép tir cac thiét bi di dong
ma khoéng qua loc thu cong trude do.

Co6 8 nhém dai dién cho d6 tudi cua cac dbi
tugng bao gdm 0-2, 4-6, 8-13, 15-20, 25-32,
38-43, 48-53, 60-. Hinh 2 1a m¢t vi du vé cac
hinh anh véi chit luong diéu kién anh sang
kém, bi che mot phé”m khuén mit, cac tu thé
dau khéc nhau, ... cho théy su thach thuc tir
bd co so dir liéu nay.

Chung toi khong sir dung bat ky dir liéu bén
ngodi nio trong giai doan huan luyén. Mo
hinh lightweight CNN dugc dao tao tir dau
v6i ham t6i wu hoa 1a Adam. Cac hinh anh
huén luyén dugc chia thanh nhiéu phén voi
kich thudc 1a 32 hinh anh trén mdi batch va ty
1¢ hoc tap chung ti sir dung 1a 0,001. Dé
danh gia chinh xac hiéu suit cia md hinh,
chung t6i st dung five-fold cross validation va
so sanh két qua_ctia mo hinh véi cac phuong
phap da dugc dé xuat gin day trong [14], [61,
[7], [22] vé ca d6 chinh xac, lugng tham sb st
dung cling nhu thoi gian thuc hién.
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Hinh 1. Kién triic mé hinh lightweight CNN

Hinh 2. Mt s6 danh trong bé dit liéu Adience

4.2 Két qud va so sdanh:

Tir bang 1, c6 thé thdy rang md hinh cia
chung t6i cho két qua cao nhét trong viéc udc
lugng do tudi (dat 67.9% cao hon 5.1% so véi
két qua tot nhét hién tai 1a VGG-16), vé mat
du doan gidi tinh, m6 hinh cua ching t6i kém
hon 5% so vdi cac mo hinh hoc sau khac nhu
VGG-16.

Bang 1. So sanh do chinh xdc gitva cac mé hinh

M®d hinh Tubi Giéi tinh
AdienceNet  50,7% +5,1% 86,8% + 1,4%
Best from 46,0% * 0,6% 86,0% + 1,2%
CaffeNet 54,3% 90,6%
GoogleNet 58,5% 91,7%
VGG-16 62,8% 92,6%
CNN-ELM 52,3% +5,7% 88,2% +1,7%
Lightweight  67,9% + 1,9% 88,8% + 1,8%
CNN

Bang 2, cho thy sé lwong tham sb dugc sir
dung cua cac mo hinh. M6 hinh light weight
CNN chi st dung khoang 1 triéu tham sb,
trong khi cac mé hinh khac sir dung vai triéu
tham chi hon 100 triéu tham sb chéng han
nhu VGG-16 sir dung toi 138 triéu tham s6.

Bang 2. So sdnh s6 leong tham sé duwoc sir dung
giita cac mo hinh

M6 hinh S6 lwong tham so sir dung
AdienceNet [14] 12 triéu
Best from [7] 7 triéu
CaffeNet [6] 61 triéu
GoogleNet [6] 4 triéu
VGG-16 [6] 138 triéu
CNN-ELM [22] 11 tridu
Lightweight CNN 1 triéu

Vé thoi gian thyc hién, ching t6i so sanh voi
Best from [7] bdi vi day la mo hinh nhe duy
nhit va ciing 13 mo hinh duy nhit c6 cong bd
thoi gian chay. Ching t6i xay dung lai mo
hinh cta ho va chay chiing trén cung mt may
tinh c¢6 cdu hinh 3.6GHz CPU va 20GB
RAM. M6 hinh trong [7] mét 0.4 gidy dé du
doan ra tudi va gidi tinh tir mot birc anh dau
vao, trong khi d6 mo hinh light weight CNN
chi mét 0.08 gidy dé 1am viéc tuong ty.

5. Két luan

Trong bai bao nay, chung t6i da dé xut mot
mod hinh hoc sau nhe st dung mang CNN dé
nhan dién tudi va gi6i tinh dya vao hinh anh
khuén mat. M6 hinh méi nay cho phép sur
dung mot ) lugng nhé cac tham ) nhung dat
hiéu suét tt hon cac mé hinh da duge cong
bd gin day, dong thoi gop phan giai quyét
vAn dé nhan dién trong thoi gian thyc.

Trong twong lai gan, ching t6i dang co ké
hoach cai thién d0 chinh xac ctia m6 hinh, dac
biét 1a ddi véi udc lugng gidi tinh. Mat khac,
chang t6i s€ ap dung mé hinh cia chiing t6i
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cho cac bai toan khac trong Iinh vuc thi giac
may tinh va xt Iy hinh anh.
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