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COMPACT VERSION OF EFFICIENTNET FOR MOBILE DEVICES

MOT PHIEN BAN NHO GON CUA MO HINH EFFICIENTNET
DANH CHO THIET BI DI PONG

Hoang Van Thanh
Truong Pai hoc Quang Binh

ABSTRACT: EfficientNet is a convolutional neural network architecture generated
by performing a neural architecture search using the AutoML MNAS framework, which
optimizes both accuracy and efficiency. It is based on the inverted bottleneck residual
blocks of MobileNetV2, in addition to squeeze-and-excitation blocks. On the ImageNet
challenge, with a much fewer parameter calculation load, EfficientNet could take its place
among the state-of-the-art. This paper introduces a compact version of EfficientNet for
mobile devices which has similar accuracy on ImageNet dataset but can run
approximately 2 times faster.
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TOM TAT: EfficientNet la mot kién triic mang no-ron tich chdp dworc tao ra bc%ng cdach
thue hién tim kiém kién triic no-ron sir dung nén tang AutoML MNAS, gitip téi wu héa ca do
chinh xdc va hiéu qua. N6 duea trén kién triic khoi mit ¢é chai dao nguroc kém cdu triic phan
dir ctia MobileNetV2, bén canh cdc khéi nén va kich thich. Khi dp dung vao bai todn phdn
loai anh trén tap dit liéu ImageNet, voi tai tinh toan tham 0 it hon nhiéu, EfficientNet dat
dwoc mot vi tri cao trong cdc mo hinh hiéu qua nhat. Bai viét nay gioi thiéu mot phién ban
nho gon cua EfficientNet danh cho cdc thiét bi di dong. No co do chinh xac trén bo div liéu
ImageNet twong ti nhue phién ban goc nhung cé thé chay nhanh hon khodang 2 lan.

Tir khoa: CNN, EfficientNet, thiét bi di dong.

1. GIOI THIEU

Mang no-ron tich chép sau (Deep
convolutional neural network - CNN) da
cho thdy hiéu suit dang ké trong nhiéu tac
vu thi gidc may tinh trong nhitng nam gan
day. Xu hudng chinh dé giai quyét cac
nhiém vu chinh la xay dung cdc CNN sau
hon va lén hon [2, 12]. Cac m6 hinh CNN
chinh x4c nhit thudng c6 hang tram 16p va
hang nghin kénh [2, 5, 13, 16]. Nhiéu tng
dung trong thé giéi thuc can dugc thuc hién
trong thoi gian thuc va/hodc trén cac thiét bi
di dong c6 tai nguyén han ché. Do d6, mo
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hinh phai gon nhe va chi phi tinh toan thap.
Viéc gidm kich thudc mo6 hinh CNN dang 1a
su danh dbi gitra hi¢u qua va do chinh xac.
Gan day, nhidu cong trinh nghién ciru
tap trung vao linh vuc thiét ké kién trac hiéu
qua. Liy cam hung tir kién tric dugc dé
xudt trong [7], mo-dun Inception duoc dé
xudt trong GoogLeNet[12] dé xay dung cac
mang sau hon ma khong lam tang kich
thudc mo hinh va chi phi tinh toan. Sau do,
n6 dugc cai thién hon nira trong [ 13] thong
qua tich chap nhén tir. Tich chip c6 thé
phan tich theo chidu siu (Depthwise



Separable Convolution) da khai quat hoay
tuong phan tich thira s6 va thuc hién phan
tach phép tich chap tiéu chuan thanh mot
phép tich chap theo chiéu sau (depthwise
convolution) va theo sau 1a mét phép tich
chap 1x1 theo timg diém. EfficientNets
[15], mt nhom cadc mang no-ron tich chap
duoc chia theo mot ty 18 hiéu qua, gan day
d3 noi 1én nhu mot trong cac mo hinh higu
qua nhét cho céc tac vu phan loai hinh anh.
EfficientNets toi uu hoa do chinh xéc ciing
nhu hiéu qua bang cach giam kich thude
mo hinh va cic phép toan ddu phiy dong
duoc thyc hién trong khi van duy tri tinh
hiéu qua cta mo hinh. Kién trac mang co
ban cta mé hinh duoc thiét ké bang cach st
dung tim kiém kién trac than kinh (neural
architecture search - NAS). Bang cach mo
rong mo hinh co ban cua EfficientNets, cac
tac gia da c6 dugc 1 sé-ri cac bién thé cia
md hinh EfficientNets. Loat m6 hinh nay
da danh bai tat ca cac mé hinh mang than
kinh tich chap trudc d6 vé hiéu qua va do
chinh xdc. Cu thé, EfficientNet-B7 dat
dugc do chinh xac top 1 1a 84,4% va top 5
chinh xdc 1a 97,1% trén bo dir lidu
ImageNet. Va so v6i cac mo hinh khéc cé
dd chinh x4c cao nhit vao thoi diém do,
kich thudc da giam 8,4 1an va tinh hiéu qua
tang 6,1 1an. Thong qua ki thuat hoc chuyén
giao (transfer learning), EfficientNets da
dat duoc nhitng két qua tét trén nhidu bo dir
lidundi tiéng.

Bai bdo nay nghién cttu mdé hinh
EfficientNet-BO, m6 hinh mang co ban
trong chudi EfficientNets. Cau tric c6t 161
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ctia mang 1a mo-dun tich chap nut cb chai
dao nguoc di dong (Mobile Inverted
Bottleneck Convolution - MBConv), mo-
dun nay ciing dwa ra y tuéng chi y vé mang
nén va kich thich (Squeeze-and-Excitation
Network- SENet) [4]. Thong qua nghién
curu nay, chung t61 da tao ra mot bién thé
nhe hon cua EfficientNet-B0 dé 1am cho n6
than thién hon véi cac thiét bi di dong.
2. CAC NGHIEN CUU LIEN QUAN
2.1. Kién tric nhé gon cho mé hinh
CNNs

Gan ddy, c6 nhiéu nghién ctu tap
trung vao phuong phép thiét ké kién tric
nho gon cho cadc md hinh CNN|[3,5, 11,17,
18]. Ho da dé xuét cac mo hinh CNN hiéu
qua c6 thé duogc dao tao tir dau dén cudi.

MobileNetV1 [3] da gidi thi€u phép
tich chdp c¢6 thé phan tdach theo chiéu sdu
(Depthwise Separable Convolution) nhu
mot giai phap thay thé hiéu qua cho cac
phép tich chap truyén théng. Phép tich chap
c6 thé phan tach theo chiéu sau, co thé
tuong duong v6i phép tich chap truyén
thng biang cach tach tich chap theo khong
gian ra khoi qua trinh dién sinh ban d6 dic
trung. N6 bao gom hai 16p riéng biét. Lop
dau tién st dung toan tir tich chap theo
chiéu sdu véi kich thude rat nhe. N6 ap
dung mot bd loc tich chap duy nhat cho mbi
kénh dau vao dé nim bét thong tin khong
gian trong moi kénh. Sau d6, 16p thir hai sir
dung tich chap theo chiéu diém, nghia 1a
tich chap 1x1 c¢6 kich thudc 16n hon, dé
nam bt thong tin giita cac kénh nham tao ra
duoc ban do dac trung hi¢u qua.
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a)

b)

Hinh 1. Kién tric cua cac khéi dugc sir dung trong thuc nghiém cua nghién ctru. a) Khéi
tich chap nut ¢6 chai dao nguoc trén thiét bi di dong khong c6 mo-dun SE (MBConv) str
dung trong Efficient-B0-lite. b) Khéi tich chap vdi phép tich chap 3 x 3, va 1 x 1 (sau ddy s&
goi 1a khdi Conv31) str dung trong EfficientNet-BO-compact duoc dé xuit. Qua trinh lay
mau giam d6 phén giai (downsampling) s& nam trong phép DWConv hoic phép tich chap 3
x 3. Két ndi phan du s& khong ton tai néu kich thudc cua ddu vao va dau ra khac nhau.
DWCon: L6p tich chap theo chiéu sdu. Conv: Lop tich chép.

MobileNetV2 [11] da giéi thiéu kiéu
thiét ké nut c6 chai dao nguoc kém cu trac
phan du dé tao ra cac cdu tric 16p hiéu qua
hon nita. Cu tric nay duoc thé hién trong
Hinh 1.a). N6 bao gdm mat phép tich chap
mo rong 1 x 1, theo sau do 1a phép tich chap
theo chiéu sdu va ldp phép chiéu1x1. Déu
vao va dau ra dugc két ndi bang mot két n01
phan du khi va chi khi ching c6 cung sb
lwong kénh va do phan giai. Ciu trac nay
duy tri mot biéu dién nho gon ¢ dau vao va
dau ra trong khi mé rong sang khong gian
dac trung c6 nhiéu chiéu hon bén trong dé
tang tinh dic trung cta cac phép bién doi
phi tuyén tinh trén mdi kénh.

EfficientNets [15], mdt nhom cac
mang no-ron tich chap dugc mo rong theo
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mot ti 1& hidu qua, gan ddy da ndi 1én nhu
mot mod hinh tién tién nhat cho cac tac vu
phan loai hinh anh. EfficientNets toi vu hda
d6 chinh xé4c ciing nhu hiéu qua bang cach
giam kich thudc mo hinh va cac phép toan
dau phay dong dugc thuc hién trong khi van
duy tri chat lugng mé hinh.

Kién tric cua EfficientNets duoc thiét
ké béng cach thuc hién tim kiém kién trac
mang no-ron, mot ki thuat dé tu dong thiét
ké mang no-ron. N6 t6i uu hoéa ca do chinh
xac va hiéu qua nhu dugc do trén co sé phép
toan déu phay dong mdi gidy (FLoating-
point Operations Per Second - FLOPS).
Kién tric nay sir dung khéi tich chap nut ¢6
chai dao nguoc trén thiét bi di dong (Mobile
Inverted Bottleneck Convolution -



MBConv). Sau d6, cac nha nghién ctu da
md rdng mang co sd nay dé c6 duoge mot ho
cac moO hinh hoc sau, dugc goi la chung
EfficientNets. Dya vao do, cac tac gia cling
dé xudt ho mo hinh EfficientNet-lite v6i
khac biét la khong c6 mo-dun nén va kich
thich (SE). Kién trtc cta EfficientNet-BO-
lite, md hinh mang co ban trong chudi
EfficientNets-lite, duoc duara trongBang 1.

Miic d6 hiéu qua 1a van dé quan trong
nhit dbi véi cac mo hinh tich chap cho thiét
bi di dong. Céc kién tric tich chap hiéu qua
da duoc nghién ctru rdng rai trong dong
MobileNet [3, 11]. Phép tich chap co thé
phan tach theo chiéu siu va khéi tich chap
nut ¢6 chai ddo ngugc 1 nhimg y tuong cbt
161 cho mot mang c6 kich thudce di dong hi¢u
qua. MnasNet [ 14] va EfficientNets[15] tién
thém mét budc dé dua ra khéi MBConv dua
trén nat ¢ chai dao nguoc trén thiét bi di
dong trong [11]. EfficientNet cho thiy rang
cac mo hinh ¢6 st dung khéi MBConv
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khong chi dat duoc két qua tdt trén bo di
liéu ImageNet ma con rat hiéu qua.
2.2. Khéi tich chap niit c6 chai ddo nguoc

Khdi tich chap nut ¢6 chai dao ngugc
thu dugc thong qua ki thuat ty dong tim
kiém kién tric mang no-ron. C4u tric mo-
dun tuwong tu nhu tich chap cé thé phan
tach theo chiéu sdu, nhu c6 thé thiy trong
Hinh 1a.

Trude tién, khdi tich chap nut c6 chai
dao nguoc thuc hién phép tich chap 1 x 1
tung diém trén du vao va dya trén hé s6 mo
rong (expand ratio), thay doi kich thudc cua
kénh dau ra (vi du: khi hé s6 m& rong 1a 3,
kich thu6c cua kénh s& tang 1én 3 14n). Sau
d6 tién hanh phép tich chap theo chiéu sau
v6i kich thudce nhan & x k£ Sau d6, khéi phuc
kich thuéc kénh ban dau khi két thuc bang
phép tich chép timg diém 1 x 1. Cubi ciing,
qua trinh két ndi phan du véi dau vao duoc
thuc hién néu can thiét.

Tang Phép toan Do phan giai S6 kénh S lap
i .7:"1' ]:Il X Wl' éi Li
1 Conv3x3 224 x 224 32 1
2 MBConvl, k3x3 112x112 16 1
3 MBConv6, k3x3 112x112 24 2
4 MBConv6, k5x5 56 x 56 40 2
5 MBConv6, k3x3 28 x 28 80 3
6 MBConv6, k5x5 14 x 14 112 3
7 MBConv6, k5x5 14 x 14 192 4
8 MBConv6, k3x3 7x7 320 1
9 Convlixl & Pooling 7x7 1280 1
10 FC I1x1 1000 1

Bang 1. Kién truc tong thé cua mang EfficientNet-B0-lite. MBConv: Khéi tich chap
¢6 chai dao nguoc trén thict bi di dong, s6 theo sau 13 hé s mé rong.
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Tang Phép toan Do phan giai S6 kénh S6 lap
i ﬁi ]:IZ ' W,‘ Ci Li
1 Conv3x3 224 x 224 32 1
2 MBConvl, k3x3 112x112 24 1
3 MBConv6, k3x3 112x112 24 1
4 MBConvo6, k5x5 56 x 56 40 2
5 MBConv6, k3x3 28 x 28 80 3
6 MBConv6, k5x5 14x 14 112 3
7 MBConv6, k5x5 14x 14 192 4
8 MBConv6, k3x3 7x7 320 1
9 Convlx]1 & Pooling 7x7 1280 1

10 FC I1x1 1000 1

Bang 2. Kién tric tong thé mo hinh EfficientNet-B0-compact dugc dé xuat. Conv31: Khoi
tich chap c6 16p chap 3 x 3 va 16p chap 1 x 1. MBConv: Khéi Tich chap nit ¢6 chai dao
nguoc trén thiétbi di dong, s6 theo sau la hé sd mo rong.

3.KIEN TRUC MO HINH
3.1. Kién triic mé hinh EfficientNet-B0-
lite

EfficientNet-B0O la m6 hinh mang co
ban trong chudi EfficientNets. Cau triic cot
16i cia mang 14 mo-dun tich chap nut co
chai dao nguoc di dong (MBConv), mo-
dun nay ciing duaray tuong vé su chiiy dua
vao mo-dun nén va kich thich (SE) [4] Céc
tac gid cling da gioi thiéu mot phién ban rut
gon ctia nd, phi hop hon cho céc thiét bi di
dong/IoT. Ho chu yéu thyuc hién cac thay
ddi sau dua trén mo hinh EfficientNet-B0
ban dau: 1) Loai bdo mo-dun nén va kich
thich (SE), do mo-dun SE khong dugc hd
trg tot cho cac thiét bi di dong; va 2) Thay
thé tat ca ham kich hoat (activation) swish
béng ham kich hoat RELU6 dé nhim hau
lwong tir hoa d& dang hon. Kién trac cta né
dugc thé hién trong Bang 1. Tat ca cac 16p
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duoc theo sau bdi mot 16p dinh mirc hang
loat (batch normalization) va kich hoat phi
tuyén tinh ReLU ngoai trir 16p dugc két ndi
day du (fully connected) cudi cung, khong
¢6 phi tuyén tinh va dugc dua qua mot 16p
softmax dé phan loai. Viéc ldy mau xudng
duoc xtr Iy v6i phép tich chap theo chiéu
sdu ctia khoi dau tién trong timg tang, ciing
nhu trong 16p dau tién. Lép tong hop trung
binh (global average pooling) cudi cing
1am giam do phan giai khong gian xudng 1
trude 10p dugc két ndi day du.
3.2. Kién tric mé hinh dé xuat
EfficientNet-B0-compact

Chung t61 s€ gidi thi¢u mot phién ban
méi c6 tén 1a EfficientNet-B0O-compact dé
c¢6 moOt mo hinh than thién hon dua trén
EfficientNet-B0-lite. M6 hinh duoc dé xuét
c6 mot sd khac biét nho & giai doan dau so
voi EfficientNet-B0-lite. Do 1a:
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Cac cai dat khac la: phan ra trong
luong 14 0,0001, dong luong 1a 0,9 va kich
thudc 16 1a2048.

TAt ca cac mang da duoc huén luyén
trén dich vu Google Colab v6i moi trudong
TPU. Tbc d6 cua tit ca cac model duoc
danh gia trén laptop c6 CPU, RAM 8GB
khong c6 thiét bi GPU khi chay mé hinh voi
kich thudclolas.
4.3.Danh gia hi¢u ning

Bang 3 thé hién so sanh vé d6 chinh
xac Top 1 va Top 5 cuia cac md hinh
EfficientNet-B0O, EfficientNet-B0O-lite va
EfficientNet-BO-compact trén bo dir licu
ImageNet.

D@ dang nhén thdy ring mic du phién
ban lite va compact c6 sai s6 cao hon mot
chut so v6i phién ban gbc EfficientNet-B0
nhung lai ¢6 téc d6 chay nhanh gap 2 lan.
Hon nira, phién ban compact c6 thé dat
duoc hiéu suét tuong duong vai phién ban
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