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CAI TIEN KIEN TRUC MANG YOLO CHO BAI TOAN NHAN DANG LOGO
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TOM TAT

Ngay nay, logo khong nhirng dugc xem 1a thuong hi¢u gan lién véi doanh nghiép ma con c6 nhidu
¥ nghia khac. Vi vay, nhan dang logo 1a bai toan rat dwoc quan tdm. Bai bio nay trinh bay mot
phuong phap nhén dang logo dya trén kién trac mang hoc sdu. Thay vi st dung tiép can kiéu
RCNN hoic bién thé FRCNN, ching t6i da cai tién mang hoc sdu Yolo dé do tim ving logo ddng
thoi voi nhan dang logo trong anh méau diu vao. Két qua thyc nghiém voi mau tap flickrlogo47
cho thay phuong phap dé xuat dat dwoc do chinh xac cao. Hon nita, phuong phap dé xuat don
gian, hiéu qua va c6 thoi gian thuc hién nhanh, pht hop vdi cac hé thong nhan dang logo yéu cau
tinh thoi gian thuc.

Tir khéa: do tim doi twong, do tim logo, mang YOLO, FRCNN, nhin dang thoi gian thiee
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CUSTUMIZED YOLO ARCHITECTURE FOR LOGO RECOGNITION
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ABSTRACT
Today, logos not only are considered trademarks associated with businesses, but also have others
meaningfull. Therefore, logo identification is a very important problem in image processing. This
article presents a method of identifying logos in real time with a deep learning network
architecture. Instead of using an RCNN type approach or FRCNN variant, we custumized Yolo
algorithm to detect the logo area simultaneously with the logo identification in the input color
image. Experimental results with popular logo dataset flickrlogos-47, show that the proposed
method achieves high accuracy. Furthermore, the proposed method is simple, effective and has a
fast execution time, in accordance with the logo recognition system that requires real-time
computing.
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1. Gi6i thiéu

Trong thoi gian gan day nhan dang logo trong
anh va video nhan dugc nhiéu su quan tam,
Nghién cuu vi vai tro quan trong ctia nd trong
rit nhidu ung dung thuc té nhu trong cac hé
thdng diéu khién giao thong tu dong, théng ké
tu dong cac nhan hi¢u xuét hién trén phuong
tién thong tin, kiém soat su bung nd cua cac
thuong hiéu, dinh vi tri dat quang cdo phu
hop véi ngit canh trong video. Ngoai ra do
tim, phén loai logo trong cac video con co gia
tri to 16n trong vi€éc phan tich thi truong déac
biét la trong cac quang céo trén tivi hay
internet do tan xuat xuat hién va thoi luong
xuét hién cua logo cho phép cic nha tii tro
udc lugng duge hiéu qua cia viéc quang cao
ma ho dat ra.

Céc logo xuat hién trong cac anh thuong rd
nét vi chu yéu dugc chuyp chinh dién, c6 do
phan giai cao. Do d6 viéc do tim va nhan
dang trong anh thuong cho ket qua tot [1 2]
Tuy nhién ngoai cac yéu t tac dong gidng
nhu trong anh nhu sy da dang vé kich thudc
va hinh thirc, logo c6 thé duoc biéu dién boi
cac ky tu hay biéu tuong dd hoa hoidc béng su
két hop cac dic trung nay. Trong cac video
logo con bi tac dong bai nhidu yéu td khac
nhu: sy phong to thu nhd, sy dang dang trong
diém nhin, trong diéu kién khac nhau cua
cuong do6 sang, bi che khuit mot phan boi nén
hoac ddi tuong khac, sy 1on xon phirc tap cia
nén anh hay da dang vé chung loai vat thé
(hinh 1)... anh huéng dén d6 chinh xac va
thoi gian nhan dang.

(d) le) (f
Hinh 1. Cdc yéu té anh huéng dén nhan dang
logo. Cac logo cung mét nha tai tro  (a), (b) va (c)
6 cdc thé hién, bién dang khdc nhau trong video
tennis. Cdc logos trong cdc frame lan cdn (d), (e)
va (f) bi tdc ddng boi nhiéu va che khudt

Hién nay, c6 ba hudng tiép cin chinh trong
nhan dang logo. Hudng tiép can ¢ dién dua
trén dac trung toan cuc nhu dac trung hinh
dang, lugc d6 mau, két cdu co wu diém giup
cho viéc phat hién logo nhanh nhung viéc
nhan dang thi khong thich hop trong thé giGi
thuc boi vi n6 khong day di thong tin dé phan
biét cac logo thudc cac 16p khéac nhau [3].
Ngoai ra, dac trung toan cuc thuong khong
bét bién v6i nhitng phép bién d6i hinh hoc va
viéc st dung déc trung toan cuc doi hoi tap
anh dung dé huan luyén rat 16n, chi phi tinh
toan cao. Cac hé théng nay thuong sir dung
phuong phap ddi sanh mau, don gian 13 so
sanh cac diém anh cta cac doi tugng can nhan
dang v6i nhau. Tuy nhién, viéc so sanh nay
ton nhiéu thoi gian va khong thu duogc do
chinh xac cao.

Huéng tiép can thtr hai dya trén dac trung cuc
b [4,5,6,7] d3 duoc nhibu tac gia nghién ciru
va van duyng vao bai toan phat hién va nhan
dang logo. Hudng tiép can nay dugc danh gia
cao boi vi cac dac trung cuc bd nay co thé bt
bién v6i nhitng phép bién d6i hinh hoc va
manh dbi véi su thay doi vé diéu kién chiéu
sang, nhiéu, su che khuét mot phﬁn. Mic du
vay cach tiép cin nay van chwa cho do chinh
xac cao va toc do tim kiém tuong ddi cham.
Hudng tiép can thir ba dugc phat trién trong
thoi gian gan day tap trung nghién ciru sir
dung mang hoc sau dé nhan dang
logo[8,9,10]. Oliveria cung cong su [11] da
dua ra cac mo hinh mang nhan chap huin
luyén trudc va st dung ching nhu la mot
phan cia mang nhan chap nhanh dua trén
ving dé& xuat. Véi sb lugng dir liéu huan
luyén c6 gidi han cho viéc nhan dang logo, tat
ca nhiing phuong phap nay lam viéc trén cac
mang huén luyén trudc voi cac muc dich khac
nhau. Bianco va cac cong su [13] thay vi s
dung cac mang huan luyén truéc da sir dung
mang norron nhan chap tr dinh nghia két hop
v6i ving lya chon dé xuét [12] trén tap huin
luyén FlickrLogos-32[14] dé nhan dang logo.
Hudng tiép can thir ba nay cho d chinh xac
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cao hon han hai huéng mot va hai trén. Tuy
nhién, viéc sit dung md hinh hoc séu thuong
phirc tap, toc do xir Iy ¢6 thé cham do phai tinh
toan rat nhiéu trén cac ting mang hoc sau.
Trong bai bao ndy chung toi d& xudt mot
phuong phap nhan dang logo dya trén mang
hoc sdu YOLO cai tién véi hai muc tiéu la
dinh vi vung chtra logo véi cac dic trung cua
no, phan 16p, nhan dang nhan hi€u cua logo
c6 trong vung nay trong khi hinh anh chi
dugc truyén qua mang mot lan duy nhét.

Phén con lai cua bai bao duoc to chic nhu
sau: phan 2 trinh bay cac nghién ctru lién
quan; phan 3 dua ra mo hinh dé xuét; phan 4
trinh bay két qua thuc nghiém; cudi cung két
ludn s& dugc trinh bay trong phan 5.

2. Cac nghién ctru lién quan

Hién tai c6 nhiéu kién trac CNN ding cho
viée do tim ddi twong, tuy nhién céac kién tric
Faster R-CNN[15], SDD[16] va YOLOV3[17]
cho do chinh xé4c cao véi két qua dau ra gdm
hai thanh phan 1a ving chira dbi twong va 16p
clia ddi twong trong cac ving tim thay.

Faster R-CNN 1a b do tim dbi tugng 2 budc
c6 dd chinh xac cao trén tdp dir li€u chuin
nhung lai cham hon 2 bd do mdt budec SDD
va YOLO. FRCNN st dung k¥ thuat RPN
(region Proposal Network)[15] thay thé cho
thuat toan tim vung lwya chon (selective
search)[18] v6n kha cham. Thay vi phai rat
trich dic trung cua mdi ving d& xuét,
FRCNN sir dung CNN rat trich déc trung cta
toan bd burc anh trudec, déng thoi rat trich cac
ving dé xuét, 14y cac ving dé xuét tuong tng
trén dic trung ddi hop, chuén hoa ty 18 va
cubi cung 1a phan 16p va tim vi tri cia dbi
tugng. V&i viéc khong phai lap lai trén qua
nhiéu ving dé xuét viéc rat trich dac trung,
FRCNN giam thoi gian xtt Iy mét cach dang
ké. Bé nhan dang, FRCNN sur dung kién triic
mang Fast R-CNN[20] trén tdp vung dé xuit
vira thu dugc. Pé tang tbc do xur Iy RPN va
Fast R-CNN dugc hop nhét véi cac ting nhan
chap dung chung.

Kién trac cia YOLO [19] gidng v6i FRCNN,
sir dung kién trac mang CNN, trong d6 cac
tang trich xuit dic trung tir anh dau vao va
cac tang lién két day du s& du bao xac suit
16p cua doi tuong va toa do dau ra vung bao
chtra d6i tuong. Hinh anh chi dugc truyén qua
mdt 1an duy nhit, st dung cac dic trung tir
toan btrc anh dé dy bao mdi viing bao voi tat
ca cac doi tuong. Anh dau vao duoc chia
thanh SxS 6 Iuéi (hinh 2), néu tdm cua dbi
tuong nam trong mot 6 thi 6 do s€ chiu trach
nhiém phat hién ra dbi tuong nay.

Hinh 2. Ving bao va cac 6 ludi

Mbi 6 luéi du doan ving bao va do tin cay
twong tng mdi ving bao trong B ving bao
d6i tuong duoc dy bao. Do tin cdy phan anh
kha ning cua d6i twong nam trong ving bao,
dong thoi 1a do chinh xac, d6 khop ciia ving
bao so véi ddi tugng. Do tin ciy két nhap gia
tri do kha niang vung bao ¢ chira dbi tugng
va gia tri do do khop cta viung bao du bao so
v6i ving bao dang. Néu khong ton tai dbi
tuong nao trong 0 ludi, gia tri 6 tin cay sé
gan la 0.

Cécdbaova
G0 tin cay

Lurdi SxS trén
dnh 63u vio

K&t gua nhan
dang

Ban 66 xac sudt
phan lép
Hinh 3. Quy trinh thudt toan YOLO
Moi vung bao chira 5 gia tri X, y, w, h va do
tin cdy. Toa 4o (X, y) thé hién vi tri twong doi
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clia tAm dbi tuong so v6i vién 6 lwedi. w, h 1a
kich thuéc tiwong doi cua chiéu rong va chicu
cao ciia ving bao so véi kich thuéc anh dau
vao. MGi 6 ludi dong thoi ciing dy doan
x4c suat c¢6 diéu kién cta €' 16p cho trudc.
X4c suét nay phu thudc viéc tdn tai ddi tugng
& 6 ludi, va chi du bao mot tap ' xac suit
tuong mg mdi 6 ludi, khong can quan tdm
dén vung bao. Tai pha nhan dang, 2 gid tri
trén duoc nhan véi nhau dé tao thanh do tin
cay - ting 16p cho mdi viing bao.

c(
| o,
c‘ :0-..0‘ .......... “ :
: b, :
. ‘ alt)||: b =o(t )+c
Pl b, § b=o(t)+c,
;| ot [|:b=pe
e I S I O
: \ -
e perpppestens 1o

Hinh 4. Dy bdo ving bao tai mot 6 luoi
Ham loss cuia thuat toan YOLO duoc cho nhur sau:
Loss= {

=0 j=0
5 4 - -
obj '__ '_a. ) ( o e |
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Trong do

]].faj: Néu tim ctia ving bao ddi tuong xuét
hién trong 6 ludi tha i
1<i<S§?

j].?j: Néu ddi tugng xuét hién trong cell i va
ddi tuong dugc bao bdi box j
1<i<S%1<j<B

le.ooa_i:
trong cell i nhung box j khong that sy chira
doi tuong

Néu mot phﬁn ddi tuong xuét hién

1<i<S§%1<j<B

-1

if
VAS, B, A ¢ord, Ao o 1 céc tham sd thue nghiém.
M6 hinh ndy c¢6 nhiéu diém vuot trdi so véi
FRCNN. Tai pha nhan dang, YOLO sg& "nhin"
toan bo biic anh (thay vi timg phan birc anh),
tirc 1a nhimg két qua du bao ciia nd dugc cung
cap thong tin boi ndi dung toan cuc cia bic
anh. YOLO thdng nhét toan bd cac thanh
phan riéng biét trong bo do dbi twong vao mot
mang duy nhat. Vi vay téc d6 cia YOLO la
nhanh hon rat nhiéu so v6i FRCNN nhung d6
chinh xac van khong suy giam. Tuy nhién,
han ché cia YOLO 1a chi nhan dang ra vung
bao quanh dbi twong 14 hinh chit nhat.

3. M0 hinh dé xuét

3.1 Kién trisc mang

Thay vi sit dung kién trac mang CNN trong
YOLO ching t6i dé xuit st dung bién thé
darknet53 v&i 94 tang (hinh 5) du doan ¢ 2 ty
1€ nhu trong hinh 4 phu hop cho viéc nhan
dang logo. Ty 1€ logo to dugc nhén dang ¢
tang 82 va tai ting 94 dwoc dung dé nhan
dang logo c6 kich thudc vira.

3.2 Lwa chon cdc hdp neo

Khac véi YOLOV3 st dung téng cong 9 hop
neo dé nhan dang ¢ 3 ty 1¢. Chung toi sir dung
6 hop neo cho 2 ty 18. Bé tim ra cac hop neo
nay chung t6i da sir dung giai thuat phan cum
K-Means tao ra 6 hop neo. Sip xép ching
theo chiéu giam kich thudc, gan 3 hop neo
dau cho ty 1& dau va 3 hop neo con lai cho ty
1€ sau.

3.3 Thay déi ham loss

Céc phién ban khac nhau cia YOLOvVI1-3 chi
xac dinh vung box ding la hinh chit nhat
ngang ving logo can dinh vi, nhung trong
thuc té logo xuét hién & nhiéu vj tri chéo. Dé
dinh vi dugc logo xuét hién chéo trong video,
chung t6i d& xudt cach dy bao ving bao 1a tir
giac 10i chira anh logo (hinh 6).
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Nhin danstilé 1 82 n
Budc dich chuyénnhanchap: 32
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Nhin danstile2
Budc dich chuyén nhanchap: 16

@  Ghép lop
@ Cong lop

|:| Lép nhan dang

- —
| Ting kich thuéc Lép
prmne- ; Khéi gidn lwge (residual block): Diu ra coa
H i khoi la két qua nhin chip cac lop trong khoi
Fenerne ¢ sau do cdng v&i 1op dau vao
- Céc 1ép nhin chip

Hinh 5. Kién triic mang

Hinh 6. T gidc 16i bao mét logo xudt hién chéo trong danh.

Qua trinh hoc tham s du béo s& thay cong thirc ham loss (1) boi cong thirc méi sau:

Logg =

JF A
Rz D A (o =) + (b, =0y ) (b, =5 + (b, =)

HE

+(be —be )+ (b, —bs ) + (b, —b: ) + (b, — bajz]

+iiﬂ§?ﬁ:ci—fﬁlz

i iiﬂ;”b‘:[c; - 'fs:': (2)
+Zn PETOEG)

Véi ABCD la tir gidc 16i dwoc danh vi tri nhu sau: A 1 dinh c6 tong toa do x+y nho nhit, C 1a
dinh sao cho doan AC cit doan ndi hai dinh con lai tai diém trong cia doan, B va D 1a 2 dinh con
lai sao cho ABCD thuan chiéu kim dong h.

Céc cai tién nay cho phép nhan dang chinh x4c hon do nhan dang & 2 ty 1¢, dong thoi ciing xac
dinh vi tri ciia logo da dang hon va toc do khong suy giam so véi YOLO.
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4. Thuc nghiém

4.1 FlickrLogos-47

Dé huin luyén va kiém thir mo hinh, ching
toi da sir dung bo dir liéu flickrlogos-47[21]
dugc md rong, diéu chinh tr bo dir lidu
flickrlogos-32 rat phd bién cho bai toan nhan
dang logo. B6 dir liéu flickrlogos-32 nhu tén
goi gdm 32 loai nhén hiéu khac nhau véi tong
8240 anh trong d6 c6 4230 anh huan luyén va
3960 anh kiém thir. Trong mdi tap huan luyén
va kiém thir mdi tap c6 3000 anh nhidu khong
chtra logo. Flickrlogos-47 bd sung thém dit
liéu miu va cai tién tir flickrlogos-32 nham
khéc phuc mot s6 han ché cua tap dir li€u nay.
S6 16p trong flickrlogos-47 dugc nang 1én 47
16p bang cach bo sung thém anh, tach sb 1op
trong flickrlogos-32. Cac nhan hi¢u trong
flickrlogos-32 gom ca biéu twong va ky tu thi
duogc tach thanh 2 16p trong flickrlogos-47.
Mbi anh trong flickrlogos-32 chi chira mot
logo thudc v& mot 16p duy nhit thi trong
flickrlogos-47 trong mot anh c6 thé co nhiéu
bién thé cua mot logo hodc nhiéu loai logo
thudc vé mot 16p hodc nhiéu 16p khac nhau.
Anh nhiéu trong flickrlogos-32 bi loai bo
trong flickrlogos-47. Mot khac nita ctia bd dix
liéu flickrlogos-47 so véi flickrlogos-32 1a su
da dang vé kich thuée, dic biét 1a xuét hién
nhidu anh chtra cac logo nho nhim tao thém
dd kho cho viéc nhén dang.

4.2 Két qud thuc nghiém

Chung t6i thiét 1ap kién trac mang Darknet53
bién thé 94 16p nhu trong hinh 3 trén GPU dé
hudn luyén va thir nghiém cic mé hinh dé
xuit voi tap dir liéu anh huén luyén RGB
flickrlogos-47 nhu da gidi thiéu phan trén sir
dung cong cu python 3.6.5 véi dark flow.

BEBE s

mswn 000002908 smeshd )wJ makd DO0002MEang  DOCOOK (s;.m

701 570 817 684 41 -1
236 273 391 458 41 -1
141 442 213 472 42 -1 02 1

138 215 327 423 42 -1 mask03 0 0

Hinh 7. Anh hudn luyén minh hoa

Tap dit li€u thtr anh chua logorléy tr tap dir
liéu anh Flickrlogos-47, tham s6 thuc nghiém
S chon S=7, B = 2 nhu minh hoa tap anh
trong hinh 7.

Két qua nhan dang mAP véi cac kién trac hoc
sdu tuong ung la:

Bang 1. Két qua dinh vi yd nhan dang voi chi s
mAP ciia cdc kién tric hoc sdu.

Dua trén kién tric Dua trén kién triic
R-CNN YOLO cidi tién

46% 95%

Thoi gian chay cua thuét toan do tim va nhan
dang logo voi cac kién traic R-CNN va
YOLOV3 tuwong tmg v6i ché do vai cdu hinh
CPU va GPU Nvidia 3.5 7GB RAM dugc cho
0 bang 2.
Bang 2. So sanh thoi gian trung binh do tim va
nhan dang logo dwoc cho ¢ bang 2 sau

Céu Dua trén kién Dura trén Kién tric
hinh trdc R-CNN YOLO cii tién
CPU 4,2 giay 0,61 giay
GPU 0.46 gidy 0,067 giay

Dudi day 1a mot vai minh hoa két qua do tim:

YOLO cii tién RCNN

“‘@

——
adldas’

adidas’

Hinh 8. Két qua do tim chinh xdac boi YOLOv3
cho nhirng logo bien dang
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5. Két luan

Nhan dang logo 1a nén tang cho nhiéu linh
vie tng dung. Tuy nhién c6 nhiéu yéu té anh
huéng dén viéc nhan dang nay nhu: logo co
thé xut hién ¢ nhiéu vi tri, ty 1¢ va khung nhin
khac nhau trong anh. Hon nita cac anh c6 thé
bi tac dong boi nhiéu hay cac yéu té khac.
Céch tiép can truyén thdng 14 st dung cic b
do tim va md ta dua trén diém dic trung hodc
sir dung cac mang CNN huén luyén trudc cho
céc Gmg dung cu thé. Giai phap cta chiing t6i
1a cai tién YOLO cho viéc phén loai va nhan
dang logo. Két qua thuc nghiém trén tap dir
liu flickrlogo-47 cho d6 chinh xac cao so voi
FRCNN va YOLO nguyén ban.
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