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Tém tat: Phat hién bd phan cdy tit 4nh 12 buéc ddu tién trong hé thong nhan dang cdy. Cédc nghién citu gin ddy thudng
dua trén gia thuyét rang loai bd phan ciy da dudc xac dinh tif trudc. Pa c6 mot sé6 nghién ciu dude dé xuét cho bai
toan phat hién ty dong bo phan cdy nhung cic phudng phap nay van chi yéu dua trén céc dic trung tu thiét ké. Trong
bai bdo nay, ching t6i dé xuit mot phuong phap phat hién tu dong bo phan ciy sit dung mang no-ron tich chap. Céc
thuc nghiém dudc tién hanh trén tap con cia tap dit liéu PlantClef 2015 d€ ddnh gia hiéu qua ctia phuong phap dé xuét.
Phuong phap dé xuét cai thién dugc 27,44% (d6i v6i trusng hop bay bd phan) va 27,69% (di v6i trudng hop nim bo

phén) tai hang 1 so v6i phuong phép trudc do.

Tt Khéa: Phdt hién bo phdn cdy, nhdn dang cdy, hoc sdu, mang no-ron tich chdp.

Title:
Abstract:

Automatic Plant Organ Detection from Images using Convolutional Neural Networks
Detecting plant organs from multiple organ images is the first step in a plant identification system. The current researches

mainly rely on the assumption that the type of an organ is manually predetermined. Few works have been done on
automatic plant organ detection but they are mainly based on hand-designed features. In this paper, we propose a method
for automatic plant organ detection using the convolutional neural network. Different experiments on a subset of the
PlantClef 2015 have been conducted to evaluate the robustness of the proposed method. The proposed method obtains
27.44% (for seven-organ cases) and 27.69% (for five-organ cases) of improvment in rank-1 over the state-of-the-art work.
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I. GIOI THIEU

Nhin dang thuc vat (loai cdy) st dung anh ctia mot hodc
nhiéu bo phin ciia cdy di va dang nhan dugc su quan tAim
cla cac nha nghién ciu trong cac linh vuc phén loai thuc
vat hoc, da dang sinh hoc, tim kiém da phuong tién, va
thi gidc mdy tinh. O khia canh ciia nha nghién citu thuc
vit, cong cu ty dong phén loai thuc vat st dung anh cac
bd phan cho phép céi thién truy van trong nghién ctiu vé
da dang sinh hoc, cin biang hé sinh thai, kham pha dugc
pham, nhién liéu, v.v. Ddi véi ngudi dan, hang ngay, mbi
ngudi ching ta tiép xtdc véi rit nhiéu cdy, c6 nhiéu ciy gip
di gip lai nhiéu l1an, nhung su hiéu biét vé ciy con han
ché. Mot cong cu tu dong nhan biét ciy trg gitp cung cip
cdc thong tin nhu dic diém sinh ho va, cong dung la rat
c6 ich. Trong nghién ctu nay, ching t6i tap trung vao bai
toan phan loai bd phin cdy tu hinh anh. Viéc phan loai
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bd phan ciy tu dong ndy sé trg gitip hoan thién hé théng
tu dong nhan dang cdy dua trén anh nhiéu bo phan cé do
chinh xdc cao.

Mot sb hé théng da dudc trién khai va st dung rong
rai nhu hé théng Pl@ntnet [1], Leafsnap [2], MOSIR [3].
Trong cac bd phén cua ciy, 1a 1a bd phan thuong dugc su
dung d€ nhan dang do bd phin nay dé thu thip trong ci
nim va thudng cé cu tric phang [4, 5]. Sau 14, hoa ciing
duge st dung dé€ nhin dang cédc lodi do khi ning phan
biét cao. Tuy nhién hoa chi nd theo mua, ton tai trong thdi
gian ngin va c6 ciu triic ba chiéu [6]. Ngoai 14 va hoa,
cac bd phan khac nhu qua, than hay toan b ciy cling dugc
st dung. Viéc st dung mot bo phan thuong khong day du
thong tin d&€ nhan dang mot loai do sy tucng tu 16n gitia
cac loai khac nhau va sy khac biét gitta cac anh cung mot
bd phén cda cung mot loai.
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Than

Hinh 1. Mot sb anh va tén bo phin clia ciy trong PlantClef
2015 [9].

La hay canh hay qua L4 hay canh hay

thin hay hoa

Hinh 2. Cic 4nh gdy nham l4n giita cic bo phan. Chit ddm bén
duéi hinh 12 tén ctia bo phan dudc cung cip bdi PlantClef 2015 [9].

Ciéc nghién ctiu gan diy huéng t6i viéc nhan dang ciy
dua trén nhiéu bd phan clia ciy [7, 8]. C6 bay bd phan
dugc quan tam: 14 (anh 14 trén nén phic tap hodc chup trén
cdy), 1a trén nén don gidn (dnh 14 dudc tich khéi cdy va
chup trén nén déng nhét), hoa, qud, than, canh va toan bd
cay. Cac két qua da chi ra ring viéc két hop nhiéu bd phan
cho phép nang cao d6 chinh xac cia cac phuong phap nhan
dang cdy dua trén hinh anh [7, 8]. Tuy nhién, cdc nghién
ctiu hién tai thuong dua trén gia thuyét 1a ki€u bo phan cla
cdy da dudc xac dinh tu trude - dya trén viéc gan nhan thu
cong. Pay 1a cong viéc rat tén thoi gian, dic biét 1a khi sd
lugng anh nhiéu. Trong bai bdo nay ching t6i dé xuit mot
phuong phap cho phép phat hién ty dong bd phén cda ciy
dua trén anh chup.

Nhan dang tu dong bd phan gip nhiéu thich thic do cic
bd phan c6 thé bi nhan nham 14n nhau, dic biét véi cac
4nh dugc chup trén nén phiic tap. Ngoai ra, trong mot anh
6 thé c6 nhiéu bd phan khac nhau, giy nén su khé khin
trong viéc quyét dinh anh thudc bd phan nio. Hinh 1 minh
hoa mot s 4nh clia bay bd phan trong PlantClef 2015 [9].
Hinh 2 minh hoa mét s6 trudng hop khé do cé nhiéu bd
phan trén cing mot anh.

D€ gidi quyét cho nhiing thich thiic trén, hudng nghién
clu trong bai bdo 13 tim cdch thé hién hiéu qua cic dic
trung cua cac bd phan, trong d6 cac dac trung duge hoc tu
chinh dit liéu ctia 4nh bo phan ciy. Gan day, cdc mang no-
ron tich chdp (CNN: Convolutional neural network) [10, 11]
da ching t6 hiéu qua trong viéc hoc cac dic trung (truc
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quan) thdng qua ddp ting ctia cic bo loc & rat nhiéu miic
ngli nghia khac nhau. Viéc van dung cac mang CNN da
thanh cong & cac bai toan phén loai dnh (Imagenet) [10],
nhan dang sb/chit viét [12]... Trong nghién cdu nay, céc
mang CNN sé dugc lam thich nghi va cac dac trung trich
chon tf mang CNN sé dudc danh gid cho bai toan nhan
dang b0 phan cay.

DPéng gbp chinh clia bai bdo 1a d& xuit mot phuong phap
phat hién tuv dong cac bd phin dua trén mang nd-ron tich
chap. Phuong phap nay dugc danh gia thi nghiém trén co
sG dit liéu PlantClef 2015 [9]. Cac phuong phap dya trén
mang nd-ron tich chip thuong thuc hién theo hai céach:
(1) st dung dic trung va bo phan 16p mic dinh & 16p két
ndi dy di; (2) trich chon dic trung trudc 16p cudi va dua
vao mot bo phan 16p. Trong nghién ctiu nay, ching toi thuc
hién danh gi4 va so sanh hai cich tiép can trén nhim xac
dinh bd phan 16p t6t nhit. Ngoai ra, chiing tdi ciing thuc
hién danh gia va hién thi truc quan ba cAu hinh mang n&i
tiéng (AlexNet, GoogLeNet va VGG [10, 13]), ciing nhu
hai chién lugc khéi tao trong sd (ngdu nhién, huin luyén
tif mot cd s dit liéu 16n hon). Nham lam 16 hiéu qua cta
phuong phdp dé xuét, ching toi thuc hién cai dit so sinh
két qua phat hién bo phan cta phuong phap dé xuit véi
phuong phdp da c6 truéc d6 dua trén dic trung dugc thiét
ké ti trudc 1a dic trung GIST, va bd phan 16p véc-to may
hd trg (SVM: Support vector machine) [2, 14]. Ma ngudn
clia cic phuong phdp dudc cung cAp mién phi cho cong
ddng nghién citu!. Cubi cung, cic két qua nghién citu cho
phép dua ra goi y vé s6 bd phan can sit dung khi xiy dung
co sG dit liéu anh cho bai toan nhin dang tu dong cay.

II. NGHIEN CUU LIEN QUAN

Hién nay, cic cd s6 dit liéu ciy thudng dua trén gia thuyét
la ciac bd phin cia ciy da dugc xac dinh tu true. Viéc
x4c dinh bd phéan ciia cdy thudng thuc hién bang phuong
phdp thi cong, nghia la ngudi dung chi ra loai bd phin
clia ciy c6 trong anh. Viéc nay doi hoi nhiéu cong stic va
phu thudc vao chii quan cia ngudi dung. Co sé di liéu
PlantClef tit nam 2015 [9] chda di liéu anh cac b phan
cua cly véi thong tin b phan dugc xac dinh dua trén viéc
gén nhin thi cong bdi ngudi ding. Véi mdi 4nh, ngudi
diing s& Iua chon mot trong bay bd phan. Hé thong tra ciiu
cdy Pl@ntnet [1] 12 dng dung dau tién nhan dang ciy dua
trén nhiéu anh bd phan. Tuy nhién, khi ngudi dung dua mot
4nh truy vAn thi hé thdng yéu ciu chi o tén bo phan c6
trong &nh truy van [1].

Nham giam thiéu yéu cdu dbi véi ngusi dung, mot sb
nghién cttu cho phép phat hién tu dong bd phan dua trén
hinh 4nh da dugc dé xuit [2, 14, 15]. Trong [15], cic tic

Uhttp://www.mica.edu.vn/perso/Le-Thi-Lan/plant-organ-detection.html.



gia dé xuit st dung GIST nhu mot bd md ta cic dic trung
va bd phan 16p k lang giéng gan nhit (k-NN: k-nearest
neighbors) dé xdc dinh bd phan 14 & trong &nh. Céc tdc gia
thuc hién ddnh gi4 trén co s6 dit liéu Flavia [16] gom 32 16p
va dat dugc do chinh xac 95%. Trong [2] va [14], céc tac gia
cling dé xuét st dung bo mo ta GIST, nhung thay vi st dung
thuat todn k-NN, SVM dugc dé xuit st dung d& xac dinh
bd phan 1a & trong anh. Phuong phap trinh bay trong [2]
dudc danh gia trén co s& dif liéu Leafsnap [17] gom 5.972
4nh v6i do chinh xdc 62,9%. Két qua phan 16p trong [14]
dat do chinh xac 98,67% trén cd sé dit liéu dugc xay dung
tir hé thdng Leafsnap két hop vé6i cong cu tim kiém Google
va tu thu thap. Cic phuong phap dé xuét trong [2, 14] dat
dugc két qua cao trén co dit liéu thit nghiém. Tuy nhién,
cac phuong phap [2, 14] chi nhdm xic dinh mot bd phan
duy nhat (1 cdy) c6 trong anh hay khong (phan 16p nhi
phan) ma chua quan tim dén phan 16p nhiéu b phan khac
nhau (phan 16p nhiéu 16p). Ngoai ra, cdc anh trong cic co
sG di liéu thi nghiém trong [2, 14] la cac anh 14 ciy chup
trén nén don gian. Theo hi€u biét clia ching toi, chua cé
nghién ctiu ndo vé bai toan xic dinh nhiéu bd phan ctia ciy
va thuc hién trén céc co s dit liéu da dang va phc tap.

Trong nhiing nim gan day, phuong phdp hoc sau phat
trién rat nhanh dua trén lugng dif liéu huin luyén 16n va
kha ndng tinh todn ngay cang manh cda cac mdy tinh. Trong
linh vuc thi gidc mdy tinh, mang nd-ron tich chdp véi kha
nang tu hoc cac dic trung da ching minh hiéu qua trong
cdc bai todn phat hién va phan loai dbi tugng [18], v6i mot
s6 mang ndi tiéng nhu AlexNet, VGG, GooglLeNet. Cic
mang nd-ron tich chip nay ciing da dudc ap dung cho bai
todn nhan dang cdy, dac biét trong cudc thi PlantClef tu
ndm 2014 dén nam 2017, va cho cdc két qua rét tét so
v6i cac phuong phap truyén théng sit dung cc dic trung
dugc thiét k& t truée [7, 19, 20]. Tuy nhién theo hiéu
biét ctia chiing tdi, chua c6 mdt nghién ctu nao 4p dung
mang no-ron tich chiap cho bai toan phat hién by phan
ciy ciing nhu so sanh danh gid giita cach tiép cin truyén
théng (dua trén trich chon dic trung thiét ké) va phuong
phép dua trén cach tiép can hoc sau. Do vay trong bai bao
ndy, ching toi trién khai phuong phdp phat hién tu dong
cac bo phan cia cdy dua trén mang nd-ron tich chip. Cac
két qua thit nghiém trén co sé dit liéu gdm 235 loai tir
PlantClef 2015 dugc so sanh véi [2, 14] ching té hiéu qua
ctia phuong phap dé xuat. Ngoai ra, cic phuong phip gan
day tap trung nang cao dd chinh xic nhan dang st dung
anh cta cy thuong mac dinh st dung nhan cic bd phan
dugc phan loai true (théi cong) [1, 7, 20]. Céch tiép cin
trong bai bdo md ra hudng giai quyét cho bai toan phin
loai ty dong hoan toan tir qua trinh xac dinh cic bd phan,
dén qua trinh nhan dang cubi ciing.
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Trich chon déc trung B¢ phan 16p
Mang noron
. tich chap
Céc anh - N B6 phén
dau vao Phwrong phap dé xuat du doan

GIST

Phuong phap [2], [13]

Hinh 3. Phuong phap dé xuét va su so sanh tuong ting véi phuong
phap [2, 14].

III. PHUONG PHAP PE XUAT

Bai toan xdc dinh ty dong cic bo phan la bai toan xac
dinh mot 4nh x thudc vao mot trong C bo phan. C gdom
bay bd phan nhu trong dinh nghia cda PlantClef. Hinh 3
minh hoa phuong phap dé xuét va so sanh tuong ng gitta
phuong phdp dé xuét va phuong phéap [2, 14]. Ti 4nh dau
vao, 4p dung mang no-ron tich chap dé xuét d€ trich ra véc
td ddc trung, sau dé dua vao cac bd phan 16p khac nhau.

V6i bai toan phéan loai cdc bd phin cla ciy, hién chua
c6 nghién ctiu nao dé xuit st dung mang no-ron tich chap,
bdi vay trong bai bo nay chiing toi dé xuét sit dung mang
GoogLeNet do céc két qui 4n tugng clia mang nay cho cdc
bai todn phan 16p ddi tugng. Mang GoogLeNet do Szegedy
va cdc cong su dé xuét [13] da ding vi tri thi nhat cda
cudc thi nhin dang hinh anh quy mé 16n (ILSVRC) trong
nim 2014, tit d6 dén nay mang nay da dudc st dung nhiéu
cho cdc bai toan phat hién va nhan dang. GoogLeNet la
kién tric dau tién gidi thiéu md dun inception, cho phép
lam giam mot sb lugng 16n cac tham sé huén luyén trong
mang. Mé dun inception st dung viéc két hop song song
cac 16p nhan chap (Convolution) 1 X 1, 3 X 3, 5 X 5 véi
céc 16p giam chiéu (Pooling). Kién tric ny con dudc goi
la mang trong mang. Kién triic GoogLeNet 12 mang siu
véi 22 16p khi chi tinh cic 16p c6 chita tham s6, 16p trén
cung 1a ham phén 16p Softmax. Mang GoogLeNet st dung
kién tric siu hon va rong hon so véi nhiéu mang no-ron
tich chap khac nhu AlexNet, VGG. Kién tric thong thudng
clia mdt mang no-ron tich chap thudng bao gdm nhiéu 16p
theo céu tric (mot vai 16p nhan chap theo sau 1a 16p gidm
chidu) sau cuing 1a cdc 16p két ndi diy dd. Hinh 4 chi ra
kién triic ctia mang GoogLeNet v6i chin mo dun inception
va s6 dau ra tuong dng cia mdi 16p. Trong d6, ky hiéu C;,
P;, I;j, D, L va § dudc st dung véi y nghia nhu sau: C,
P, I, D, L va S la viét tit tuong Gng cda 16p nhan chép,
16p giam chiéu, md dun Inception, 16p Dropout, 16p Linear,
16p Softmax, i = {1,2,3,4,5} 1a chi muc ctua 16p dang xét,
Jj ={a,b,c,d, e} 1a chi muc cia caic mo dun Inception khac
nhau trong cling mot 16p. Pau ra ctia cic 16p nhan chap va
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I3a I3b
Cl1

256 480

ll C: Convolution
l P: Pooling

Ida I4b T4c I4d Ide

PI 2 m 3 P4 PS5 D L S
42U 6 64 102 192 480 832 1024 1024 1000 1000

512 512 512 528 832

I5a ISb

83z 1024

I=°B{) phén 1op phu tro

B6 phin 16p phu tro
0 I: Inception B L: Linear
[ D: Dropout il 5: Softmax

Hinh 4. Kién tric ctia mang GoogLeNet [13] v6i sb du ra ctia mbi 16p dugc thé hién dudi mdi 16p

16p giam chiéu 1a cac véc to dic trung. Cac dic trung thu
dudc & céac 16p sau thi cang tritu tugng hon cac déc trung
thu dudc 6 16p trude. Trong budc nay ching tdi s€ trich rut
dic trung sau 16p PS5, 1a 16p gidam chiéu trung binh c6 tén
1a pool5/7x 7_s1, & dau ra tai 16p nay thu dudc véc to 1024
chiéu. Lép nay trich riit dudc cdc dic trung miic cao nhét
cia anh va cung cip cédc thong tin md ta tot nhat vé céc
dbi tugng trong anh. Cach tinh s chiéu véc to dic trung
thu dudc & 16p nay nhu sau: cho dnh du vao c6 kich thudc
224x224, khi di qua cdc 16p, do phu thudc vao s6 bo loc,
kich thuéc bo loc, cac tham sb dich chuyén bo loc ctia mbi
16p, sé thu dudc cac véc to dic trung dau ra c6 sd chiéu
nhu sau:

Input_image — C1 — 112x112x 64 — Pl —

56 xX56%x64 - C2 —56%x56%x192 - P2 —

28 x 28 X 192 — [3a — 28 x 28 X 256 — [3b —

28 x 28 x480 — P3 — 14 x 14 x 480 — [4a —

14x14x512 > I4b — 14 x 14 X 512 — [4¢c —

14%x14x512 - I4d — 14 X 14 X 528 — [4e —

14x14x832 — P4 — T7x7x%x832 — [5a —

TX7Tx832— I5h— 7x7x1024 — P5

— 1x1x1024

Mic du viéc st dung cac mang CNN ngay cang phd
bién va dat hiéu qua cao trong cic bai todn phéan loai 4nh,
han ché ctia viéc sit dung mang CNN dbi véi mot vin dé
nhan dang mdi 1a: (1) co s& dit liéu huén luyén thuong phai
16n d€ hoc cac dic trung & nhiéu 16p (layer) ctia mang; (2)
Viéc huén luyén mé hinh mét nhiéu thoi gian. P& gidi quyét
van dé nay, k¥ thuat hoc chuyén giao (transfer learning) sé
dudc van dung. Theo k¥ thuét nay, mot mang CNN da dugc
hun luyén tir trudc dé gidi quyét bai todn phan 16p trén
bd co sd dit liéu du 16n va da dang. Trong nghién ctiu nay,
chiing t6i st dung mang GoogLeNet di dugc huin luyén
trén bo cd sG dit liéu Imagenet chia 1,2 tri€éu anh véi 1000
16p [21]. Bo tham sb ctia mang nay di dudc tich hop trong
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bd cong cu thu vién sit dung (Caffe Library [22]). Can chii
y 1a mang nay khong dugc st dung truc tiép vé6i bai todn
phan 16p bay bd phan ciy trong nghién cdu. Thay vi do,
bd tham s6 sé dudc st dung d€ khdi tao mang; sau d6 sé
dugc tinh chinh trén bd co s dit liéu lam viéc. DE thiy
1o vai tro cta viéc khdi tao trong s6, chiing tdi thuc hién
thém thtr nghiém va so sanh d6 chinh xdc trén cing mot
cAu hinh mang véi viéc khdi tao trong s6 ngiu nhién va
trong s6 khdi tao dua trén co s dif liéu ImageNet.

Nhim ting su da dang cla dif liéu, ching t6i thuc hién
md rong dif liéu trong qud trinh huén luyén bang phép liy
guong, diéu chinh kich thuéc ctia anh vé 240x240, sau d6
xén ngiu nhién d€ dua vé kich thudc 224x224. Viéc md
rong dii liéu duge ap dung d€ lam gidm co hoi hoc qud
khdp trong qua trinh huén luyén va cai thién két qua phan
loai trong qua trinh kiém thd. D€ lam rdé uu diém cia kién
tric mang GoogLeNet, chiing t6i da thuc hién thém thuc
nghiém so sdnh GoogLeNet v6i hai mang dién hinh khéc
la AlexNet va VGG-16.

IV. KET QUA THUC NGHIEM

Ching t6i thyc hién thuyc nghiém trén co sé di liéu
PlantClef 2015 [9]. Dif liéu nay chita 1000 loai, mi 4nh s&
thuoc vé mot trong bay bd phan: 14, 14 trén nén don gian,
hoa, qua, canh, thin, toan bd cdy. Tuy nhién khong phai
loai nao ciing ¢ céc anh cla diy di ca bay bo phan trén.
Vi viy d€ phuc vu viéc phan loai cdc bd phan, ching toi
da loc ra tif co s& dif liéu nay nhiing lodi c6 day di ca bay
bd phan, két qua thu dugc 235 loai (Bang I).

Chuing t6i cai dit GoogLeNet st dung Caffe [22], mot
nén tang cho cic phuong phdp hoc siu, véi cic trong sb
tién huin luyén thu dugc tir Caffe Model Zoo hoc dudc ti
co s6 dit liéu Imagenet. Cac thuc nghiém dudc tién hanh
trén may chu dudc trang bi 11 GB GPU.



Bang I
THONG TIN CO SO DU LIEU THUC NGHIEM

Tén bd phan Tap huén luyén Tap kiém thix
La (Leaf) 7.666 1.589
L4 trén nén don gin 11.365 209
(Leafscan)

Hoa (Flower) 8.035 1.970
Qua (Fruit) 4.022 835
Than (Stem) 3.693 434
Canh (Branch) 3.643 955
Anh toan bo cy 3.493 1.280
(Entire)

Téng 41917 7.272

D€ danh gia cic két qui thuc nghiém ching t6i st dung
dd do do chinh xdc AcCpnkx tai hang thd k, dugc dinh

nghia nhu sau:

Trank-k
ACCrankk = T >

trong d6 Trankx 12 s6 két qua phat hién ding & k vi tri dau
tién trong két qua trad vé, N 1a tdng sb cdc anh truy vAn.
Cac nghién ciiu trude d6 thuong danh gia do chinh xac &
hang 1 (k = 1). Trong nghién citu nay, chiing tdi thiy ring,
v6i cac anh phuc tap, thay vi viéc dua ra mot bd phan duy
nhét, hé thdng c6 thé xem xét d€ dua ra hai bo phan ton tai
trong anh. Do d6, ching t6i thuc hién danh gid hé théng &
ca hai hang: hang 1 (k = 1) va hang 2 (k = 2). Ching t6i
da thyc hién bdn thuc nghiém va dat dudc cac két qua nhu
trinh bay duéi day.

ey

1. Thuc nghiém 1

Thuc hién phan loai bdy bd phan theo mang Googlenet.
Cic tham s6 dugc st dung nhu sau: kich thuée bé = 32;
tbc do hoc = 0,0001. Trong thuc nghiém 1, ching tdi st
dung bd phan 16p mac dinh trong mang nd-ron tich chap
(bd phan 16p Softmax). Két qua dat do chinh xdc tai hang
1 va hang 2 lan ludt 1a 82,60% va 93,45%. Két qua nhan
dang nay 1a kha cao khi s& phan 16p & ddy la bay, trong d6
c6 sau bd phan chii yéu cé nén phic tap. Diéu nay chiing to
ky thuat hoc sau c6 kha ning hoc tbt v6i cac anh tu nhién.

Bang II trinh bay két qua tuong ting vdi hai chién lugc
khéi tao trong s6: ngdu nhién va st dung bd trong s6 da
tién huin luyén trén ImageNet. Két qua cho thiy, khi st
dung bd trong sb da huin luyén trén mot co s& dif liéu 16n
hon 1a ImageNet, do chinh xdc ting thém 6,65% & hang 1
va 4,77% & hang 2.

Bang III thé hién ma trin nham 14n (confusion matrix)
tinh theo phan trim. Cic bd phan cho hiéu qua phat hién
tu cao xuéng thﬁp l1a than (92,4%), hoa (91,62%), 1a trén
nén don gidn (89,0%), 14 (87,35%), anh toan bd (84,3%),
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Bang II
SO SANH VIEC AP DUNG MANG GOOGLENET DUA
TREN BO TRONG SO KHOI TAO NGAU NHIEN VA BO
TRONG SO TIEN HUAN LUYEN TREN IMAGENET

Chién lugc khéi tao trong s6 AcCrank-1 | ACCrank2
Khéi tao ngﬁu nhién 74,05% 88,68%
Tién huén luyén trén ImageNet | 82,60% 93,45%

qua (74,97%), canh (54,66%). Hinh 5 minh hoa mot s6 vi
du v& cdc trudng hop nhin dang nham giita cidc bo phan
khac nhau. Tir viéc phén tich cac két qua thu dudc, cho thiy
mot s6 14 trén nén don gian c6 thé bi nhan nhim sang 14
trong mot sb trudng hop nén khong phai 1a mau trang. La
bi nhan nham thanh than trong mot sb trudng hop khi chup
4nh 14 v6i cu ly qud gan, do hé théng nhan nham gan 14 véi
than. Anh hoa bi nhan nhim sang 14 trong trudng hop nu
hoa thon dai, anh c6 chita 14 dai cia hoa, anh chup & cu ly
xa, hoa nhd trong khi 4nh 14 lai to; hoa bi nhan nham sang
quéa khi nu hoa c6 hinh dang rit gibng qua. Anh qui bi
nhin nhim sang hoa thudng 1a véi cic anh qua dang chum
va d6i xing gidng hoa. Anh than bi nhan nhim sang mot
s6 bo phan khic nhu 14, hoa va qua thudng 14 nhitng dnh
chup c6 than nhd, mau xanh, gin kém trén d6 14, hoa hay
qua. Than 12 bd phin c6 kha ning phan biét cao nhét do
4nh than c6 cac dic trung két cAu, mau sic rit d& phan biét
v6i cdc bd phan khac va anh chyp thuong la khong chita
bd phan khéc, dbi tugng than thuong chiém hét khong gian
4nh. Canh c6 két qua phan loai thip nhét, 1a bd phan dé
gdy nhap nhiang nhit di véi cac anh bd phan khic vi dnh
canh thudng c6 chda ca 14, hoa, qua va than.

Két qua nhan nham ciing xuét phat tif sy nhip nhing va
d6 chinh xéc trong két qua xac dinh bd phan thii cong dugc
cung cép trong PlantClef2015.

D€ 1am 16 hiéu qua ctia cAu hinh mang lya chon, chiing
t6i da thuc hién so sanh két qua phat hién bd phan véi ba
cAu hinh mang AlexNet, VGG-16 va GoogLeNet. Cic do
chinh xac § hang 1 1a 81,19% cho AlexNet, 77,19% cho
VGG-16, va 82,6% cho GoogLeNet. Mang GoogLeNet cho
két qua t6t nhit do mang nay c6 kién tric sau hon, rong
hon ciac mang AlexNet va VGG-16.

Ngoai ra, d€ hién thi triuc quan quyét dinh nhan dang ctia
cdc mang, ching t6i 4p dung phuong phap biéu dién trong
bai bdo [23]. Hinh 6 chi ra cdc két qui clia 3 mang khac
trén 2 anh dau vao, ving mau d6 thé hién ving du dodn
tin cy, trong khi ving mau xanh th& hién ving du dodn
khong tin cdy. Két qua cho thiy AlexNet va GoogLeNet
thé hién rat ro cac ving du dodn & phan trung tim ctia d6i
tugng, trong khi VGG lai khong tip trung vao trung tim
ctia dbi tugng ma rai ric & nhiéu phan quanh déi tugng, va
quan tdim dén ving nén cta ddi tuong.
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\ Bang III
MA TRAN NHAM LAN PHAT HIEN BAY BO PHAN
Du béo
L4 nén don gian La Hoa Qua | Than | Canh | Toan bd
L4 nén don gian 89,0 8,61 0,0 0,96 0,48 0,96 0,0
La 0,88 87,35 1,01 1,57 0,44 7,43 1,32
Hoa 0,0 0,36 91,62 2,34 0,1 3,65 1,93
Nhén ding | Qua 0,36 1,68 | 10,54 | 74,97 | 06 10,3 1,56
Than 0,0 0,46 0,46 1,15 92,4 2,53 3,0
Canh 0,73 10,79 | 11,52 5,97 0,73 54,66 15,6
Toan bd 0,0 3,2 2,73 0,78 0,39 8,59 84,3

Hinh 5. Mbt s6 vi du minh hoa vé cdc trudng hgp nhan dang nhim giita cic bd phan khac nhau.

VGG GoogLeNet

Hinh 6. So sinh tryc quan cdc du bdo cda cédc kién tric mang
khac nhau: AlexNet, GoogLeNet va VGG-16. Vung tin ciy cho
du doan dugc hién thi bing mau do, ving du doan khong tin cdy
¢6 mau xanh.
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2. Thuc nghiém 2

V6i muc dich danh gia cac bd phan 16p khac nhau trén
cung bd déc trung dugc trich rat t mang nd-ron tich chép,
chiing téi trich it 16p dic trung cubi cing trudc 16p két
ndi diy di va cho qua cdc bd phan 16p khac nhau: ling
giéng gin nhit (NNB: Nearest neighbors), mdy véc to hd
trg tuyén tinh (L_SVM: Linear SVM), mdy véc td hd trg
phi tuyén st dung nhian RBF (SVM_RBF), ciy quyét dinh
(DT: Decision tree), ritng ngiu nhién (RF: Random forest),
mang no-ron (NN: Neural network), Bayes tho (NB: Naive
Bayes), phan tich khac biét ciu phuong (QDA: Quadratic
discriminant analysis) d€ so sanh véi bo phéan 16p Softmax
(SM) ctia mang GoogLeNet. Cac bd phan 16p nay dugc xét
cho bay bo phén.
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Hinh 7. B¢ chinh xac phét hién cac bo phin & hang 1 véi cac bo
phan 16p khac nhau.

Hinh 7 chi ra két qué trén cic bd phan 16p khic nhau,
cic két qua dudc xép 1an luot tlf cao xudng thap nhu sau:
SM (82,6%), SVM_RBF (82,52%), NN (82,22%), L_SVM
(81,99%), QDA (80,56%), NB (79,91%), NNB (78,7%),
RF (68,84%), DT (68,8%), AB (60,66%). Bo phan 16p SM
ctia chinh mang GoogLeNet cho két qua t6t nhét 1a 82,6%
dbi v6i bai toan phan loai bdy bd phan clia ciy, cic dic
trung nay la phu hgp v6i bd phan 16p Softmax. B phan
16p mdy véc to hd trg phi tuyén st dung nhan RBF, mang
no-ron va bo phan 16p mdy véc to hd tr¢ tuyén tinh cho
cic két qua kha gan vé6i bd phan 16p Softmax.

3. Thuc nghiém 3

Céc két qua phan tich & thuc nghiém 1 cho thdy, viéc
phan chia thanh bay bd phéin 1a khong hgp ly do ¢ su
tuong tu va nhdp nhing trong viéc xdc dinh cic by phan
¢6 trong mot anh. Chiing t6i dé xuét mot tip gdm nim bd
phan thay vi bdy bd phan bing cich nhém cic bd phan
tuong tu nhau. Ndm bd phén dudc quan tam la: 14 (bao
gdm 14 chup trén cdc loai nén khéac nhau), hoa, qua, than
va toan b (bao gdm anh toan bd cdy va canh ciy). Ching
t6i danh gia phuong phap dé xuét trén nim bd phan nay. Do
chinh x4c thu dudc & hang 1 va hang 2 1an lugt 1a 86,62%
va 97,08%.

4. Thuc nghiém 4

Pé so sanh giita phuong phdp hoc sau véi phuong phap
dé xuit trong [2, 14], chiing t6i cai dit va thi nghiém lai
cac phuong phap nay trén cung cd sé di liéu thd nghiém.
Tir mot anh dau vao, dic trung GIST gdm 512 chiéu sé dudc
trich rit. Sau d6, bd phan 16p mdy véc to hd trg (SVM)
dugc ap dung. Két qua dat dugc do chinh xac 55, 16%, thap
hon 27,44% so véi viéc ap dung mang Googlenet véi bo
phan 16p Softmax, va thip hon tit ci cac bo phan 16p khac
& thuc nghiém 2. Piéu nay cho thiy phuong phéap hoc siu
hiéu qua hon nhiéu so véi cach tiép can truyén théng cho
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Hinh 8. So sdnh két qui ctia phuong phap d& xuit va phuong phap
trong [2, 14] trén nam bd phan.

bai toan phat hién cac bo ctia phan cdy, dac biét 1a khi anh
thu dudc trong cac diéu kién phic tap.

Chiing t6i ciing 4p dung cdch lam nay d6i v6i nim bo
phan nhu & thuc nghiém 3, két qua dat do chinh xac 1a
58,93%, thip hon so véi phuong phap dé xuit (86,62%).
Hinh 8 thé hién so sinh két qua ctia phuong phap dé xuit
va phuong phap [2, 14] cho tung bd phén. Cac bo phan 14,
hoa, than va qué sit dung mang GoogLeNet cho két qui cao
hon han véi phuong phap st dung GIST va SVM [2, 14].
Phuong phap [2, 14] dat dd chinh xac 0,67% cho bd phan
qua do qua chiém mot vi tri nhd trong anh trong khi dic
trung GIST 1a dic trung toan cuc. Mot diém thd vi 1a d6i
v6i anh toan b ciy thi phuong phéap [2, 14] cho két qua
cao hon phuong phap dé xuét 1,81% do 4nh toan bo ciy
thuong chiém khong gian toan bo anh, mau sic trong anh
chd yéu 12 mau xanh. DPic trung GIST c6 khé ning trich
chon dic diém do6 va phan biét anh toan bd cay.

V. KET LUAN

Bai bdo nay da dé xuét st dung mang no-ron tich chip
GoogLeNet cho viéc phat hién cac bo phan cia ciy v6i do
chinh xac theo hang 1 va hang 2 lan luot 1a 82,6%, 93,45%
dbi véi trusng hop bay bd phan, va lan luct 1a 86,62% va
97,08% db6i vé6i trudng hop nim bd phan. Cac két qua cho
thiy phuong phdp dé xut cai thién do chinh xic & hang 1
so v6i phuong phap G [2, 14] la 27,44% cho bdy bd phan
va 27,69% cho nim bd phan. Cic két qua trong cic thuc
nghiém ciing cho thdy vai trd ctia viéc khdi tao trong sd
cla cdc mang, cling nhu hiéu qué ciia mang GoogLeNet so
v6i mang VGG-16 va AlexNet cho bai toan nhin dang cac
bd phan. Ngoai ra, cic két qua hién thi cho phép gidi thich
tudng minh cac két ludn nhin dang clia cic mang. Cac két
qua thii nghiém trong bai bdo gitip dua ra goi y vé viéc lua
chon s6 bo phan cila ciy trong qud trinh xdy dung co sé
di liéu hinh anh phuc vu cho bai toan nhin dang tu dong
ciy ti hinh anh.
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Trong tuong lai ching toi sé tiép tuc nghién ciu dé cai
tién két quéa phat hién tu dong cac bd phan theo hudng két
hodp cd mang no-ron va cic dic trung thiét ké trudc, dong
thdi thuc hién dy bdo nhan cia loai dya trén bd phan cay
da phat hién dugc.
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