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TOM TAT — Bai viét nay dé xuat mét giai phap trong nhdn dang bénh hgi trén l0a thong qua anh chup tir thiét bi di dong. Anh dau
vdo duwgc tién xit Iy va rat trich dic trung SIFT sau do duoc phan 16p bang md hinh méy hoc SVM. Bai V|et tdp trung nghién cizu trén 4
logi bénh hai trén cay lda phé bién nhat ¢ Viet Nam 1a bénh chdy bia I4, chéy la (dao on), bénh dém van va bénh vang 14 véi téng sé
hinh dnh diroc thu thdp 1a 1446. Két qua kiém the tir tdp anh thu thdp tir thuc té cho thay do chinh xac dat 79,63%. Gidi phap nay la
tién d@é dé xay dung ing dung trén thiét bi di déng phuc v ndng nghiép théng minh nhdm giiip nguedi néng déan xdc dinh sém bénh hai
IGa va phong trer bénh kip thoi.

Tir khoa— Nhdn dgng bénh trén l0a, #ng dung di dong, dac trung SIFT, may hoc SVM.

I. GIOI THIEU

Viét Nam 1a mot trong nhitng nude c6 nhidu ngudi dan 1am nghé trdng trot, didc biét 1a viéc tréng laa, chiém gin
72% luc lugng lao dong ca nude. Trong d6 Dong bing song Curu Long (DBSCL) chiém khoang 52% tong san luong lua
cua cd nudce, hang nam dong gop trén 90% san lugng gao xuit khau. San xuét la 6 vai tro dic biét quan trong trong viée
dam bdo an ninh luong thuc quoc gia va gop phan tich cyc trong xuét khau. Tuy nhién, dé duy tri sy tang truong on dinh
trong san xuét lua gao & nudc ta, can co nhiing giai phap bén ving. Nhirng ndm qua, do anh huéng cua bién ddi khi hau va
mdi trueong da gay ra nhimg de doa 16n dbi v6i san xudt Ita bén ving, nhét 12 sy bung phat cua cac loai bénh hai lta va con
trung hai lua. Theo sb liéu thong ké cia B Nong nghiép va Phat trién nong thon vé tinh hinh dich hai trén ciy lta nhirng
thang dau nam 2016 tai PBSCL nhu: Bénh bac 14 (chay bia 1a), Bénh dao 6n (chdy 1), Sau duc than, Vang I4,... vGi tong
dién tich nhiém gan 37,036 ha.

Viéc phat hién kip thoi tinh hinh dich hai trong san xudt lia 1a rat quan trong va la nhu cau cdp thiét, tuy vy, dé
thuce hién duoc viéc nay doi hoi nong dan can dwoc trang bi ky thudt cong nghé cao.

Thuec té, phan 16n néng dén lai chua dugc hd tro nhitng tng dung/ky thudt cong nghé cao dé c6 thé phat hién sém
dich bénh nhdm diéu tri kip thoi. Hién tai, thiét bi di dong thong minh (smart mobile devices) dang rit phd bién, ré tién va
d& sir dung d6i voi phan 16n nguoi ding, trong d6 co nong dan. Chinh vi vay viéc xdy dung cac ing dung c6 kha ning
nhan dang/phat hién va phan loai bénh hai trén lta tir anh chup cua thiét bi di dong 1a rat thiét thyc va kha thi.

Bai viét nay dé xuét giai phap XAy dung hé thong nhin dang bénh trén cdy l0a théng qua anh chup tir thiét
bi di ddng, trudc mat thir nghiém trén cac thiét bi chay trén hé diéu hanh Android do tinh phd bién cua né ciing nhur gia
thanh phu hop v6i phan 16n nong dan. Tir anh chup dau vao, hé théng tién hanh trich chon dic trung anh (nhu dic trung
SIFT) sau d6 dua vao mo hinh phan 16p (nhu méay hoc SVM) dé phan 16p/nhan dang. Két qua dau ra 1a bénh twong tmg
trén cdy lua va goi ¥ mot s phuong phap phong trir bénh ciing nhu cach cham séc ciy lua sao cho dat ning suat cao nht.

I1.COSOLY THUYET VANGHIEN CUU LIEN QUAN

A. C&c logi bénh trén cay lta

Mac du ¢co nhiéu loai bénh hai trén lua, nghién clru ndy trudc mit tap trung phén loai Ofl loai bénh thwdng xay ra
o DBSCL la bénh Chay bia‘ 1a, bél’lb Chay la (dao 6n), bénh Vang }é, bénh POom van nhu thé hién trong Hin~h 1. Triéu
chirg cta 4 loai bénh nay déu co thé hién trén 14 lta [1] do d6 bai viét s& tip trung nghién ctru trén 14 lGa bi nhi€ém bénh.

B. Biéu dién dnh béng dic trung SIFT va mé hinh Bag of Words (BoW)
1) Trich chon ddc trung cuc bé bat bién SIFT

Trich chon dic trung 1a qua trinh xir ly mot anh dau vao thanh mot vécto dac trung n chidu. Mdi chiéu phan anh
mot dic trung cta anh. Trich chon dic trung 1a budc rat quan trong anh huong truc tiép dén két qua cia mot h¢ thong nhan
dang néi chung, hé thdng nhan dang anh 14 IGa bénh néi riéng. Hién nay c6 rat nhidu phuong phép trich chon déc trung
anh. Nhung nhin chung c6 bbn phuong phép chinh dé trich chon dac trung anh: Dic trung mau sic, dic trung vé két cau,
déc trung vé hinh dang va dic trung cuc bd bat bién SIFT (Scale-Invariant Feature Transform) [3][4] [6] Trong do6 SIFT la
phuong phéap duoc ap dung hiéu qua, véi uu diém Ia khong phu thudc viée thay doi ty I¢, quay anh, goc nhin, anh bi nhidu
hozc doi khi 1 thay doi do sdng & mirc @6 chap nhan. Nghién ciru nay sir dung phuong phép trich chon dic trung SIFT.
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Hinh 1. Bén loai bénh phé bién trén 14 IGa. o
Tu tréi sang phai: a. Bénh chdy bia 1&; b. Bénh chay 14 (dao 6n); c. Bénh vang I&; d. Bénh dom van

Céc dic trung SIFT dugc trich chon ra tir cac diém dac biét cuc bo (Local Interest Point) [5][6][8], la vi tri “dac

biét” trén anh. “Dac biét” ¢ ddy co nghia 14 diém do6 c6 thé c6 cac dic trung bat bién véi viéc quay anh, co gidn anh hay
thay ddi cuong do chiéu sang cua anh. Phuong phép trich chon céac dic trung SIFT duoc thyuc hién theo cac budc:

Phét hién cac diém cuc tri Scale-Space: Budc ndy tién hanh tim kiém cac diém dic biét trén tat ca céc ti 1& va vi tri
cua anh. N6 st dung bo loc Different-of-Gaussian dé xac dinh tat ca cac diém dac biét tiém nang ma bat bién va6i quy
mo va hudng cua anh.

Pinh vi cac diém dic biét (keypoint localization): Mot ham kiém tra s& duoc dua ra dé quyét dinh xem céac diém
dic biét tiém niang co duoc lya chon hay khong. Phan tich diém dic biét tiém nang, lay cac théng tin vé: Vi tri, Ty 1€,
Ty Ié do cong co so (pricipal curvature). Loai bo diém cuc tri khong phii hop: Biém c6 d6 tuong phan thap (khdng on
dinh khi anh bi nhiéu), diém & nhiing vi tri khéng thuan loi doc theo cac canh.

Xéc dinh hwéng cho cic diém dic biét (Orientation assignment): Dua vao huéng cia diém dac biét, biét duoc
diém qac biét bat bjén véi su quay anh. Tai moi diém dac biét, trich xuat mot anh Gaussian (khung Gaussian) chira
cac diém lan can diém dac biét do sau do tinh toan do 16n va hudng cho diém dac biét.

M té cac diém dic bigt (Keypoint descriptor): Céc diém dic biét sau khi dwoc xac dinh huéng s& dugc md ta dudi
dang cac vector dac trung nhiéu chiéu (thuong la 128 chiéu)

Sau khi phén tich dic trung anh dau vao s& thu dugc mét tap cac vécto dic trung khac nhau, tap cac vécto ndy thuong

rat 16n. Bé 1am dir liéu dAu vao cho giai thuat may hoc SVM, nghién ciru d& xuét stir dung mé hinh “bag of words” [9].
2) M6 hinh Bag of Words (BoW)

M6 hinh Bag of Words (BoW) la mét mo hinh

dugc sir dung phd bién trong cac linh vuc phén loai, nhan
dang, phat hién va truy van anh dya trén noi dung [3], [4],
[9]. M6 hinh nay xuat phat tir linh vuc xir Iy ngdn ngir tu
nhién, duoc ding dé biéu dién tai liéu hoic cau bang tap
hop cac tir (words) ma khong quan tdm dén tha ty (nhw
mot tai dung - bag) ciing nhu cau tric ngit phap ciia ching.

Trong linh vuc thi giac may tinh (computer vision)
moé hinh BoW cé thé duoc &p dung dé phén lop anh bang
cach xem déc trung anh nhu céc tir trong van ban [2].

(1) Trich chgn djc trung SIFT
(2) Xay dyrng visual words
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Hinh 2. Minh hoa mé hinh Bag of Words (BoW)




Nguyén Hitu Hoa, LAm Tén Phuong, Nguy&n Thai Nghe 161

Str dung md hinh BowW dé biéu dién anh bao gém cac budc nhu minh hoa trong Hinh 2 [10]:

- Triqh chon dic trung anh: Anh sau khi duoc trich chon céac ddc trung, s& duogc dai dién bai mot tap cac yéCtO, ching
la dau vao cho thuét todn gom cum (clustering algorithm). K¢ tiép, st dung mot thuat todn gom cum dé gom nhém
céc dac trung cuc bd, xay dung tap cac visual words.

- G4n cdc dic trung cuc b trén mdi tAm anh vao cac visual words gan nhét: nguoi ta thuong hay sir dung khoang
cach Euclidean dé tinh khoang cach tir dac trung dén visual words gan nhat.

- Xay dung biéu dd BoW: thong thudng, ngudi ta hay sir dung md hinh khong gian vécto dé biéu dién hinh anh. Anh
s€ biéu dién bang mot vécto voi cac dic trung la cac visual words. CAc vécto nay con dugc goi 1a cac luge 46 Bow
(BoW histograms). Pay la vécto dai dién cho anh.

C. Cac cdng trinh nghién crru lién quan

Ung dung dién thoai di dong dé nhan dang bénh hai lta dugc nhiéu nha nghién ctru trong va ngoai nuéc quan tam
nghién cru vi tinh g dung rong rai ngoai thuc tién cua no.

Nhom tac gia trong [5] da st dung phuong phép entropy mo va Mang noron xéc suat, Nghién cau [7] st dung
phuong phap chuyén anh tir RGB sang hé mau YCbCr va so sanh trén Histogram.

Trong nghién ctru nay ching t6i dé xuat sir dung phwong phap trich chon dic trung SIFT va bo phan 16p SVM dé
phén loai bénh trén 14 IUa.
I11. XAY DUNG HE THONG NHAN DANG BENH TREN LUA

A. M6 hinh nhgn dgng bénh trén lda

Mb hinh nhan dang bénh trén 14 lua dugc dé xuét nhu trong Hinh 3, gdm 3 giai doan,chl'nh. Giai doan 1: Trich ddc trung
SIFT; Giai doan 2: Bicu dién anh bang md hinh Bag of Words va xay dung dix liéu huan luyén cho bo phan 16p SVM; Giai
doan 3: Huan luyén mé hinh SVM va st dung trong viéc phan I6p. Chi tiét s€ dugce trinh bay duédi day.

1) Giai doan 1: Trich ddc trung SIFT tir anh dau vao

Tap huén luyén I, bao gom cac file I; (1 <t < s) thudc Vé céc I6p cho trude (4 1op), cac file cing chi dé s& luu
chungr mot thu muc.‘M()i file I, chira tap céc vécto 128 chieu md ta dac trung SIFT ctia mot anh. Dé tao ra mot file I ttr mot
anh goc cho trudc can thyc hién qua cac budc sau:

- Chuyén d6i anh vé khong gian mau Grayscale.

- Trich chon va mé ta dic trung SIFT ctia anh mirc xam dwoc tao ra & trén. Phan module nay thyc hién mo ta cac diac
trung cuc bd cua anh va duoc luu duéi dang ma tran. Sau qua trinh nay, ta thu dugc céc file I cho tap huan luyén.

.
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2)  Giai dogn 2: Biéu dién anh bang Bow

Sau giai doan 1, ta c6 tap dir liéu I bao gom céac file chira tap vécto 128 chiéu mo ta cac dic trung SIFT cua anh.
Trong giai doan 2, ta thuc hién cac budc:

- St dung giai thuat k-means dé gom cum céc vécto 128 chidu ndy véi sé cum (cluster) cho trudc (trong nghién ciu
nay, k=200 s& cho do chinh xac cao nhat — s& duwgc mo ta trong phan thuc nghiém). Cac visual words chinh la tdm cta
cac cluster nay. Luu lai cac visual words vao file dictionary.xml.

- Tinh khoang céch Euclidean tir cac vécto dic trung SIFT trén mdi anh dén céc visual words. Gan céc vécto nay vao
visual words gan nhat.

- Tinh tan s6 xut hién cua cac visual words trén mdi anh. Nhu vy, cac tim anh bay gid duoc biéu dién cac vécto tan
s6 xuat hién cua visual words.

- Thuc hién gan nhan cho cac vécto tan s nay va ghi lai 1am file huan luyén cho mé hinh phan 16p SVM.
3)  Giai doan 3: Huan luyén mé hinh SVM

Dé huan luyén md hinh SVM, nghién ciru ndy sir dung cong cu LibSVM [11] dé huan luyén md hinh. LibSVM la
mét trong sé nhidu thu vién hd trg cho SVM. LibSVM hd trg nhidu ngdn ngit phd bién nhu C++ va Java va c6 thé chay
dugc trén nhidu hé diéu hanh khac nhau nhu: Windows, Linux. LibSVM 1a mét thu vién don gian d& sir dung va cé thé
diung dé phan I6p (C-SVC, nu-SVC) hay hdi quy (epsilon-SVR, nu-SVR) va hd trg phan Iép da 16p (multiclass
classification). Mac du vay, ta c6 thé sir dung nhitng thu vién khac c6 hd trg SVM (nhu Weka,...).

B. Két qud
1)  Méi truong cai dat va giao dién hé thong
Heé théng nhan dang bénh trén 14 lta dwoc thyc hién trén nén Android, véi ngén ngit 14p trinh 1a Java va c6 tham

khao dén thu vién JavaCV0.7 for android (OpenCV 2.4.8) va thu vién LibSVM on Android. Hé thdng gdm 2 module
chinh: Danh cho Quan tri va danh cho Nong dan.

) Module danh cho Néng dan duoc minh hoa nhu trong Hinh 4a (trai). O d6, ngudi dan chi don gian khoi dong hé
thong va chon nat “Chup Anh”, sau d6 hé thong ty dong xur 1y va cho két qua phan loai bénh kém theo cac goi y phong
trir nhu trong Hinh 4b (phai).

Module danh cho Quan tri gém nhfr‘ng churc nang nhu Load énl} mau; trich dic trung Sift cho anh vira load; Tao
visual words cho tap anh dir liéu; Tao lugc d6 Bag-of-Word. Tao file huan luyén va tao file kiém tra cho tap anh.

2) D liéu thuc nghiém

Pé thuc nghiém, nhédm tac gia da chup va suu tp anh bénh trén 14 la tir cac canh déng laa & Tra On tinh Vinh
Long va & Chau Thanh A, tinh Hau Giang dudi sy hd trg chuyén mén ctia cac k¥ su tai tram bao vé thuc vat huyén Chau
Thanh A — Hau Giang. Anh dwoc chup bang dién thoai Asus Zenfone 5 chay hé diéu hanh Android phién ban 4.3 ¢
8Mpx trong diéu kién 4nh sang ban ngay binh thuong. Anh dwoc chup v6i khoang cach tir 10-20 cm tir camera dién thoai
dén 14 Ia, cac anh thu dugc dinh dang dudi 1a .png. Téng s6 anh thu dugc 14 1446 anh bao gdm 5 16p: Chay bia 14, chay
1a, dm van, vang 14 va 16p khong bénh. Chi tiét dwoc mé ta nhu trong Bang 1.
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Bang 1. Tap dir li€u hinh anh

Chaybialda | Chaylda | Pomvin | Vangla | Khéngbénh |Téng sb
Tép huén luyén 208 251 204 187 110 960
Tap kiém tra 100 124 105 95 62 486
Téng 308 375 309 282 172 1446

3)  Ddnh gid két qua

Dé danh gia két qua, nghién ciru nay sir dung cac do do Accuracy, Precision, Recall, va F1-Measure va nghi thirc
kiém tra chéo (5-fold cross validation). Vi mé hinh SVM, ching toi str dung phuong phép tim kiém siéu tham sé (hyper-
parameter search) c6 san trong cong cu grid.py trong thu vién LibSVM, két qua minh hoa trong Bang 2 véi ham nhan RBF
(Radial Bias Function). Trong d6 C va gamma la cac siéu tham s6 ciia mé hinh SVM, con K 1a sé cum trong md hinh k-
Mean & giai doan 2 di trinh bay ¢ phan I11.A. D¢ chinh xac sau cing ciia md hinh 12 79.63%.

Bing 2. Tuong quan giita d6 chinh xac va cac siéu tham s6 K, C va gamma

K 50 80 100 150 200 250
C 2 8 2 2 2 2
gamma 2 2 8 8 2 8
D§ chinh xac 72.22% 76.34% 78.6% 73.44% 79.6% 74.69%

) Két qua phan Iép cua tung 16p theo do do Precision, Recall va F1-measure duoc trinh bay chi tiét trong Bang 3,
két qua trung binh dat d6 chinh xac trén 81%.

Bang 3. D9 chinh xac cua ting 16p

Lop Precision Recall F1-measure
Chay bia I& 71.56% 78.00% 74.64%
Chay la 92.73% 82.26% 87.18%
Pbém vin 67.68% 63.81% 65.69%
Vang la 73.58% 82.11% 77.61%

L& khong bénh 100% 100% 100%
Avg/total 81.11% 81.23% 81.02%

Ngoai ra, dé xem tinh kha thi cua viéc xir Iy anh trén thiét bi di dong, chung t6i ciing trinh bay két qua trung binh
cua viéq X |y,1 anh nhu trong Bang 4. Trung binh chi mat khoang 1s dé cho ra két qua, nhu vay viéc nhan dang bénh trén
I 10a bang thiét bi di dong la hoan toan kha thi.

Két qua ctia nghién ctru nay budc dau dap g dugc trong viéc hd trg ndng dan phét hién duoc bénh hai lta dé c6
bién phap phong trir kip thoi.

Bang 4. Chi tiét thoi gian thuc hién nhan dang trén 2 dién thoai

Asus Zenfone 5 Lenovo A369i
Ram 2GB 512 MB
CPU Intel Atom 22560, 1.6 GHz MTK 6572, 1.3 GHz
Hé diéu hanh 4.3 (Jelly Bean) 4.2 (Jelly Bean)
Trich dac trung SIFT trén anh 525 ms 850 ms
Vécto hda mot anh va ghi thanh file txt 516 ms 425 ms
Phan 16p mét anh 53 ms 65 ms
Téng thoi gian 1.094 ms 1.340 ms
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IV. KET LUAN VA HUONG PHAT TRIEN

Bai viét nay da dé xuat mot giai phap trong nhan dang bénh hai trén lGa thong qua anh chup tir thiét bi di dong.
Anh du vao duoc xir 1y va rat trich ddc trung SIFT sau d6 duoc phan 16p bing mé hinh may hoc SVM. Bai viét ciing da
dé xuit md hinh tong quét trong viéc nhan dang thong qua céc budc chi tiét. Hién tai, nghién ciru ndy mai tap trung trén 4
loai bénh hai trén cay lua phé bién nhit & Viét Nam la bénh chay bia 14, chay 14 (dao 6n), bénh dém van va bénh vang 14,
tuy vay viéc mo rong cho cac loai bénh khac 1a hoan toan kha thi do chi can thu thap thém dix liéu va huan luyén lai md
hinh. Két qua budc dau cho thiy giai phap nay la tién dé dé xay dung (ng dung trén thiét bi di dong phuc vu néng nghiép
thong minh nham gitp ngudi nong dan xac dinh sém bénh hai lua va phong trir bénh kip thoi.

Tuy nhién, yéu té lay anh dau vao dong vai tro rat quan trong dén két qua cua qué trinh nhan dang dnh. Trong
thuc té, dé don gian trong viéc xt ly nhiéu, khi chup dnh, 13 I0a bénh co thé duoc dit trén tim vai hoac tam glay, hoac

carton 1am nén va khong dé 14 IGa bi chiéu truc tiép véi anh nang mit troi, dong thoi nguoi chup anh can phai cam chac
dién thoai ¢é anh khong bi nhoe. Pam bao tét nhitng yéu té nay thi két qua nhan dang anh sé& chinh xac nhat.

Trong tuong lai, chiing t6i tiép tuc bo sung thém nhiéu loai bénh hai lta khac dé chuong trinh c6 thé mé rong viéc
nhan dang. Thém vao dé, dua chwong trinh tng dung ra thuc té thir nghiém dé thu thap y kién cua ndng dan nhim hoan
thién thém chuong trinh. DAng thoi, phét trién chwong trinh khong nhitng chay duoc trén hé didu hanh Android ma con cé
thé chay trén cac dién thoai chay hé diéu hanh khac nhu 10S, Window phone.
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AN APPROACH FOR RICE LEAF’S DISEASE RECOGNITION USING
SMART DEVICES

Nguyen Huu Hoa, Lam Tan Phuong, Nguyen Thai Nghe

ABSTRACT — This work proposes an approach for rice leaf’s disease recognition using images captured from smart devices. The
input images are extracted their SIFT features. Then, these features are processed using Bag-of-Word model before classifying using
SVM. Experiments are conducted on 4 popular diseases on the rice leaf’s. Results on 1446 images show that the proposed approach can
correctly classify at 79,63% of accuracy. This approach would be potential for building smart applications for agriculture.

Keywords — Rice leaf’s disease recognition, mobile applications, SIFT, SVM.
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