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Improving the YOLO v4 algorithm applied to the powdery mildew and downy mildew monitor
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Abstract

This paper presents the research and design of the powdery mildew and downy mildew monitor system on cucumber plants. The system is
designed based on Raspberry Pl embedded computer and 5MB Pl Camera. We have improved the YOLO v4 algorithm, then integrated it
into this system to identify powdery mildew and downy mildew on cucumber plants. The test results of the improved YOLOV4 algorithm
with the sample data set gave an accuracy of 83.43%, which is 0.37% higher than the original YOLO v4-tiny algorithm. The monitoring
system initially operates stably with Raspberry Pl hardware in the greenhouse at VVietnam National University of Agriculture.
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Tém tit

Bai bao trinh bay vé nghién ctu va thiét ké mot hé théng giam sat
bénh phéin tring va bénh swong mai trén ciy dua chudt. Hé théng
duoc thiét ké dya trén may tinh nhiing Raspberry PI va Camera PI
5MB. Thuat toan YOLO v4 duoc ching t6i cai tién va duoc dwa vao
trong hé théng nay nham nhan dang bénh suong mai va bénh phén
trang trén cdy dua chuot. Két qua thir nghiém thuat toan YOLO v4
cai tién voi bo dit liéu mau da cho d6 chinh x4c dat t6i 83.43%, két
qua nay cao hon so v&i thuat todn YOLO va4-tiny géc 13 0.37%. He
thdng giam sat budc dau di hoat dong én dinh vai phin cing Rasp-
berry PI trong nha kinh tai Hoc vién Néng nghiép Viét Nam.

1. Giéi thiéu

Bénh hai cy trong la mot trong nhung nguyén nhan gay ra
nhitng thiét hai 16n vé kinh té trong san xuat néng nghiép.
Viéc phat hién va xac dinh kip thoi cac bénh hai cay trong 1a
diéu can thiét dé chira tri va kiém soat chiing. Dua chudt (Cu-
cumis sativus L.) 1a mot trong nhiing loai cay rau pho bién
trén toan thé gioi co gia tri kinh te cao [1][2][3]. Dé san xuat
dua chudt c6 ning suit cao thi yéu td can chd trong 1a phai
kiém soat dugc sau bénh, trong d6 bénh phd bién trén loai cay
nay 1a bénh phan tring va bénh swong mai [4][5][6][7][8][9].
Phat hién va canh béo céc loai bénh néu trén dé c6 nhitng giai
phép xir Iy s6m nham ting ning sut va giam lugng thudc bao
vé thuc vat 1a diéu hét sirc can thiét. Viéc wng dung cong nghé
robot, thuat toan tri tué nhan tao va Internet van vt (1oT) cho
san xuét trong néng nghiép ndi chung va cho hé thong giam
sat cay dua chudt s& nang cao hiéu qua chim soc céy trong,
1am giam bét sirc lao dong ctia ngudi ndng dan. C6 nhiéu cong
trinh khoa hoc trén thé gigi nghién ctu st dung céc cong nghé
tw dong hda phuc vu san xuat dwa chudt trong nha ludi, chang
han trong [10][11] d4 phét trién xe dé phun thubc trir sau tu

dong trong nha kinh trong dira chudt. Hé thong nay lam nhiém
vu phun thuéc, nhung chirc nang nhan dién bénh trén cay duoc
thuc hién nho quan sat cia con ngudi. Cong trinh [12] da thiét
ké mot robot dé xac dinh sy thiéu hut dinh dudng Nito cia
cay dua chudt trong nha kinh tir d6 diéu khién cung cp phan
bon cho cay. Mot sé cong trinh nghién ciru khac lai tap trung
vao cac thuat toan dé phan loai bénh trén cay dua chudt, Ke
Lin [13] d& st dung mé hinh Unet dé phan doan bénh phan
trang trén 14 bénh dua chuot, két qua cho thay do chinh xéac
trén 72,11%. Pan Zhang [14], da sir dung thuét toan Efficient-
Net-B4-Ranger dé phan loai cac bénh trén dua chudt, két qua
cho @6 chinh xac 1a 97%, v&i phuong phéap phan loai anh nay,
mai anh s& duoc phan loai cho mot dbi twong, nén khi cé nhiéu
ddi tuong trong anh thi bai toan s& kho thuc hién va khi ap
dung vao thuc té s& rat kho. Trong céc thuat toan phat hién
cac d6i tugng trong anh, YOLO v4 dang c6 sy ndi troi vé do
chinh xéc va tc do xir ly [15]. Phién ban YOLO v4-tiny [16]
dwa trén YOLO v4 da duoc luoc bo bét cac ciu tric mang
Noron tich chap (CNN) dé kich thuéc bé hon va giam dugc
thoi gian phat hién ddi tugng. YOLO v4-tiny cd thé sir dung
dugc trén cac phan cimg co ban nhu Raspberry PI, do do
chiing t6i s& cai tién thuat toan nay dé ung dung cho hé thong
nhan dang bénh suong mai va bénh phan tring trén cay dua
chudt, tir d6 dua ra cac canh bao cho nguoi ndng dan.

2. Thiét ké hé thong

2.1. M@ hinh h¢ théng

Hé thong dugc thiét ké s di chuyér} trong nha ludi trong dua
chudt, chup anh va xur 1y hinh anh bang thuat toan tri tu¢ nhan

tao (Al) dé nhan ra bénh phén tring va bénh swong mai. Hinh
anh 14 bi bénh s& dwoc giri vao email va nhan tin canh bao vao
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dién thoai cho nguoi quan 1y. M6 hinh céu trac hé théng dugc

thé hién qua Hinh 1.

2.2. Céu tric phan cieng hé théng

Trén Hinh 2, biéu dién so d6 cAu tric cac thiét bj phan cing
cua hé thong phét hién va canh béo bénh phan trang va bénh
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swong mai trén cdy dwa chudt, hé thdng gom c6 1 Raspberry
P1 4, két ndi véi cac arduino dé didu khién dong co tién IUi hé
thdng, nang ha camera; quay camera Ién xuéng; két ndi véi
SIM808 dé truyén tin nhin dén nguoi quan 1y nha ludi biét
tinh trang bat thuong cua cay dua chudt. Pong thoi Raspberry
s& gui hinh anh cac 14 dua chudt bi bénh vao email ciia nguoi
quan ly.

Hién
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Microstep

Hinh 2: So db céu tric cac thiét bi phin ciing cua hé théng
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Hinh 3: So db biéu din céc ché do 1am viéc cua hé théng

Chédp3
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2.3. Thuit toan diéu khién h¢ thong

Trén Hinh 3, biéu dién cac ché do lam viéc cua camera thu
nghiém véi mé hinh trong dira chudt thiy canh trong nha ludi;
vi cay dua chudt khi phat trién hét c6 d6 cao tir 2 m dén 3 m,
do vay ma co cau cua hé théng duoc thiét ké dé nang camera
Ién chup anh khi cay cao; khi cay bé dudi 1 m (tir 1 dén 5 la
that) hé thong lam viéc & ché do 1, khi cly phét trién Ién tir
khoang 1 m dén 1,6 m thi camera Iam viéc & ché do 2, va khi
cay phat trién trén 1,6 m thi hé théng lam viéc & ché do 3. He
thong c6 thé nang camera I1&n vi tri cao nhat 14 170 cm so véi
mat dét.

¢ =
Sai Sai Sai

Dung 1 Ding Pung

| Chédp1 | | Chéap2 | | Chédps |

| |

Al nhén dién bénh phén
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|
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I
Hinh 4: Luu d6 thuat toén hé théng giam sat va canh béo bénh phén tring
va bénh suong mai trén cay dua chudt

Ché @6 1: Camera duoc dua xudng vi tri thap nhét 1a cach mat
d4at 120 cm va xoay camera & vj tri 45° chup anh, dé nguyén
trang théi nay va di chuyén tiép 50 cm dén cay tiép theo chup
anh va cir tiép tuc nhu vay cho dén khi hét cay thuc nghiém.

Ché @¢ 2: Camera chup anh 1 & vj tri 45°, sau d6 quay dén vi
tri 90° chup anh tiép, tiép dén hé thdng nang camera Ién 25
cm dé chup anh tiép theo, sau do6 lai xoay camera xudng 45°

[ mpue ] [ a16x616x3 |
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Conv 3x3x64

Conv 3x3x64

1 Conv 3x3x128

Conv 3x3x64
Conv 3x3x64

Conv 3x3x32
Conv 3x3x32

| Conv 3x3x256

Conv 3x3x128

| Conv 3x3x128

Route

chup anh, tiép theo hé thong tién 1&n 50 cm chup anh céc vi tri
nhu 1an dau, ci tiép vay cho dén khi hét s cay.

Ché dg 3: Ciing giong ché d6 2 nhung nang camera 1&n 25 cm
nita va chup & 3 vi tri la & 45°, 90° va 145°,

Hinh 4, 1a lvu @6 thuat toan hé thdng giam sét canh béo cay
dua chudt bi bénh phan tring va bénh swong mai hoat dong
trong nha luéi; trong d6 CP1, CD2, CD3 la cac ché do lam
viéc cua hé théng camera phu thudc vao chiéu cao cay trong.
Sau khi hé théng chup hét céac vi tri cua cy, cac hinh anh s&
duoc qua thuat toan AI dé phat hién bénh phan tring, bénh
swong mai. Néu anh nao bi bénh s& duoc giri vao email, tiép
dén 1a tin nhin canh bao ciy dwa chudt bi bénh s& duoc gui
dén dién thoai cua nguoi quan ly va két thic. Ngoai ra néu cay
khong bi bénh hé thong s& két thlic qua trinh 1am viéc.

3. Thuit toan phat hién bénh phén tring va
swong mai

Thuat toén phét hién bénh phan tring va bénh swong mai duoc
chdng t6i st dung la thuét toan YOLO v4-tiny goc va thuat
toan cai tién cua ching tdi dua trén YOLO v4-tiny gbc [16].
Trén Hinh 5, thé hién cau trdc thuat toan YOLO v4-tiny gbc
(goi 12 YOLO v4-tiny) gém c6 38 16p 1a 21 I6p Convolutional
(Conv), 11 16p Route, 3 16p Maxpooling, 1 16p Upsample, 2
I6p YOLO. Trén Hinh 6, thé hién cau truc thuat toan YOLO
v4-tiny cai tién cua ching tdi (goi tat 1a Improved YOLO v4-
tiny), cdu tric nay ciing gdm cac 16p giéng voi YOLO v4-tiny
nhung di c6 su thay d6i mot s6 16p két ndi véi nhau: & thuat
toan YOLO v4-tiny thi I6p 34 1a 1op két néi 33 vai lop 23,
trong khi thuat toan Improved YOLO v4-tiny 16p 34 12 16p két
ndi 33 vai lop 17.

Do chinh xéac trung binh (mAP) ctia md hinh c¢6 mbi quan hé
v6i gia tri learning rate [17], gia tri cua learning rate nim trong
khoang 0.0 + 1, trong model YOLOV4-tiny gia tri learning
rate bang 0.00261. DB6i vai md hinh Improved YOLO vé4-tiny,
gia tri learning rate s& dugc ching t6i thay ddi quanh gia
0.00261 va gidi han trong khoang tir 0.002 dén 0.003 dé tim
ra gia tri learning-rate phtt hop cho moé hinh cta ching toi.
Céc tham sé khac cho qua trinh dao tao va kiém tra cua hai
md hinh dugc thé hién trong Bang 1.

Conv 1x1x128

| Conv 1x1x256 |

Conv 3x3x256 || Conv 1x1x24_|»|  voLo
Upsample
Conv 3x3x512 H Conv 1x1x24 H YOLO
Conv 1x1x256
[[conv 3x3x512 |

Conv 1x1x64

— Maxpooling

w Maxpooling ﬁ@—'

Maxpooling

Hinh 5: Thuat todn YOLO v4-tiny géc dé phét hién bénh phan tring va bénh swong mai trén cay dua chuot
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Hinh 6: Thuat toan YOLO v4-tiny cai tién ciia chiing toi dé phét hién bénh phin tring va bénh swong mai trén cay dua chudt
o , s IRNR'|
Béang 1: Céac tham so6 dao tao va kiém tra cia 2 mo hinh IOU(R R') — (4)
_ [RUR’|
Tham so YOLO v4-tiny | Improved precision X recall
YOLO v4-tiny F1-score= 2X — 5)
Momentum 0.9 0.9 precision + recall
Decay 0.0005 0.0005 s?2 B
Batch_size 64 64 _ obj[Aj j Aj j
Classes 3 3 loss = _Z z Vvij [Cilog(Ci) + (1 - Ci)log(l - Ci)]
Activation funtion | Leaky ReLU Leaky ReLU i=0 j=0
Iterations 10000 10000

Céac gia tri dé xac dinh trong sb ot duge thuc hién béng cac
cong thue tir (1) — (6). Trong do: TP (true positive), FP (fault
positive), TN (true negative), and FN (fault negative), R la
ving dugc phét hién cua hop gidi han dbi twong, R ' 1 viing
thuc cua hop gidi han dbi trong, mAP 1 gié tri trung binh cua
d6 chinh x&c trung binh (AP) khi mot 14 dua chudt dugc phat
hién, S2 1a s 6 ludi trong anh dau vao, B 1a s6 bounding box
giGi han trong mot ludi, Wi‘j’b' 1a mot chire nang cta dbi tuong:
néu bounding box j cua ludi thi i phét hién ra ddi tugng thi
W™ = 1 néu khong thi W™ = 0, ¢ va € lan luot 1a diém
tin cay cua predicted box va diém tin cay cua truth box,
Anoobj 12 Mot tham sé trong so, P/(c) va P/(c) 1a predicted
probability va truth probability ma déi tugng thudc phan loai
¢ trong bounding box tht j cua luéi thir i, IOU Ia intersection
over union gitra cac hop predicted bounding box va truth
bounding box, wet va h&t 1a chiéu rong va chiéu cao truth
bounding box, w va h 1a chiéu rong va chiéu cao cua predicted
bounding box, p?(b,bs") biéu thi khoang cach Euclidean
gira cac diém chinh giira cua predicted bounding box va truth
bounding box, ¢ la khoang cach duang chéo nhé nhét ciia box
c6 thé chira predicted bounding box va truth bounding box.

T
precision = TP+ TP X 100% D
recall = TP+—FN X 100% (2)
¢, AP(c
mAp= 21 AP (3)

C

s> B
- }\noobj Z Z (1 - Wi(j)bj) [Cglog(cg)

i=0 j=0

+ (1 - Clog(1 - )]

S ot
T c=1

- (1 - Ej(c)) log (1 - Pij(c))] +1

2 b, bgt
oy PO
c
gt 4
16 (arctan % — arctan %) ©L8)
2 4 wst w)?
1—-10U + = (arctan et arctan n

Cac m6 hinh duge dao tao trén cau hinh phan cing c6 thong
56 nhu Bang 2. Qua trinh dao tao, tinh toan va kiém tra dugc
thuc hién trén framework Darnet [16].

Bang 2: CAu triic phan cimg dao tao va kiém tra 2 mé hinh

Computer Configuration Specific Parameters
CPU Intel XEON

GPU GTX 1060

Hg diéu hanh Windown 10

Bo nhé GPU 6 GB

Bo nhé Ram 64 GB
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4. Két qua va thir nghiém

4.1. Pao tao mo hinh

B dir li¢u dd dwoc gin nhan: 7936 anh

Anhco 14 dua
chudt bi

Anhco 14 dua
chudt bi
bénh phan trang

Anhco 14 dua
chudt binh
thuong

80% dir liéu
dao tao

20% dir liéu
kiém tra

mAP,
precision,
recall,
Fl-score,
ToU, loss

Thuét toan YOLOv4-tiny,
Improved YOLO v4-tiny

Thuét toan YOLOv4-tiny,
Improved YOLO v4-tiny

Filetrong s&

Hinh 7: Luu db qua trinh ddo tao va kiém tra hai mé hinh

B¢ dir li¢u cua chung toi gdm 7936 anh vai 3 16p 14 anh 14 bi
bénh phan trang, 14 binh thuong va la bi bénh suwong mai duoc
chup tir cac thiét bi dién thoai, may anh c6 d6 phan giai khac

nhau; cac anh duoc gin nhan va chia bo dit liéu thanh 80%
anh dé dao tao, con 20% anh dé kiém tra. Trén Hinh 7 biéu
dién bo dir liéu cia qua trinh dao tao va kiém tra cia hai md
hinh.

Trén Hinh 8 1a két qua mAP khi dao tao m6 hinh YOLO v4-
tiny v6i learning rate bang 0.00261 va md hinh Improved
YOLO v4-tiny véi gia tri learning rate khic nhau trong
khoang 0.002 dén 0.003, két qua cho thiy d6 chinh xac trung
binh mAP ctiia m6 hinh YOLO v4-tiny la 83.06%, m6 hinh
Improved YOLO v4-tiny cho d¢ chinh xac trung binh mAP &
gia tri learning rate bang 0.00222 va 0.0028 lan luot 12 83.28%
va 83.43% cao hon so v4i m6 hinh YOLO v4-tiny la 0.22%
va 0.37%. Bang 3 biéu thi chi tiét cac thong sé dao tao cuia 2
m6 hinh nay, két qua da cho thiy thém kich thudc cia hai md
hinh 1a khong thay d6i bang 22.4MB, gia tri recall cua
Improved YOLO v4-tiny cao hon, trong khi gia tri precision,
Fl-score va average loU thap mot it, diéu nay khong anh
huéng nhiéu dén bai toan. Ham loss ctia 2 mé hinh thé hién
trén Hinh 9 va Hinh 10 1a twong ddng nhau. Con Hinh 11, thé
hién mot s két qua kiém tra cta 2 thudt toan, nhan théy mo
hinh cai tién ctia chung t6i phat hién 14 dwa chudt bi bénh tbt
hon so v&i md hinh YOLO v4-tiny.

umAP Improved YOLO vd-tiny  mmAP YOLO vé-tiny
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33.04
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Learning rate (x10°%)

Hinh 8. Biéu di&n médi quan hé giit learning rate vai mAP caa mo hinh Improved YOLO v4-tiny va learning rate = 0.0261 cua md hinh YOLO v4-tiny
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Hinh 9: D6 thi 1am loss va mAP ciia YOLO v4-tiny
voi learning rate = 0.00261
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Hinh 10: D6 thi 1am loss va mAP cta Improved YOLO v4-tiny

vo6i learning rate = 0.00280

Bang 3: Két ciia cac thong s mAP, precision, recall, F1, loU caa 2 md hinh

Model Learning rate mAP precision recall Fil-score | average lou | Modelsizes (MB)
YOLO v4-tiny 0.00261 83.06 0.61 0.83 0.70 52.57 22.4
Improved YOLO v4-tiny 0.00280 83.43 0.56 0.84 0.67 46.97 22.4
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YOLO v4-tiny o .
Hinh 11: Mét so ket qua kiém tra phat hién bénh ctia 2 m6 hinh

4.2. M6 hinh phan cirng va thwc nghiégm

M5 hinh nha Iudi thuc nghiém trong nghién cau nay cé kich
thudce 10x5x3.5, dugc trong dua chudt theo phuong phap thiy
canh, hé thong cung cép dinh dudng dwoc thyc hién tu dong
qua hé théng ta diéu khién logic kha trinh (PLC). Hinh 12,

Improed YOLO v4-tiny

cho mot sé hinh anh hé thng duoc thiét ké va qua trinh thyc
nghiém hé théng giam sét bénh trén ciy dua chudt trong trong
nha lu6i vé6i cac giai doan phét trién cia cdy. Dua chudt trong
trong nha ludi c6 xuat hién bénh phén tring tir giai doan 2. Hé
théng da duoc dua vao dé thir nghiém, hinh anh thu duoc tir
hé théng véi camera PI SMB da dugc cho lan luot qua 2 thuat
toan YOLO v4-tiny va Improved YOLO v4-tiny. Két qua thu
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duoc tir hé théng giam sat thuc nghiém vai 2 thuat toan cho
thay, thuat toan Improved YOLO v4-tiny da cho két qua nhan
dién tét hon. Trén Hinh 13 1a mot sé két qua, cho thiy céc 14
bi bénh phén tring déi vai thuat todn YOLO v4-tiny khéng
phat hién dugc trong khi thuat toan Improved YOLO v4-tiny
da phat hién ra. Bang 4, két qua so sanh 2 md hinh trén phan
cting Raspbery Pl 4 c6 RAM 1GB, cho thay téc d6 xir Iy cua
Raspbery trén 2 mé hinh 13 twong dwong nhau, diéu nay ciing
phu hop vi kich thude trong s6 mé hinh la bing nhau 22.4 MB
(Bang 3). Hé thdng ciing da hoat dong tot véi viéc gui tin nhian
khi phat hién ra bénh phan tring trén ciy dua chudt cho nha

quan ly qua tin nhan SMS. Ddng thoi hinh anh bi bénh ciing
duoc gui téi email cia nguoi quan 1y dé xac thyc va theo doi

(Hinh 14).

Bang 4. So sanh kha ning xu ly hai thut toan trén phan cing

Raspberry Pi 4, 1GB RAM

M6 hinh Thoigiantrung | S6 khung hinh
binh xir Iy 1 anh | hién thi trong mot
(giay) giay (FPS)
YOLOv4-tiny 0.659 2.510
Improved YOLOv4-tiny 0.661 2.502
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YOLO v4-tiny

Improved YOLO \)4-tiny

Hinh 13: Két qua thuc nghiém phat hién bénh cua hé théng véi 2 mé hinh

= M Gmail Q,  Tim kiém trong thu
€ o o =8 o @ o ®

} soenthu

O Hépthudeén 63

% C6gan dsu sao

© oataman

> Dagui

B Thunhip

v Danh séch m& rong

Meet

W Cudc hop méi

Tham gia cudc hop

Hangouts

Q- +

il Viettel ® 20 @ 7%m

Q @

Dua chuot bi benh phan trang
Dua chuot bi benh phan trang

Dua chuot bi benh phan trang

Hinh 14: Két qua 14 bi bénh duoc gui 1&n email va tin nhin dwgc giti cho ngudi quan Iy

5. Két luan

Thuat toan YOLO v4-tiny cai tién da duogc tich hop thanh
cong vao hé thdng giam sét va canh bao bénh swong mai va
bénh phin tring trén ciy dwa chuot. Hé théng da duoc thu
nghiém thuc té tai mot nha kinh tai Hoc vién No6ng nghiép
Viét Nam. Két qua bude dau cho thdy hé thdng da hoat dong
t6t, 6 chinh xac nhan dang cac loai bénh trén cay dwa chuot
dat t6i 83.43%. Chung t6i da budce dau xay dyng dugc bo co
so dir liéu vé céc bénh trén cay dwa chudt, cac anh thu thap
dugc danh sb, ghi thuge tinh dé phuc vu cac nghién cuu tiép
theo. Két qua dat dugc trong nghiém ciu nay la tich cuc,
chung thé hién kha nang ung dung cac thuat toan st dung tri
tué nhan tao (Al) vao cac hé théng giam sét, canh bao bénh
trén cay dua chudt véi phan ciing don gian. Diéu nay mo ra
co hoi d& dang p dung trong diéu kién thyc té & Viét Nam do
chi phi thuc hién hé théng véi gia thanh thap.
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