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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 PI embedded computer and SMB PI 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 PI hardware in the greenhouse at Vietnam National University of Agriculture.
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Tém tit

Bai bao trinh bay vé nghién ciru va thiét ké mot hé thong giam sat
bénh phén tring va bénh swong mai trén ciy dua chudt. Hé théng
dugc thiét ké dya trén may tinh nhing Raspberry PI va Camera PI
5MB. Thuat toan YOLO v4 dugc chiing i cai tién va dugc dua vao
trong h¢ théng nay nhdm nhén dang bénh suwong mai va bénh phén
trang trén cdy dwa chuot. Két qua thir nghiém thuat toan YOLO v4
cai tién voi bo dir liéu mAu di cho d6 chinh xéac dat t6i 83.43%, két
qué nay cao hon so véi thuat toan YOLO vé-tiny gbc 1a 0.37%. Hé
thong giam sat budc du da hoat dong 6n dinh véi phan ciing Rasp-
berry PI trong nha kinh tai Hoc vién Nong nghiép Viét Nam.

1. Giéi thigu

Bénh hai cdy trong la mot trong nhung nguyén nhén gay ra
nhitng thiét hai 16n vé kinh té trong san xuit néng nghiép.
Viéc phat hién va xac dinh kip thoi cac bénh hai cay trong la
diéu can thiét dé chira tri va kiém soat chung. Dua chudt (Cu-
cumis sativus L.) 1a mot trong nhirng loai cdy rau phd bién
trén toan thé gidi co gia tri kinh té cao [1][2][3]. Dé san xuat
dwa chudt c6 nang suit cao thi yéu t6 can chu trong 1a phai
kiém soat duoc sau bénh, trong d6 bénh phé bién trén loai cay
nay 1a bénh phan tring va bénh swong mai [4][5][6][7][8][9].
Phét hién va canh bao céc loai bénh néu trén dé co nhitng giai
phéap xir Iy sém nham ting ning suit va giam lugng thudc bao
vé thue vat 1a diéu hét stc can thiét. Viéc ung dung cong nghé
robot, thudt toan tri tu¢ nhan tao va Internet van vat (IoT) cho
san xuat trong nong nghiép néi chung va cho hé thong giam
sat cay dua chudt s& nang cao hiéu qua chim soc céy trong,
lam giam bét sirc lao dong ctia ngudi ndng dan. C6 nhiéu cong
trinh khoa hoc trén thé giéi nghién ctru s dung cac cong nghé
tw dong hoa phuc vu san xuét dua chudt trong nha ludi, chang
han trong [10][11] da phat trién xe dé phun thudc trir sau tu

d6ng trong nha kinh trong dura chudt. Hé thong nay lam nhiém
vu phun thude, nhung chirc nang nhan dién bénh trén cay dugc
thye hién nho quan sat ciia con ngudi. Cong trinh [12] da thiét
ké mot robot dé xac dinh su thiéu hut dinh dudng Nito cia
ciy dua chudt trong nha kinh tir 46 diéu khién cung cap phan
bon cho cay. Mot s6 cong trinh nghién ctru khac lai tap trung
vao cac thuat toan dé phén loai bénh trén cay dua chudt, Ke
Lin [13] d4 st dung mo hinh Unet dé phan doan bénh phan
trang trén 14 bénh dua chudt, két qua cho thay do chinh xéc
trén 72,11%. Pan Zhang [14], da st dung thuat toan Efficient-
Net-B4-Ranger dé phan loai cic bénh trén dwa chudt, két qua
cho d¢ chinh xac 1a 97%, véi phuong phéap phén loai anh nay,
mdi anh s& dugc phan loai cho mot ddi tugng, nén khi co nhiéu
d6i twong trong anh thi bai toan s& kho thuc hién va khi ap
dung vao thuc té & rat kho. Trong cac thudt toan phat hién
cac d6i tugng trong anh, YOLO v4 dang c6 su ndi troi vé do
chinh x4c va téc d6 xtr Iy [15]. Phién ban YOLO vé-tiny [16]
dya trén YOLO v4 di duogc luge bo bét cac cau trac mang
Noron tich chap (CNN) dé kich thudc bé hon va giam dugc
thoi gian phat hién ddi tugng. YOLO v4-tiny c6 thé sir dung
dugc trén cac phan cimg co ban nhu Raspberry PI, do do
ching t6i s& cai tién thuat toan nay dé img dung cho hé thng
nhan dang bénh suwong mai va bénh phin tring trén ciy dua
chudt, tir d6 dua ra cac canh bao cho nguoi nong dan.

2. Thiét ké h¢ thong

2.1. M hinh h¢ théng

Hé théng duoc thiét ké s& di chuyéq trong nha ludi trdng dua
chuot, chup anh va xt Iy hinh 4nh bang thuét toan tri tu¢ nhan

tao (AI) dé nhan ra bénh phén tring va bénh suong mai. Hinh
anh 14 bi bénh s€ dugc giri vao email va nhan tin canh bao vao
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dién thoai cho nguoi quan ly. M6 hinh ciu trac hé théng dugc

thé hién qua Hinh 1.
2.2. Céu tric phin cirng hé thong

Trén Hinh 2, biéu dién so dd cdu tric cac thiét bi phin cing
cua h¢ thong phat hién va canh bao bénh phan trang va bénh
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2 Blc quay camera

Raspberry Pi 4

Arduino UNO
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suong mai trén cdy dua chudt, h¢ thong gbdm ¢ 1 Raspberry
PI 4, két nbi v6i cac arduino dé diéu khién dong co tién 1u1 hé
thong, nang ha camera; quay camera lén xudng; két ndi véi
SIM808 dé truyén tin nhin dén ngudi quan 1y nha ludi biét
tinh trang bat thuong ciia cay dua chudt. Pong thoi Raspberry
s€ gui hinh anh cac 14 dua chudt bi bénh vao email cua nguoi

\ )
. ﬂ] G— Blc nang lén xubng camera

Microstep

Hinh 2: So d ciu triic cac thiét bi phan ctmg cua hé thng

‘t Camera xubngvi tri 45

Camera i vi tri 90°

4,
’ Camera lén vi tri 145°

Chédal

Chédj2

Hinh 3: So dd biéu dién cac ché do lam viéc cua hé théng

Chédd3d
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2.3. Thuit toan diéu khién hé thong

Trén Hinh 3, biéu dién cac ché do lam viéc cua camera thir
nghiém v6i mé hinh trong dua chudt thuy canh trong nha ludi;
vi cay dua chudt khi phat trién hét c6 d6 cao tir 2 m dén 3 m,
do vy ma co cdu cua hé théng dugc thiét ké dé nang camera
1én chup anh khi cay cao; khi cdy bé dudi 1 m (tir 1 dén 5 14
that) hé thong 1am viéc & ché d6 1, khi cdy phat trién 1én tir
khoang 1 m dén 1,6 m thi camera lam viéc & ché d 2, va khi
cdy phat trién trén 1,6 m thi h¢ thong lam viéc ¢ ché do 3. He
thong c6 thé nang camera 1én vi tri cao nhat 1a 170 cm so véi
mit dat.

e

Camera vé vj tri gbc

Ding 1 Ding DPing

I Chédl I | Chédj2 l I Chédd3 l

I I

Al nhan dién bénh phan
tring, bénh suong mai

® Gl inh anh Gin tin nhan
dén Email SMS

Khéng

'
Hinh 4: Luu d6 thuat toan hé thng gidm sat va canh bao bénh phén tring
va bénh suong mai trén cay dua chudt

Ché d¢ 1: Camera dugc dua xuéng Vi tri thép nhét 1a cach mat
dat 120 cm va xoay camera & vi tri 45° chup anh, dé nguyén
trang thai 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 d 2: Camera chup anh 1 & vi tri 45°, sau d6 quay dén vi
tri 90° chup anh tiép, tiép dén hé thong nang camera lén 25
cm dé chup anh tiép theo, sau d6 lai xoay camera xudng 45°

I Input ] | 416x616x3 l

Conv 3x3x32

Conv 3x3x64

Conv 3x3x64

—Ew 3x3x128
Conv 3x3x64
Conv 3x3x64

Conv 3x3x32
Conv 3x3x32

| Conv 3x3x256

Conv 3x3x128
Conv 3x3x128

chup anh, tiép theo hé thdng tién 1én 50 cm chup anh céc vi tri
nhu 1an ddu, cir tiép vay cho dén khi hét s cay.

Ché d¢ 3: Cling giong ché d6 2 nhung nang camera 1én 25 cm
nita va chup ¢ 3 vi tri la ¢ 45°, 90° va 145°.

Hinh 4, 14 luu d6 thuét toan hé théng giam sat canh béo cay
dua chudt bi bénh phén tre"lng va bénh suong mai hoat dong
trong nha luéi; trong d6 CP1, CP2, CP3 la cac ché do lam
viéc ctia h¢ théng camera phu thudc vao chiéu cao cay trong.
Sau khi h¢ thong chup hét cac vi tri cua cay, cac hinh anh s&
dugc qua thuat toan AI dé phat hién bénh phan tring, bénh
suong mai. Néu anh nao bi bénh s& dugc gui vao email, tiép
dén 1a tin nhdn canh bao ciy dua chudt bi bénh s& dwoc giri
dén dién thoai ctia nguoi quan 1y va két thuc. Ngoai ra néu cay
khong bi bénh hé théng s& két thic qua trinh lam viéc.

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

Thuét toan phat hién bénh phén tring va bénh swong mai dugc
ching t6i sir dung 1a thuat toan YOLO vé-tiny gdc va thuat
toan cai tién clia chung t6i dya trén YOLO v4-tiny gbc [16].
Trén Hinh 5, thé hién c4u trac thuat toan YOLO v4-tiny géc
(g0i 1a YOLO v4-tiny) gdm c6 38 16p 1a 21 16p Convolutional
(Conv), 11 16p Route, 3 16p Maxpooling, 1 16p Upsample, 2
16p YOLO. Trén Hinh 6, thé hién ciu triic thuat toan YOLO
v4-tiny cai tién ciia ching t6i (goi tit 1a Improved YOLO v4-
tiny), cau triic nay ciing gom céc 16p giéng véi YOLO v4-tiny
nhung da ¢ su thay d6i mot sé 16p két ndi véi nhau: ¢ thuat
toan YOLO v4-tiny thi 16p 34 1a 16p két ndi 33 véi 16p 23,
trong khi thut toan Improved YOLO v4-tiny 16p 34 1a 16p két
nbi 33 véi 16p 17.

D6 chinh xac trung binh (mAP) ciia mé hinh ¢6 mdi quan hé
Vv6i gié tri learning rate [17], gia tri ciia learning rate ndm trong
khoang 0.0 + 1, trong model YOLOV4-tiny gia tri learning
rate bang 0.00261. D6i véi mo hinh Improved YOLO v4-tiny,
gia tri learning rate s& dugc ching toi thay doi quanh gia
0.00261 va gi¢i han trong khoang tir 0.002 dén 0.003 dé tim
ra gia tri learning-rate phu hgp cho mo hinh ctia ching t6i.
Céc tham s6 khac cho qué trinh dao tao va kiém tra cia hai
md hinh dugc thé hién trong Bang 1.

YOLO

Conv 3x3x256 H Conv 1x1x24 }—‘I

Upsample

Conv I1x1x128

Conv 3x3x512 |- Conv 1x1x24 |-+

YOLO

Conv I1x1x256

[ conv 1x1x256 |

[ conv 3335512 |

Conv I1x1x64

Conv Ix1x128

— Maxpooling _“w—‘ Maxpooling —> Maxpooling

Hinh 5: Thuat toan YOLO v4-tiny gbc dé phat hién bénh phén tring va bénh swong mai trén cdy dua chudt
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mput | [ 416x416x3 |

Conv 3x3x32 -
-

Conv 3x3x256 H Conv I1x1x24 H YOLO
Conv 3x3x64
Conv 3x3x64
Conv 3x3x512 | Conv 1x1x24 |{  vOLO
b Conv 1x1x256
Conv IxIxI28 I Conv 1x1x256 I I Conv 3x3x512
i !
—~ @ | - @ | -
Hinh 6: Thuat toin YOLO v4-tiny cai tién cta chung t6i dé phat hién bénh phén tréng va bénh swong mai trén cdy dua chudt
B . L ik . . I[RNR'|
ang 1: Cac tham s6 dao tao va kiém tra ciia 2 m6 hinh IoU(R,R") = 4
. ’ [RUR/|
Tham so YOLO v4-tiny | Improved precision X recall
YOLO v4-tiny Fl-score= 2x — (5)
Momentum 09 0.9 precision + recall
Decay 0.0005 0.0005 s2 B
Batch_size 64 64 _ obj[Aj j Aj j
3 : loss == > > Wy [cllog(c]) + (1 - C})log(1 - )]
Activation funtion | Leaky ReLU Leaky ReLU i=0 j=0
Iterations 10000 10000 s2 B
Céc gia tri dé xac dinh trong s6 t6t dwoc thuc hién bang cac = Anoobj Z Z (1 - Wi(]-’b]) [C;log(CD
cong thte tir (1) — (6). Trong do: TP (true positive), FP (fault i=0 j=0
ositive), TN (true negative), and FN (fault negative), R 1a ~j j
positive), TN (true negative), and FN (fault negative), R + (1-8)log(1 - )]
vung dugc phat hién ctia hdp gidi han doi tugng, R ' 1a ving i 1
thuc cua hop gidi han doi tugng, mAP la gia tri trung binh ctia s? B & )
do chinh xéc trung binh (AP) khi mot 14 dwa chuot duge phat - Z Z we Z [Pl 10g (P/(©))
hién, S? 1a s0 6 ludi trong anh dau vac, B 1a s6 bounding box T pr
L O bj PR P o oA ) .
han t 1 2% ] t ct : -
gl:n an ro.ng mot .u'of, WI],. a,In? c '1uc .nAang cu?.dm tu’qng‘ _ (1 _ Pi'(c)) log (1 _ pi] (c))] +1
néu bounding box j cta ludi thir 1 phat hién ra doi tuong thi
W2 = 1 néu khong thi W = 0, C! va € 1an luot Ia diém p* (b, b&)
ij g ij s L i : 10U +———
tin cdy cua predicted box va diém tin cay cua truth box, c
A ; £ b L= R 2 gt 4
Anoobjla mot tham so trong so, P/(c) va P;/(c) la predicted ” (arctan ‘l/;/gt —— %)

probability va truth probability ma d6i tugng thudc phan loai
¢ trong bounding box thir j cua luéi thir 1, IOU 1a intersection
over union giira cac hdp predicted bounding box va truth
bounding box, w8 va h8 [a chiéu réng va chiéu cao truth
bounding box, w va h 14 chiéu rong va chiéu cao ciia predicted
bounding box, p?(b,bs") biéu thi khoang cich Euclidean
giita cac diém chinh gitra cua predicted bounding box va truth
bounding box, ¢ 1a khoang cach dudng chéo nho nhit ctia box
¢6 thé chira predicted bounding box va truth bounding box.

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

C

= - ; (6)[18]

4 w
1-10U + e (arctanw —arctan
Céac mo hinh duge dao tao trén cdu hinh phan ctng c6 thong
s0 nhu Bang 2. Qua trinh dao tao, tinh toan va kiém tra dugc
thyuc hién trén framework Darnet [16].

Bang 2: Céu tric phan cimg dao tao va kiém tra 2 mo hinh

Computer Configuration Specific Parameters
CPU Intel XEON

GPU GTX 1060

Hé diéu hanh Windown 10

B¢ nhé GPU 6 GB

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

4.1. Pao tao mo hinh

B di¥ li¢u dii dwge gin nhiin: 7936 inh

Anhcp ld dua
chydt bi
bénh sirong mai

|
| |
Moo

Anh ¢6 la dua
chudt bi

Anhco la dua
chudt binh
thuing

bénh phén tring

mAP,
precision,

Thudttodan YOL
Improved YOLO)

Thuit todn YOLOv4-tiny,

- ; recall,
Improved YOLO v4-tiny

Fl-score,
IoU, loss

Filetrong s&

Hinh 7: Luu dd qué trinh do tao va kiém tra hai mé hinh
B0 dir lidu ctia chiing t6i gdm 7936 anh véi 3 16p 14 anh 1 bi
bénh phan trang, 14 binh thudng va la bi bénh swong mai dugc
chup tir cac thiét bi dién thoai, may anh c¢6 do phan giai khac

nhau; cac anh dugc gén nhén va chia bo dir liéu thanh 80%
anh dé dao tao, con 20% anh dé kiém tra. Trén Hinh 7 biéu
dién b dir lidu ctia qua trinh dao tao va kiém tra cua hai mé
hinh.

Trén Hinh 8 14 két qua mAP khi dao tao mé hinh YOLO v4-
tiny v6i learning rate bang 0.00261 va mé hinh Improved
YOLO v4-tiny voi gia tri learning rate khac nhau trong
khoang 0.002 dén 0.003, két qua cho thay d6 chinh x4c trung
binh mAP cua m6 hinh YOLO v4-tiny 1a 83.06%, m6 hinh
Improved YOLO v4-tiny cho d¢ chinh xac trung binh mAP ¢
gié tri learning rate bang 0.00222 va 0.0028 lan luot 13 83.28%
va 83.43% cao hon so voi md hinh YOLO v4-tiny 1a 0.22%
va 0.37%. Bang 3 biéu thi chi tiét cac thong sé dao tao cua 2
mb hinh nay, két qua di cho thdy thém kich thudc cua hai mo
hinh 1a khong thay doi bang 22.4MB, gia tri recall cua
Improved YOLO v4-tiny cao hon, trong khi gia tri precision,
Fl-score va average IoU thdp mét it, diéu nay khong anh
huéng nhiéu dén bai toan. Ham loss ctia 2 md hinh thé hién
trén Hinh 9 va Hinh 10 13 twong ddng nhau. Con Hinh 11, thé
hién mot s két qua kiém tra cua 2 thuat toan, nhan théy mo
hinh cai tién ctia chiing t6i phat hién 14 dwa chudt bi bénh tot
hon so v&i m6 hinh YOLO v4-tiny.

= mAP Improved YOLO vé-tiny mmAP YOLO vd-tiny

8328

. 8282 82!

82.63 8259

222 223

8248
8230

228 233

200 211 219 221

83.43
83.04
8294
8288 . 8287
| SQ4 |
| =
244 251 261 270 275 280 285 3.00

Leaming rate (x107)

Hinh 8. Biéu dién mdi quan hé giit learning rate v6i mAP ctia mé hinh Improved YOLO v4-tiny va learning rate = 0.0261 ctia mé hinh YOLO vé4-tiny

— I3

-83% —

5 82% — = 3
Z8I% e
% %% g

64%

N

Hmh 9: D) thi lam loss va mAP cua YOLO v4-tiny
v6i learning rate = 0.00261

9000 10

|82% 827

e x| —
70% 80% B0%

40

Hmh 10: Do th1 lam loss va mAP cua Improved YOLO v4 tmy
v6i learning rate = 0.00280

Bang 3: Két cua cac thong s6 mAP, precision, recall, F1, IoU cua 2 m6 hinh

Model Learning rate mAP precision recall Fl-score | averageloU | Modelsizes (MB)
YOLO vé4-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 46.97 224
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YLO v4-tiny

4.2. M hinh phin cirng va thwe nghiém

M0 hinh nha ludi thue nghiém trong nghién ctru nay co kich
thudc 10x5x3.5, duoc trong dua chudt theo phuong phap thity
canh, hé théng cung cz‘ip dinh dudng duoc thyc hién ty dong
qua hé thong ti diéu khién logic kha trinh (PLC). Hinh 12,

o . Improved YOLO v4-tiny
Hinh 11: Mot so ket qua kiém tra phat hién bénh cua 2 mo hinh

cho mot sb hinh anh hé théng duoc thiét ké va qua trinh thuc
nghiém hé théng giam sat bénh trén cay dua chudt trong trong
nha Iudi véi cc giai doan phat trién cia cy. Dua chudt trong
trong nha Iudi c6 xuat hién bénh phan tréng tir giai doan 2. Hé
thong da duoc dua vao dé thir nghiém, hinh anh thu duoc tir
hé théng véi camera PI 5SMB di duoc cho lan lugt 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 thyc nghiém voi 2 thuat toan cho
thiy, thuat toan Improved YOLO v4-tiny da cho két qua nhan
dién t6t hon. Trén Hinh 13 1a mot s6 két qua, cho thay cac 14
bi bénh phén tring ddi véi thuat toan YOLO v4-tiny khong
phat hién dugc trong khi thuét toan Improved YOLO v4-tiny
da phat hién ra. Bang 4, két qua so sanh 2 mé hinh trén phan
cling Raspbery PI 4 c6 RAM 1GB, cho thiy tc d¢ xir 1y cua
Raspbery trén 2 mé hinh 1 twong dwong nhau, didu nay ciing
pht hop vi kich thude trong sé mé hinh la bang nhau 22.4 MB
(Bang 3). Hé thong ciing da hoat dong tét v6i viée giri tin nhin
khi phat hién ra bénh phin tring trén ciy dua chudt cho nha

quéan 1y qua tin nhin SMS. Pdng thoi hinh anh bi bénh ciing
dugc gl to1 email ciia nguoi quan 1y dé xac thuc va theo doi

(Hinh 14).

Bing 4. So sanh kha ning xir I hai thuat toan trén phin ctng

Raspberry Pi 4, 1GB RAM

M5 hinh Thoi gian trung S(’:i khung hinh
binh xir ly 1 anh | hién thi trong mjt
(gify) gidy (FPS)
YOLOV4-tiny 0.659 2.510
Improved YOLOV4-tiny 0.661 2.502
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YOLO v4-tiny

Improved YOLO v4-tiny A

Hinh 13: Két qua thuc nghiém phat hién bénh cua hé théng vGi 2 mo hinh

il Viettel T n:20 @avm

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

Dua chuot bi benh phan trang

(O ) ()

Hinh 14: Két qua 14 bi bénh dugc giri 1én email va tin nhin dugc giri cho ngudi quan 1y

= M Gmail Q,  Tim kiém trong thu
«
} soanthu
0O Hépthedén &
% C6gandiusao
© obdataman
> Dagui
B Thunhip
v Danh sich mé rong
Meet
= Cudc hop méi
& Tham gia cudc hop
Hangouts
lesn +
day
B: mét cudc mei
7
5. Két lua
. Ket luan

Thuat toan YOLO v4-tiny cai tién di dugc tich hop thanh
cong vao hé théng giam sat va canh bao bénh swong mai va
bénh phén tréng trén cady dua chudt. Hé théng da dugc thir
nghiém thuc té tai mot nha kinh tai Hoc vién Nong nghiép
Viét Nam. Két qua budc déu cho thay hé thong da hoat dong
t6t, do chinh xac nhan dang cac loai bénh trén cay dua chudt
dat t61 83.43%. Chiing t6i da budc dau xay dung dugc bd co
s¢ dir liéu vé céc bénh trén cdy dua chudt, cac anh thu thap
duoc danh sb, ghi thugc tinh dé phuc vu cac nghién ctru tiép
theo. Két qua dat dugc trong nghiém clru nay la tich cuc,
chiing thé hién kha ning ing dung cac thudt toan sir dung tri
tu€ nhan tao (Al) vao cac hé théng giam sat, canh bao bénh
trén ciy dua chudt voi phan ctng don gian. Didu nay mo ra
co hoi dé dang 4p dung trong diéu kién thyc té & Viét Nam do
chi phi thyc hién hé thong véi gia thanh thap.
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