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Tém tit:

Nghién ciru xdy dung b dir liéu thure dia va danh gid mé hinh nhdn dang giai doan sinh truéng ciia cdy bdp
cai nham phuc vu robot phun dinh duong chinh xdc. Bai viét tw thu 7.225 anh thuc dia tai Mé Ha va hop
nhat véi 1.786 anh UAV thanh b 9.011 dnh, 16.616 nhan theo 5 giai doan. Trong 5 mé hinh phat hién déi
twong duoc so sanh thi YOLOvSn dwoc chon nho can bcfng do chinh xac (mAP 85,6%) va toc dg, toi wu bdng
TensorRT FP16 dat khodng 21 FPS trén Jetson Nano. Két qua thuc nghiém cho thdy, hé thong dat ¢ chinh
xac nhan dang trén 90% va sai léch vi tri phun duwci 1 cm. Nghién cieu gop phan xdy du"ng co so dir liéu va
cung cdp gidi phdp nhdn dang phit hop cho cdc hé thong robot néng nghiép, tao tién dé cho viéc iing dung
cong nghé tri tué nhdn tao trong canh tac chinh xac.

T khoéa: nhdn dang doi twong, hoc sau, YOLO, bdp cdi, néng nghiép chinh xdc.

Field dataset and cabbage growth stage recognition for nutrient spraying
robots

Abstract:

Accurate identification of cabbage growth stages is essential for precise fertilization, and its effectiveness
depends directly on training data. This study constructs a field dataset and evaluates models for
recognizing cabbage growth stages to support precision nutrient spraying robots. A total of 7,225 field
images collected at Me Ha were combined with 1,786 UAV images, forming a dataset of 9,011 images with
16,616 annotations across five growth stages. Among five object detection models, YOLOv8n was selected
due to its balance between accuracy (mAP 85.6%) and speed, achieving approximately 21 FPS on Jetson
Nano after TensorRT FP16 optimization. Experimental results show over 90% recognition accuracy and
spraying position deviation below I cm. The study contributes to dataset development and provides a
suitable recognition solution for agricultural robotic systems, enabling the application of artificial
intelligence in precision farming.

Keywords: object detection, deep learning, YOLO, cabbage, precision agriculture.
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1. Pit van dé

Boén phan trong san xuét rau phan 16n van dwa vao kinh nghiém va thao tac thu cong. Vi bap cai, cac
ciy trong cung mot luéng thudng phat trién khong déu, dong thoi nhu ciu dinh dudng thay doi rd theo
ting giai doan, nén bén ddng loat d& gay thira cho ciy non va thiéu cho cay 16n. Viéc nhin dang dung giai
doan cua tirng cdy bang mét & quy mo 16n 1a khong kha thi. Hoc sau va thi giac may tinh cho phép tu dong
hoa khau nay va da dugc chimg minh gitp ting ning suét, giam 10 dén 20% luong vat tu nhd tac dong
dung vi tri (Vatin N. I, et al., 2024). Riéng véi béap cai, cac md hinh YOLO di dugc dung dé phat hién va
dinh vi cay ngoai dong (Lu Y., 2020).

Hiéu qua cua cach tiép can nay phu thudc truc tiép vao dit liéu hun luyén. Camera nhan dang duogc
gin trén robot, chia xudng quan sat tan cdy trong ving phun, nén cho mét goc nhin tir trén xubng & cu ly
gan. Céac b dit lidu bap cai cong khai tuy ciing chup tir trén xudng nhung cha yéu & diéu kién nén sach,
it nhiéu va trén s6 giéng han ché (Yokoyama Y., et al., 2024), khac véi d(‘”)ng rudng thyc noi co nén dat
phtec tap, c6 dai, 14 chdng chéo va anh sang thay d6i. Khoang cach mién nay nam chi yéu ¢ diéu kién moi
truong va do da dang gidng cht khong phai & hudng nhin, lam giam kha ning tdng quat hoa khi trién khai.
Vi viy, dong gop chinh cua bai bao 1a quy trinh tu xay dung mdét b dir li€u thuc dia cho b:flp cai tai Viét
Nam va hop nhit n6 véi nguén UAV dé tang tinh da dang. Trén nén dir liéu d6, nhom tac gia huan luyén
va so sanh 5 md hinh phat hién déi tuong, chon YOLOvV8n va tich hop 1én mdt robot phun dinh dudng
dung Jetson Nano va Arduino. Phéan trong tim duoc trinh bay 1a cach xay dyng bd dir liéu va anh hudng
td1 hiéu nang nhan dang.

2. Phwong phap nghién ciru

2.1. Déi twong nghién ciru

Déi tugng nghién ctru 12 bap cai cudn tron (Brassica oleracea nhom capitata), rau chi luc vu Dong
Xuan ¢ mién Béc. Dya trén tai lidu ctia Andaloro va cong su (1983) cing thang BBCH (Liiling N, et al.,
2023), qué trinh phat trién duoc chuan hoa thanh 5 giai doan nhan biét qua anh RGB va dung lam 5 16p
nhan: S2 3 (cdy con, tan hep), S4 5 (trai 14, md tan), S6_7 (bat dau cudn bap), S8 (bip hinh thanh rd) va
S9 (bép cudn chat). Ranh gidi gitia cac giai doan thé hién qua mit o va hinh dang 14, mac do cudn bép,
1a nhitng ddc trung ma mé hinh phai hoc dwgc dé phan biét. (Hinh 1)

Hinh 1. Bip cdi giai doan S2_3 (trdi) va S4_5 (phdi)
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2.2. Xdy dwng bo dir liéu

bay la phﬁn dir 1i€u ty thu thap, dong vai tro cbt 16 trong nghién cuu. Anh duogc chup truc tiép tai khu
canh tac cia lang rau Mé Ha (Yén Phu, Yén M¥, Hung Yén) dung chinh vy, be"mg dién thoai Samsung
Galaxy S21 5G v&i 2 dng kinh goc siéu rong va goc rong. Anh chii yéu duge chup tir trén xudng & cu ly
gan dé bam sat goc nhin gan thang ding ctia camera nhan dang trén robot, dong thoi ¢ thém cac anh chup
nghiéng khoang 45° va ¢ 2 muc phong dai 0,5x va 1,0x nham ting do da dang vé goc chup va kich thudce
tan. Nho vay, phan bd anh trong tap huin luyén vira g?m voi dir liéu robot thye sy gap khi vén hanh, vira
du da dang dé mé hinh bén hon trudce sai léch lép dat va rung lac.
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Pugc thu ngay trén dong rudng thuc, bo M& Ha phan anh diy du cac yéu t6 phirc tap ngoai dong: co
dai ban dia, tan du thuc vat, dit khi 4m khi kho, 14 cta cac cay lién ké chong 14n, va anh sang bién dong tir
ning git t6i chiéu mudn. Tong cong 7.225 anh di dugc thu thap. Phin 16n cay thudc 2 gidng F1 phd bién
1a KK689 va New Cross, nén hinh thai giita cdc cdy trong cung ruong kha twong dong; diéu nay giap mo
hinh hoc dic trung tirng giai doan d& hon, nhung ciing tiém an nguy co 18 thudc vao dic diém gidng néu
chi dung riéng ngudn dit liéu nay. D6 chinh 14 1y do can két hop thém mot ngudn da gidng.

Ngudn thir hai Iy tir tap anh bip cai cong bd boi Yokoyama va cong su (2024), gdm 456 anh chup
thing ding 90° tir UAV tai Gifu (Nhat Ban) voi nhiéu giéng thuong mai khac nhau. Vi anh UAV ciing 1a
goc nhin tir trén xudng, ciing hudng véi camera ctia robot, ngudn nay bd sung sy da dang hinh thai nhiéu
giéng ma bo M& Ha con thiéu; khac biét duy nhat can xu Iy 13 ¢& vat thé. Do mdi anh gdc bao quat dién
tich rong nén timg cdy kha nho; khi thu nho anh dé dua vao mé hinh, thong tin hinh thai bi suy giam, giy
kho cho céc kién trac phu thudc kich thudc vat thé nhu YOLO. Nhom tac gia cit cac anh gdc thanh anh
con sao cho mdi anh chi chtra 1 dén 2 cdy, loai bo anh tréng hodc qua mo, thu duoc 1.786 anh sau két xuét.
Budc nay vira ting mat do thong tin, vira dua kich thude vat thé cia anh UAV vé gan v6i anh mat dat, khép
lai chénh 1éch ¢& vat thé vén 1a khéac biét chinh gitra 2 nguén. (Hinh 2)

Hinh 2: So sanh dnh két xudt tic UAV (trdi) va anh thuwe té tai Mé Ha (phdi)

Toan bd anh duoc gan nhan thil cong trén nén ting Roboflow theo 5 16p néi trén. DE giir tinh nhat quan,
nhom tac gia dat 2 quy tic: voi anh UAV da két xuat, chi gan nhitng cdy xuat hién tron ven hodc bi che
khong qua 30% & mép anh nham tranh nhiu khi tinh ToU; véi anh M& Ha c6 14 chdng 1an, hop bao duoc
hiéu chinh dé tach rd cac ca thé lién ké. Tat ca anh dugc dua vé cing hudng theo thong tin EXIF va chuan
hoéa kich thudc 480x480 pixel, kich thudc dii 16n dé giit chi tiét hinh thai nhung van nhe cho thiét bi nhing
(Liiling N., et al., 2023).

V& ting cuong dit lidu, nhém tac gia ap dung chién luge tuy theo kién triic. Trong 2 mé hinh co s&
Faster R-CNN va SSDLite MobileNetV3 duoc gitt nguyén dit liéu gbc dé thiét 1ap mot dudng co s khach
quan. Nhém YOLO dung thém k¥ thuat ting cudng dir lidu nhung c6 tiét ché: giam cudng do ghép anh
kham, tit hoan toan k¥ thuat tron diém anh trén cac bd nho va chi gilt cac phép bién ddi hinh hoc, mau sic
0 muc nhe. Ly do 1a vi€c phan biét cac giai doan phu thudc vao nhiing dac trung tinh té nhu mat do 14 va
d6 cudn bap, ting cudng qua manh d& 1am bién dang chinh cac dic trung do6.

B6 hop nhét duoc tao bfmg cach goOp toan bg 2 ngu@)n, gém 9.011 4anh va 16.616 nhin, nham tan dung
déng thoi tinh chudn hoa cia anh UAV va tinh da dang moi truong cua anh thyc dia. Pac tinh 3 b dir li€u
dugc tom tit trong Bang 1. Mot diém quan trong 13 2 ngudn dugc chon dé twong phan cé chua dich trén
ciing mot hudng nhin tir trén xudng: UAV nhiéu gidng nhung nén sach va chup tir trén cao, con M& Ha chi
2 gidng nhung & cu ly gan voi nén nhiéu cao. No6i cach khac, su khac biét giita 2 ngudn nam & giong va do
phtc tap ciia nén chir khong phai & hudng quan sat; chinh sy twong phan nay vé sau dugce ding dé phan
tich kha ning tong quat héa cia mo hinh. (Bang 1)
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Béng 1. Pac tinh ctia 3 b dir li€u

Dic diém B UAV B6 Mé Ha (tw thu) Bb hop nhat
Nguén UAV, Gifu (Nhat Ban) Samsung S21, Mé Ha Téng hop
Sé anh 1.786 (sau két xuat) 7.225 9.011
Gibng cay Nhiéu gibng thwong mai F1 KK689, New Cross Pa dang
Hwéng nhin T trén xudng 90° Tw trén xudng 90°/45° T trén xubng
M@i trworng Nén sach, it nhiéu Nhiéu cao (¢, béng...) Pa dang

MJi bd dugc chia theo ty 1€ 80% huén luyén, 10% xac thuc va 10% kiém tra ndi bo, phan chia phan
tang dé giir cAn bang 16p. Thong ké trén bo hop nhat (Bang 2) cho thiy, cac 16p phan bd kha déu, mdi giai
doan chiém khoang 17% dén 23%, nén mo hinh khong bi hoc 1éch vé giai doan nao. Ngoai 3 b trén, mot
tap kiém thir doc 1ap gém anh va video hoan toan méi, khong thudc bat ky phan chia nao, dugce dung riéng
dé danh gia mu kha ning tong quat héa khi trién khai.

Bing 2. S6 lwgng nhin theo tirng giai doan

Giai doan Mé Ha UAV Hop nhat
S2 3 3.047 628 3.675
S4 5 3.156 731 3.887
S6 7 1.970 817 2.787

S8 2.680 628 3.308
S9 2.306 653 2.959
T6ng 13.159 3.457 16.616

2.3. M hinh va huén luyén

Khi 5 mé hinh dugc chon dai dién cho 2 huéng phat hién d6i trong. Nhom 2 giai doan c6 Faster R-CNN
R50-FPN (Jiang P., et al., 2024), 6 chinh x4c cao nhung suy ludn cham. Nhom mot giai doan gém SSDLite
MobileNetV3 (Ren S. et al., 2015; Liu W, et al., 2015) va 3 phién ban nano ctia ho YOLO la YOLOv5n,
YOLOV8n, YOLOvI11n (Redmon J., et al., 2015; Ultralytics, 2024) chi xét bién thé nano vi dich trién khai la
Jetson Nano. So véi YOLOv5n dung hop neo, YOLOvSn chuyén sang thiét ké khong neo véi dau tach roi,
con YOLOv11n cai tién thém khéi trich xuat ddc trung, hitu ich khi cdy bi 1a che khuat.

Toan bd mé hinh duge huin luyén trén GPU Tesla T4, str dung cac trong sb tién hudn luyén trén COCO
(Lin T. Y., et al., 2014). véi cing kich thudc anh dau vao 480x480. Céc siéu tham sd nhu kich thudc 19, sd
vong lap va lich tdc d6 hoc duge diéu chinh theo quy mo tung bo dit liéu; cac co ché dung sém, theo doi
mAt mat trén tap xac thuc va luu mé hinh tdt nhat dugc 4p dung thdng nhét dé bao dam so sanh cong bang.

2.4. Kién tritc hé théng va dnh xa diéu khién

Mo hinh da chon dugc tich hop 1én robot theo kién trac diéu khién phéan cip. May tinh nhing Jetson
Nano chay YOLOvV8n trén TensorRT, nhan anh tir camera, phat hién cdy va giai doan, dung mgt bd theo
ddi dé gan ID 6n dinh cho timg cdy rdi ra quyét dinh phun. Cac quyét dinh dugc giri xudng Arduino Mega
2560 qua UART; Arduino diéu khién dong co budc va bom theo thoi gian thuc bang kién triic da nhiém
FreeRTOS két hop ngét Timer. Vi tri phun dugc xac dinh qua mot mo hinh anh xa tuyén tinh tir toa do
pixel sang sé xung dong co, hiéu chuin bang 2 diém bién do dugc. Co ché gan ID bao dam mdi cay chi
duoc phun mot lan trong mét lugt di qua.

3. Két qua va thao luin

3.1. Pdnh gid hiéu sudt cdc mé hinh

Céc mb hinh dugc danh gia bang mAP@0.5, mAP@0.5:0.95 (trung binh trén nhiéu ngudng IoU, phan
anh mutrc 0m sat cia hop), Recall, cing FPS hé théng do truc tiép trén ludng video. Bang 3 tong hop két
qua trén bo hop nhat.
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Biang 3. P chinh x4c va tbc dd hé thong trén b hop nhét

Mé hinh mAP@0.5 (%) mAP@0.5:0.95 (%) Recall (%) FPS
Faster R-CNN 90,2 78,9 85,7 7,3
SSDLite MobileNetV3 91,4 67,4 78,1 23,5
YOLOV5n 94,0 85,0 92,3 415
YOLOV8n 94,5 85,6 91,5 50,7
YOLOv11n 95,0 86,5 91,0 46,1

Két qua cho thay, vai tro cia cach xay dung dit liéu. Trén riéng bd Mé& Ha nhiéu nhidu, nhém YOLO
gitt duoc mAP@0.5:0.95 quanh 87 dén 89%, trong khi Faster R-CNN giam con khoang 81,6% va SSDLite
MobileNetV3 chi dat 69,4% do dinh vi hdp kém trong nén phtc tap. Trén bd hop nhét, noi mé hinh phai
xtr 1y dong thoi 2 ngudn khac nhau vé gidng va do phirc tap cia nén, YOLOv11n va YOLOv8n van dan
dau véi mAP@0.5:0.95 lan luot 86,5% va 85,6%. Viéc gilt d6 chinh xac cao trén ca 2 nguén cho théy mo
hinh hoc dugc dic trung hinh thai on dinh cta cdy thay vi 1é thudc vao mot giéng hay mot kiéu nén, va day
chinh 1a gia tri ctia by dir licu da nguén tu x8y dung: bugc mo hinh téng quat hoa qua nhiéu giéng, nhiéu
diéu kién nén va ¢ vt thé.

3.2. Téc d@é, lwa chon mé hinh va toi wu TensorRT

Vé tdc @0, ca 3 bién thé YOLO déu dat FPS hé thong trén 40, trong khi Faster R-CNN chi khoang 7,3
FPS va SSDLite MobileNetV3 khoang 23,5 FPS. Can nhéc gitta d chinh xac va tde do, YOLOv8n duoc
chon dé trién khai: n6 nhanh nhét (50,7 FPS) trong khi mAP chi thip hon YOLOv11n dudi 1%, dong thoi
tao ving dém an toan khi chuyén sang phan cing yéu hon. Sau khi chuyén sang engine TensorRT & ché do
FP16, toc d6 suy luan thuin trén Jetson Nano ting tir 26,8 1én 36,0 FPS so voi FP32 (day 1a toc do engine
thuan; tdc do toan hé thdng trén robot s& thdp hon do chi phi doc anh va tién xtr Iy va hau xu 1y), voi chit
lugng phat hién gan nhu gitr nguyén. Trén tap kiém thir doc 1ap (Hinh 3), ca 5 mod hinh déu khong nhan
nham nén thanh cay; nhém YOLO cho hdp bam sat tan 14 va duy tri dinh danh ting cy 6n dinh trén ludng
video, phu hgp cho robot di dong.

3.3. Thuc nghiém tich hop trén robot

Thyc nghiém trén robot that cho thiy, sai 1éch vi tri tia phun theo phwong ngang nam trong khoang vai
milimét dén khoang 1 cm, chap nhan dugc vdi tia phun téa nhe va kich thudc tan bip cai. Khi ngudn cap
6n dinh, téc @6 YOLOvSn trén TensorRT dat trung binh khoang 21,3 FPS; khi nguén khong bao dam va
hé théng tu ha xung nhip, téc d6 con khoang 16,3 FPS, nhung & ca 2 truong hop do chinh x4c nhan dang
giai doan van giir trén 90%. Hé thong dd khép kin dugc chudi nhan dang, quyét dinh phun va diéu khién
co céu chip hanh trén nén tang robot thuc (Hinh 4).

Hinh 3. Két qud nhén dang giai doan sinh Hinh 4. Robot vin hanh thuc té trén
truéng ciia cdc mé hinh trén dnh kiém thit. luéng bip cdii
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4. Két luan

Bai viét da trinh bay quy trinh ty xay dung mot bo dir liéu thuc dia cho cay bap cai va hop nhét nd voi
nguén UAV, tao thanh b 9.011 anh véi 16.616 nhan theo 5 giai doan sinh trudng. Két qua thyc nghiém
cho thay, tinh da ngudn va sat thyc dia cia bo dir liéu giap mé hinh téng quat héa tét qua nhiéu giéng va
diéu kién nén; trén nén dit liéu d6, YOLOv8n duge chon va tdi vu bﬁng TensorRT dé chay thoi gian thuc
trén Jetson Nano, cho d6 chinh x4c nhén dang trén 90% va sai l&ch vi tri phun dud¢i 1 cm khi tich hop [én
robot. Huéng phat trién tiép theo 1a mo rong dir lidu sang nhiéu gidng, nhidu vu va cac diu kién khic
nghiét hon, ddng thoi thuc hién dbi ching dinh luong gitra phun bang robot va phun thu céng vé nang sudt
va muc tiét kiém vat tum

Loi cam on: Nghién civu nay dwoc tii tro béi Trwong Pai hoc Cong nghé, Pai hoc Quoc gia Ha Nji
theo dé tai mé s6 CN24.20
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