DOI: 10.31276/VJST.2025.3727 Khoa hoc tw nhién | Khoa hoc may tinh va thong tin
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Tom tiit:

Nong nghiép 1a nganh Kinh té trong diém ciia Viét Nam, nhung dang phai déi mit
v6i thach thirc nghiém trong tir siu bénh - nguyén nhan gy ra nhirng ton that vé
niing suit ning né, anh hwong dén GDP va xuit khau. Viéc phat hién va chin doan
bénh s6m 12 yéu td sdng con dé trién khai cac bién phap can thiép kip thoi, giam thiéu
thiét hai. Tuy nhién, cic phwong phap truyén thong dang phu thudc nhiéu vao con
nguoi, diéu dé giy ton thoi gian, hiéu suat thap va chi phi ton kém, dic biét khi ap
dung trén quy mé lén. Pé giai quyét thach thirc nay, nghién ctru ciia ching toi dé
xuit mét giai phap tw dong dwa trén hoc siu, sir dung kién triic phat hién doi twong
thoi gian thwe YOLO. M6 hinh dwoc huan luyén va danh gia trén mot bd dir liéu 16n
chira bénh ciia cac ciy trong chién lwogc ciia Viét Nam 1a lda, ca phé va ché. Két qua
trén tip danh gia rit cao, cu thé do chinh xac 1a 0,987 va dd chinh xac trung binh
mAP50 13 0,984. Qua d6, khing dinh hiéu suit vwgt trdi va tiém ning to 16n trong
viéc x4y dung cac hé thong giam sat cAy trong thong minh, c6 kha ning giai thich va
mé rong ¢ Viét Nam.
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Abstract:

Agriculture is a key economic sector in Vietnam but is increasingly confronted with
significant challenges from pests and diseases, which lead to substantial yield losses
and negatively impact both GDP and exports. Reports indicate that prevalent
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diseases, such as rice blast, can result in yield reductions of 50-100%, while coffee
dieback can decrease productivity by up to 75%. Early detection and diagnosis are
critical for timely intervention to mitigate such damages. Nevertheless, traditional
methods are predominantly manual, making them time-consuming, inefficient, and
costly, particularly for large-scale applications. To address these challenges, this
study proposes an automated solution based on deep learning, utilizing the YOLO
real-time object detection architecture. The model was trained and evaluated on an
extensive dataset of Vietnam’s strategic crops, including rice, coffee, and tea. The
experimental results demonstrated high performance, with an accuracy of 0.987 and
an mAPS0 of 0.984. These findings confirm the model’s superior performance and
its potential for developing intelligent, explainable, and scalable crop monitoring
systems in Vietnam.

Keywords: leaf disease detection, smart agriculture, xAl, yolo.

Classification number: 1.2

1. Pit van dé

Nong nghiép dong mot vai trd khong thé thiéu trong viéc cung cap luong thuc va
nguyén lidu trén toan thé gidi, dac biét 1a Viét Nam. Céc bao céo tir nhing nim gan day
cho thay tinh hinh dich bénh trén cay trong ¢ Viét Nam van dién bién phuc tap, giy hai
cho cay trong va anh hudong dén san luong ciing nhu kinh té ctia nguoi néng dan [1]. Trong
d6, nhitng bénh phd bién nhu dao on lua co thé gay that thoat tdi 50-100% san luong [2],
hay bénh kho canh, kho qua trén ciy ca phé c6 thé lam giam ning suét téi 75% [3]. Trong
bdi canh do, viée phat hién sém va chinh xac cac mam bénh 1a yéu t6 then chdt dé co bién
phap can thiép kip thoi, dam bao chat lwong nong san, dong thoi kiém soat dugc luong
thudc trir sau sir dung cho cdy bénh, tranh tinh trang phun thudc dong loat, tir 46 giam
thiéu thiét hai cho moi truong dét. Bén canh d6, viéc ung dung cong nghé va tri tué nhan
tao trong viéc chan doan dich bénh trén cdy trong s& gitip tao ra nong nghiép thong minh,
hd tro viée tao ra nang suét cao.

Trong nhiéu nam, phuong phap tha cong chu yéu dwa vao quan sat va kinh nghiém
cua cac chuyén gia hodc nguoi nong dan. Mac du cé gia tri, phuong phép thu cong nay
van con nhiéu han ché: (1) ton thoi gian va chi phi nhan cong cao; (2) phu thudc vao kinh
nghiém chti quan, dan dén kha ning chan doan khong nhat quan; (3) ¢ do tré thong tin
16n, khoé c6 kha nang mo rong trén cac vung canh tdc quy mo 16n [4]. Mdc du cac phuong
phap thi gidc may tinh truyén thong da dugc dé xuat, chung thudng yéu cau cac budc trich
xuét dic trung thi cong phuc tap [5] va to ra kém hiéu qua trong cac diéu kién thuc dja
khong duoc kiém soat [6].

Su trdi day cua cac md hinh hoc sau (Deep Learning), dic biét 1a Mang no-ron tich
chap (CNN), da tao ra mdt cudc cach mang trong linh vyc nhan dang hinh 4nh va mé ra



DOI: 10.31276/VJST.2025.3727 Khoa hoc tw nhién | Khoa hoc may tinh va thong tin

huéng di dot pha cho viéc chan doan bénh cay trong ty dong [7]. Nhiéu cong trinh da
chirng minh kha nang ctia CNN trong viéc phan loai bénh véi d chinh xac cao. Tuy nhién,
viéc trién khai cic mo hinh nay trong diéu kién thyc té tai Viét Nam vap phai nhiéu thach
thirc dang ké [8]. Tht nhét, dir liéu hinh anh thu thap tir nguoi dung cudi rat da dang vé
thiét bi, géc chup va diéu kién 4nh sang, doi hoi mé hinh phai c6 kha ning khai quat hoa
cao dé hoat dong cho mdi truong thay dbi [9]. Thir hai, cac tridu ching hinh thai ciia mot
s6 loai bénh & giai doan dau rat giéng nhau, d& gy nham 13n [10]. Thi ba, kich thudc cua
cac ddm bénh bién doi 16n, tir vai pixel dén chiém tron cé 14, yéu cau mé hinh phai c6 kha
ning phat hién ddi twong da thang do [11]. Thir tu, bdi canh phirc tap voi 14 cdy chong
chéo va nén nhiu doi hoi kha ning dinh vi déi twong chinh xac [12]. Thi nim, yéu cau
vé hiéu qua tinh toan 1 mot rao can thuc tién, mo hinh can c6 kha nang suy luan thoi gian
thuc trén cac thiét bi c6 tai nguyén han ché nhu dién thoai di dong [13]. Cudi cung, ban
chét “hdp den” ctia cdc md hinh hoc sau 1a mot thach thure 16n, vi thiéu tinh dién giai khién
ngudi ding kho tin tudng vao cac chuan doan cia mo hinh, 1am giam kha nang chap nhan
va trién khai cong nghé [14].

Trong cac bai toan vé nhan dang d6i trong duoc chimg minh qua cac tap dir lidu
COCO, cac mo hinh c6 mAP cao ciing bi sut giam hiéu suat nghiém trong (1én t6i 55,7%)
[15]. Piéu nay cho thdy mé hinh can phai c6 mot kha ning chdng chiu tot v6i thach thire
vé su da dang dit li¢u. Nghién clru nay dé xuit mot hé théng phat hién bénh ty dong dya
trén kién trac YOLOVS8 [16], mot trong nhitng mo hinh phat hién ddi twong mét pha (one-
stage) tién tién nhat hién nay. YOLOVS8 duoc lua chon vi kha nang can béng vuot troi gitra
tbc do va do chinh xéc, cling nhu hiéu qua trong viéc phat hién cac dbi tuong co kich thude
da dang. Pong gop chinh cua ching t6i bao gom:

- Panh gia m6 hinh YOLO va tng dung dé phat hién da bénh trén ba loai cdy trong
chién lugc cua Viét Nam: lGa, ca phé va cheé. Két qua dat duoc ty 16 mAP50 cao va nhit
quan: 0.984 trén cay ca phé, 0.983 trén cay lua va 0.991 trén cay che.

- Ap dung va danh gia cac phuong phéap giai thich Grad-CAM va HiResCAM cho
mo hinh YOLOVS trong bai toan nay, lam tdng tinh minh bach va tin cy ctia mo6 hinh.

- Giai thich va lam r6 cac d§ do dugc st dung trong viéc gidi thich Grad-CAM va
HiResCAM cua mo hinh.

Tiép theo, trong phan 2, chiing tdi s& trinh bay cac cong trinh nghién ctru lién quan
tap trung vao cac thach thirc ma chung t6i dang gip phai. Phan 3, chung toi s& trinh bay
vé kién trac ctia mé hinh YOLOV8 duoc st dung, cac ki thuat ting cuong dit lidu va mo
hinh xAI dugc sir dung trong dé xuat ctia ching t6i. Phan 4 va 5 s& trinh bay thyc nghiém,
thao luan cling nhu phan tich va két luan vé nghién ctru nay.
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2. Cac cong trinh nghién ctru lién quan
2.1. Cdi tién kién triic mé hinh cho méi trwong phirc tap

Pé giai quyét cac thach thic trong viéc phat hién bénh trén cdy tréng trong moi
truong nong nghiép phire tap, nghién ctru ciia Miao va cong su (2025) [12] da dé xuat mot
kién tric YOLOVS cai tién c6 tén 1a SerpensGate YOLOVS. Cac mdi trudng thuc té thuong
c6 nhiéu yéu td gy nhiéu nhu canh, 14, va qua che khuat ving bénh, doi héi mé hinh phai
c¢6 kha nang nhan dién cac dic trung phirc tap. Nhan thay nhitng han ché nay, cac tac gia
da thyc hién ba cai tién quan trong cho kién trac YOLOvS gbc:

- Tich hop Dynamic Snake Convolution (DySnake Conv) vao mo-dun C2f: Cai tién
nay duoc thuc hién dé ning cao kha ning phat hién cac dic trung tinh vi trong cac céu
triuc phuec tap va kéo dai, chéng han nhu cac vét bénh ¢6 hinh dang udn luon, khong déu.
Khac véi cac 16p tich chap tiéu chuan c6 vung tiép nhan c6 dinh, DySnakeConv c6 thé tu
dong diéu chinh hinh dang dé bam sat cic dudng vién phtic tap ctia vét bénh, giup trich
xuat dic trung hinh thai chinh xac hon.

- Thay thé mo - dun SPPF bang SPPELAN: M6 - dun SPPELAN 1a su két hop giita
Spatial Pyramid Pooling (SPP) va Efficient Local Aggregation Network (ELAN). Viéc
thay thé ndy nham muyc dich ting cuong kha ning trich xuat va hop nhét dic trung ¢ nhicu
quy md khac nhau. Diéu ndy rat quan trong dé phat hién cac dom bénh c6 kich thudc da
dang, tir nhitng ddm nho dén cac vung bi hai 16m, giip mo hinh c6 céi nhin toan dién hon
vé bdi canh.

- Giéi thiéu co ché Super Token Attention (STA): Co ché chu ¥ (attention) nay
duogc thém vao dé ting cudng kha ning md hinh héa cc dic trung toan cuc ngay tir cac
giai doan d4u cia mang. STA giup md hinh tap trung vao cic ving quan trong bj anh
hudéng boi bénh tat va ting cuong kha ning chéng chiu trude cac nén anh phirc tap va
nhiéu.

Nho nhitng cai tién nay, mo hinh SerpensGate YOLOVS da giai quyét dugc cac van
dé vé nhan dang dbi twong c6 hinh dang bét thudng va trich xuét dic trung da quy mo,
gitip ting chi s6 mAP50 1én 3,3% so v6i md hinh YOLOVS gdc trén tap dir liéu PlantDoc.
Tuy nhién, viéc thém nhiing céi tién ndy da lam giam dang ké thoi gian xur 1y so véi phién
ban géc, SerpensGate YOLOVS dat tdc do suy luan 5,9 ms, trong khi YOLOVS ban chuin
cua chung t61 c6 tdc do chi 2,33 ms. Ngoai ra, viéc thiét ké céc cai tién chuyén biét nay
theo tap dir liéu PlantDoc v&i mAP chi dat 64,9%, két qua nay khong dam bao mo hinh
dat duoc két qua 6n dinh khi thuc nghiém trén nhiéu tap dir li¢u khac nhau. Nghién ctru
hudng dén mo hinh c6 kha nang trién khai trén nhiéu thiét bi va can thuc nghiém trén
nhiéu tap dir liéu, mot mo hinh ddm bao do chinh xéc trén nhiéu tap dir li€u cling nhu dam
bao toc do 1a diéu can thiét. Chinh vi vy, mé hinh YOLOvS8 gdc 1a mot kién triic kha thi
can nghién ctru.
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2.2. Thdch thirc vé thu thdp va xir Iy div liéu chuyén bigt

Mot trong nhitng thach thirc co ban nhit trong viéc phat hién bénh cay trdng la xay
dung mot bo dit liéu chat luong cao va phit hop voi méi trudng cu thé. Nghién ciru cia
Trinh Cong Dong va cong su (2024) [8] vé phat hién bénh trén 14 10a tai Viét Nam 1la mdt
vi du dién hinh cho viéc giai quyét vin dé nay.

Dé xay dung mot mo hinh hiéu qua cho bdi canh dia phuong, nhém tac gia da tiép
can theo hudng thu thap dir liéu hdn hop. Pau tién, ho da chup truc tiép 1,634 anh tai cac
canh d6ng thue nghiém cia Hoc vién Nong nghiép Viét Nam. Qua trinh nay dam bao rang
2 dit liéu phan anh dang diéu kién thuc té vé gibng cay, loai bénh va méi truong canh tac
tai Viét Nam. Tuy nhién, nhém nghién ctru phai d6i mit v6i nhiéu kho khin nhu sé luong
anh thuc dia con han ché va diéu kién chup khong dong nhat (thay doi gitta troi ning va
c6 may, anh bi mo do chyup ngugc sang).

Pé khic phyc nhitng han ché nay va ting cudng tinh da dang cho dir liéu, nghién
ctru da bo sung thém anh tir cac ngudn trén Internet dé dat tong cong 3,175 anh. Quan
trong hon, ho da ap dung mdt loat cac ky thuat tang cuong dit liéu (data augmentation)
manh mé nhu thay doi khong gian mau HSV, dich chuyén, thay doi ty 1€, 1at anh va dac
biét 1 k¥ thuat mosaic. K¥ thuat mosaic [8] ghép bon anh ngiu nhién thanh mat, tao ra
boi canh méi va phtrc tap hon, buéc mo hinh phai hoc cach nhan dién cac dbi tuong trong
nhiéu ngit canh khac nhau. Cach tiép can nay cho théy, viéc két hop dir li¢u thuc dia dugc
xéc thue boi chuyén gia voi cac phuong phap ting cuong dit liéu hiéu qua 1a mét chién
luge kha thi dé giai quyét bai toan thiéu dir liéu va huan luyén cac mo hinh c6 kha ning
nhan dang tbt trong mot moi trudong canh tac cu thé.

2.3. Str dung va téi wu héa bé dir lieu cong khai quy mé lon

Trai nguoc vdi viée xay dung bo dit liu chuyén biét, mot hudng tiép can khac la
st dung cac bd dir liéu cong khai c6 quy mo 16n, nhu trong nghién ctru cua Abid va cong
su (2024) [17] vé viéc phat hién bénh trén niam loai cdy trong cha luc ctia Bangladesh.
Nhom téac gia da st dung bd dir li¢u cong khai Plant Village, mot tap dir li¢u rat 1on véi
hon 21,000 hinh anh.

Van dé chinh khi 1am viéc voi mot bo dit lidu 16n nhur vay 1a nguy co mét can bang
giita cac 16p bénh va chi phi tinh toan cao khi huan luyén trén toan bo dir lidu. Dé giai
quyét van dé nay, cac nha nghién ctru d3 ap dung mot chién luoc xur 1y thong minh:

Tao mot tap dir liéu con can bcing: Thay vi st dung toan bg hon 21,000 anh, ho da
tuyén chon va tao ra mot bd dix liéu con co td chirc va can béng hon. Cu thé, ho d3 chon
ra ding 150 hinh anh cho mdi mot trong 19 16p bénh, tao ra mot tap dit liéu ban dau gém
2,850 anh. Cach tiép can nay giup ngin chin sy thién vi (bias) ctia mé hinh trong qua trinh
huén luyén, dam bao rﬁng mdi loai bénh déu duoc thé hién mot cach cong b:;ing, déng thot
gitip qua trinh huan luyén trd nén kha thi va dé quan 1y hon.
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Tang cuong dir liéu dé bi ddp: Sau khi tao ra mot bo dir liéu con nhé hon, van dé
tiép theo 1a nguy co mé hinh bi qua khép (overfitting) do sé lwong anh han ché. Bé giai
quyét diéu nay, ho d3 sir dung nén tang Roboflow dé ap dung cac k¥ thuat ting cudng dir
liéu nhu xoay va 1at anh. Qua4 trinh nay di ting gan gap do6i s6 lwong anh trong b dir liéu
tir 2,850 1én 5,750 anh, gitp ting tinh da dang va giam thiéu nguy co qua khép.

Nghién ctru [17] nhan manh mot phuong phap hiéu qua dé 1am viée véi cac bo dir
liéu cong khai quy mé 16n: d6 1a khong nhét thiét phai sir dung toan bo dit liéu, ma thay
vao do, c6 thé tao ra mot tap dit 1iu con can b?mg va dé quan ly, sau do sur dung cac k¥
thuat ting cudng dit liéu dé nang cao chat luong va sb luong, ddm bao mé hinh dugce huin
luyén mot cach manh me.

2.4. Qud trinh phdt trién ciia cdc phwong phdp phdt hién vit thé trwéc YOLO

Mo hinh thich @ng vi tri bd phan (Deformable Part Models) [18] xem mdi vét thé
nhu mot tdp hop cac phan (part) lién két voi phan gdc. Cac phan cé vi tri linh hoat
(deformable) dé thich nghi véi sy bién dang vat thé. Y tuong 13 truot ctra s6 trén anh &
nhiéu ty 1¢ dé tim vat the.

Tim kiém c6 chon loc (Selective Search) [19] giam chi phi cta viéc quét cira sd
truot trén toan anh bﬁng cach tao ra cac vung c6 kha nang chira vat thé dua trén phan doan
anh va gop cac ving tuong dong.

R-CNN [20] str dung tim kiém c6 chon loc 13 budc dau tién dé tao cac ving dé xuat
sau d6 chay mgt mo hinh phan loai trén cac vung dé xuét nay. Sau khi phan loai, budc hau
xur 1y s€ tinh chinh lai hdp gidi han, loai bo cac du doan trung va tinh diém lai cho cac du
doan dua trén cac du doan khac.

Fast R-CNN [21] van str dung cac thanh phan gidng R-CNN, tuy nhién viéc sinh
vung trude din dén phai chay mang CNN qua nhiéu ving ton chi phi. Fast R CNN cai tién
bang cach chay mang CNN trudc dé trich xuat dic trung, sau d6 méi sinh ving. Tiép theo,
R-CNN cit dic trung theo cac ving ndy roi cho qua mot dau phan loai va tinh chinh nhu
R-CNN.

Faster R-CNN [22] cai tién Fast R-CNN bing cach ding mot mang CNN con hoc
tryc tiép cach sinh cac ving dé xuat ngay trong mo hinh, dan dén giam chi phi.

2.5. Qud trinh phdt trién ciia YOLO

YOLOv1 [23] xem phat hién vat thé 1a mot nhiém vu hoi quy, tr anh dau vao, no
du doan xac suit va toa do hop gidi han chi trong mot lan lan truyén tién. No sir dung ludi
7x7, mdi 6 dy doan hai vat thé. Han ché 1a kho du doan vt thé nhé va vat thé gan nhau vi
kich thudce 6 lu6i 16n, mdi 6 chi du doan hai vat thé.

YOLOV2-7 [24] cai tién vé thiét ké hop neo, cac phép ting cudong dit liéu, mang
xuong séng manh m& hon, kién tric c6 két hop dic trung da ty 16.
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YOLOV8 [16] ¢6 3 cai tién. Thir nhat, no cai tién mang xuwong sdng bang viéc thay
CSPDarknet bing C2f dé giit nguyén kha ning trich xuit dic trung nhung lai giam sb
luong tham sd, sir dung ham kich hoat SiLU gitip giam triét tiéu gradient. Thir hai, n6 du
doan bang diém neo (mdi 6 trong ban dd dic trung cho mot du doan) thay cho viéc ding
hop neo dinh sin kém linh hoat. Cudi cung, n6 st dung kién tric dau (Head) tach riéng
hai dau cho phan loai va du doan hdp gidi han, tuy dugc gidi thiéu lan dau tién 6 YOLOX
(gitta YOLOV5 va YOLOV6) nhung dugc YOLOVS tinh chinh kién trac va tich hop du
doan khong hop neo. Viée tich hop du doan khong hop neo vao kién trac dau di 1am cho
YOLOVS tré nén manh m&, minh chimg rd rang nhat & viéc ultralytics tao ra phién ban
YOLOvV3u va YOLOvS5u tich hop kién trac dau nay dé ting hiéu suat. Hon nita, cac phién
ban sau d6 ciing str dung kién trac dau nay.

YOLOV9-12 [25] cai tién kién triic mang d¢é trich xuét dic trung t6t hon cho vat thé
nho, ting cudng tong hop dic trung da ty 18, st dung co ché chu ¥ cuc bd dé hoc tot hon
trong diéu kién phuc tap.

YOLOV13 [26] ¢6 3 cai tién. Thr nhét, n6 cai tién co ché chi ¥ 1-1 thanh co ché
cht ¥ nhidu-nhiéu, tir cha ¥ trong ban d6 dic trung thanh chu ¥ giita cac ban do dic trung
giita cac 16p khac nhau nén két hop dugc thong tin da ty 1&. Th hai, nd phan phéi toan bo
dic trung da dugc ting cuong twong quan (boi co ché cha ) dén toan bo mang. Thit ba,
no6 thay thé 16p tich chap thong thudng thanh tich chap sau tach biét (ldy cam hung tir
MobileNet) dé giam dang ké do phuc tap tinh toan.

YOLOVS tuy 14 phién ban cii nhung n6 on dinh va dugc toi wu tot. Cac phién ban
m&i hon duge bao cdo 1a tot hon (trén bo dit liéu chuan COCO) nhung lai khong tot hon
nhiéu va chua duogc toi wu tt, bang chung 1a két qua YOLOv13 kém hon YOLOVS trén
cac bd dir liéu ma ching t61 thuc nghiém. Mot 1i do khac 1a do tré ctia YOLOVS8 théip hon
(t5t hon) cac phién ban sau d6 (ching t6i so sinh YOLOvS-13 phién ban s - small), tuy
khong nhiéu nhung anh huong dén céc thiét bi co tai nguyén han ché. Cu thé do tré cia
YOLOVSs 1a 2.33 ms, trong khi do tré cia YOLOv9s-13s dao dong tur 2.53 dén 3.44 ms.
D6 13 1i do chung t6i st dung YOLOVS lam kién trtc chinh cho bai toan nay.

2.6. Gidi thich mé hinh quyét dinh

Hiéu suat ciia cac md hinh hoc sau thuong cao nhung lai danh d6i kha ning giai
thich. Chiing thudng hoat dong nhu mot hop den, chi cho ra két qua ma khong giai thich
dugc 1i do mé hinh ra quyét dinh. AI kha dién (xAI) ra doi vi li do ndy va xAI trong thi
gidc may tinh tap trung vao 4 hudng giai thich chinh [27]. trong bai bao nay, chiing t6i
trinh bay trinh bay ban d6 nhiét dé cho ngudi doc thay duoc truc tiép ving ma mé hinh
chu y khi dua ra quyét dinh. Cu thé, chang t6i st dung HiResCAM [28] va so sanh véi
GradCAM [29] dé théiy duoc wu diém ctia HiResCAM, cac do do va két qua duogc trinh
bay trong phan thyc nghié¢m.
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3. Phwong phap nghién ctru

YOLO la viét tit ciia You Only Look Once, cai tén di thé hién ¥ tuéng cua phuong
phap: chi nhin mot 1an duy nhét. Cai tén nay xuat hién boi vi chudi cac phuong phéap ding
R-CNN (R-CNN [20], Fast R-CNN [21], Faster R-CNN [22]) dé phat hién vat thé trudc
d6 nhin vao anh nhiéu l4n vé6i hai bude 1a: sinh ving dé xudt va phan loai. R-CNN phai
chay phan loai trén nhiéu viing nén ton thdi gian, chi phi tinh toan. YOLO khéc phuc van
dé nay bang cach st dung mot kién triic duy nhat (hinh 1): nhin vao anh mét 1an va cho ra
két qua. Bang 1 mé ta cac thuat ngir va tir viét tat chinh duoc st dung trong phuong phap
dé xuét ciia chung toi.

Béang 1. Bang tra ctru thuat ngir quan trong.

Tirviét tit M6 ta

batch Mot 16 anh, trong huén luyén va kiém thir, may tinh tinh toan véi nhidu anh cung luc

Momentum  Heé s6 diéu chinh dé cap nhat trung binh, phwong sai trong 16p BatchNorm2d

BottleNeck Khoi ¢6 chai, c6 tén goi nay vi so kénh dac trung nd xir 1y it hon s6 kénh dau vao, so
kénh dau ra

CSp La viét tat cua Cross Stage Partial. Khdi nay thuc hién phan tach ban do dic trung & mot
giai doan (stage) cia mang dé xur Iy mot phan (partial) va két hop véi phan con lai, tao
ra mot ludng thong tin chéo (cross) qua cac giai doan

Cc2f Y tudng gidng CSP nhung két hop tat ca diu ra trung gian (full) va thuc hién song sor
nhanh hon (faster). N6 str dung 2 khdi tich chap trong mdi BottleNeck, 2 khdi tich chap
BottleNeck

SPP La viét tit cua Spatial Pyramid Pooling (tAng gdp kim tu thap khong gian). N6 thuc hién

gdp ban dd dic trung voi kich thude ting dan 1am kich thudc dau ra nho dan, khi xép
chdng sé& co hinh kim tu thap

SPPF Phién ban cai tién ctia SPP dé xir Iy nhanh hon (faster)

Bai toan duogc dat ra trong nghién clru nay 1a xay dung mdt mo hinh hoc sau c6 kha
nang tu dong phat hién va phan loai céc loai bénh trén 14 cady nong nghiép tir hinh anh ky
thuat s6. M6 hinh cin giai quyét cac yéu cau va rang budc cu thé nhu sau:

Pau vao: Mot anh k¥ thuat s (RGB) chup 14 ciy noéng nghiép. Anh c6 thé duoc
chup trong cac diéu kién mdi truong da dang, khong duge kiém soat chit ché, bao gdm
nhiéu goc chup, khoang cach va diéu kién 4nh sang khac nhau (nang gat, trong bong ram,
nguoc sang). Anh dau vao c6 thé chira mot hodc nhiéu 14, va céc 14 ¢ thé bi che khuat mot
phan.

Pau ra: D6i voi mdi ddm bénh duoc phat hién trong anh dau vao, mo hinh phai
cung cap:

1) Hop gi6i han (Bounding box): Toa d ciia hop chit nhat bao quanh dom bénh.

2) Tén bénh (Class label): Nhin ctua mét trong bdn 16p bénh di duoc xac dinh.
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3) Diém tin cay (Confidence score): Mot gid tri s6 thé hién mirc d chac chan cua
mo hinh do1 voi du doan da dua ra.

Input
(3, 640, 640)

:\ / Upsample \

Conv Conv

Y

A
(512,20,20 (128,80,80)
gavgp | [T Coneat Concat L (256,40,40
(512,20,20)

Y ) 2

SPFF C2f C2f

, — S —7
k 2x 2x

Backbone Neck

1l

)|

Box
regression

Classification

i

[+

Head

Hinh 1: Kién triic YOLOvVS. Mang xwong song hoc diic trung bang cach gap déi s6
kénh, gizm mdt nira kich buéc ban dd diic trung két hop SPPF dé ting vang nhin.
Co (Neck) hoc thong tin vi tri trong giai doan dau, hoc thong tin ngir nghia trong giai
doan sau. Pau (Head) c6 3 dau dé dw doan vat thé véi cac kich thwée khac nhau, tich
biét dau dé toi wu cho dw doan l6p riéng, téi wu cho dur doan hop gi6i han riéng.

3.1. Gidi phdp vin dé dit ligu

Nhu da dé cap trong phan 1 va 2, cac bo dit liéu ¢ san thuong khong phan anh
chinh xac thyc té. Do d6, ching t6i 4p dung cac phép bién d6i dé tang tinh tong quat cta
dir li€u, buoc mo hinh hoc cac dac trung ¢ tinh bt bién véi anh sang, kich thudc dau vao,
goc chup. Cac phép bién d6i ma nhom st dung duge mo ta trong bang 2. Phép bién doi
quan trong nhét 1a mosaic, vira giup mé hinh hoc dugc dic trung ctia vat thé nho, vira giup
mo hinh hoc duoc bdi canh phuc tap (duwoc minh hoa trong hinh 2). Thut toan ting cudng
dir 1i€u dugc trinh bay trong giai thuét 1 - tao anh mosaic tur 4 anh dau vao.

Bang 2. Cac phép bién ddi dwoc sir dung.

Phép bién ddi Mo ta

Mosaic Ghép 4 anh thanh mdt anh

Fliplr Lat anh theo chiéu ngang

Hsv_h Thay d6i mau sic

Hsv s Thay d6i d6 ddm nhat mau sic

Hsv v Thay d6i do sang

Scale Thay dbi kich thudc anh

Translate Dich anh theo phuong dtrng hodc phuong ngang
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Giai thuat 1: Tao anh mosaic tir 4 anh dau vao

Dau vao: Kich thudc dau vao s, 4 anh dau vao img da chuan hoa kich thudc s (giit
ty 1€ khung hinh) kém nhan label function MOSAIC(img, s, label)

Khoi tao anh img4 mau den, kich thudc 2s x 2s, nhan label4 = @
xc, yc = random(s/2, 3s/2), random(s/2, 3s/2)
for 1=0 to 4 do

h,w = img[i].size

# (x1, yl) = (x2, y2): ving anh nho duogc cit
# (x41, y41) - (x42, y42): vung anh 16n dugc thém
if i=0 then

x42, y42 < xc, yc

x41, y41 « max(xc-w, 0), max(yc-h, 0)
x2,y2 < w,h

x1l,yl < w—(x42-x41), h — (y42-y41)

else if i=1 then

x41,y42 < 0, yc

x42, y41 « min(xct+w, 2s), max(yc-h, 0)
x2,y2 < 0,h

x1,yl « x42-x41, h — (y42-y41)

else if i=2 then

x42, y42 < xc, 0

x41, y41 « max(xc-w, 0), min(y+h, 2s)
x2,y2 «<w,0

x1,yl « w—(x42-x41), y42-y41

else

x42,y42 < xc, yc

x41, y41 « min(xct+w, 2s), min(yc+h, 2s)
x2,y2 < 0,0

x1, yl « x42-x41, y42-y41

end if

10



DOI: 10.31276/VJST.2025.3727 Khoa hoc tw nhién | Khoa hoc may tinh va thong tin

Cap nhat nhan label4 cho anh img4
end for
return img4, label4

end function

Hinh 2. Mosaic ghép 4 anh thanh mét anh dé hoc cac vét thé nhé, hoc trong diéu
kién phirc tap.

3.2. Khéi tich chip

Khdi tich chap c6 nhiém vu hoc dic trung, la su két hop cua 3 16p: Conv2d,
BatchNorm2d va SiLU. Do d6, 1 s6 tai liéu viét tat 1a CBS (hinh 3). Lép Conv2d hoc dic

trung, BatchNorm2d chuan héa cac kénh dic trung, ham kich hoat dugc st dung 1a SiLU
dé khac phuc van dé triét tiéu gradient.

£ N
eps = 0.001
bias = False momentum = 0.03 inplace=True
affine = True
%, S

CBS = Conv2d + BatchNorm2d + SiLU

Hinh 3. Khai tich chip 1a sw két hop ciia 3 16p: 16p tich chép, 16p chuin héa theo 16,
16p kich hoat. N6 1a cdu triic chuin ciia cic mang hoc siau hién nay.

11
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3.3. Khoi C2f

Khéi BottleNeck (hinh 4) c6 nhiém vu két hop dic trung, gdm 2 khdi tich chap lién
tiép hoc ddc trung khong thay doi sb kénh, kich thudc ban do dic trung.

32 channels 32 channels
160 x 160 160 x 160

Hinh 4. BottleNeck hoc cich két hop cic kénh.
Khéi C2f (hinh 5) ¢6 nhiém vu hoc dic trung, gdm nhiéu khdi BottleNeck song

Conv 2

kernel_size=3
stride=1

Conv 1
kernel_size=3
stride=1

song va 2 khdi tich chap. Nhiém vu cua chudi BottleNeck, Concat va Conv 1a hoc lai dic
trung tir dau ra ciia khoi tich chap dau tién. Néu bo chudi nay di, kich thudc dau ra khong
doi nhung mang s& hoc kém hon. BottleNeck duogc thiét ké song song nham 2 muc dich:
giam hi¢n tugng tri€t tieu gradient va tan dung kha nang xur ly song song ciia GPU.

R
/ (X2, sz, sz) (x/2, sz, sz) \
» BottleNeck 1

1 s \
Cchannels|[] .| Conv1 (012, sz, 52) XI2, 52, 52) ‘(Concat Conv 2 X channels
SZ X SZ 'Lkemel_size=1J 4 'L kernel_size=1 Sz X sz
. . _J
— A

)

BottleNeck n

(x/2, sz, sz§ (x/2, sz, sz)
e 7
k (x, sz, 82) /

Hinh 5. C2f sir dung nhiéu nhanh BottleNeck dé két hop dic trung hiéu qua.
3.4. M6 - dun SPPF

Mo - dun SPPF c6 nhiém vu ting ving nhin, gdm 3 16p MaxPool xen giira 2 khi
tich chap. Moi diém anh sau MaxPool 1 nhin duoc mot vung 5x5, sau MaxPool 2 nhin
dugc mot vung 9x9, sau MaxPool 3 nhin dugc mot viung 13x13 trén ban dd dac trung
20x20 (hinh 6). Muc tiéu 1a mdi diém anh chtra ngit canh cia mot ving 16n. Tuy nhién,
viéc nay lam mat thong tin vi tri. Do do, ta tién hanh ndi cac két qua tir Conv 1, MaxPool
1, MaxPool 2, MaxPool 3 dé vira co thong tin vi tri, vira c6 thong tin téng quat. Sau do,
dua két qua nay qua 16p tich chap thir hai dé giam sé kénh. Ludng hoat dong duoc mo ta
trong hinh 7.

12
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Hinh 6. Vung nhin ting manh sau 3 16p MaxPool.

—\
/CCha””e'S Convi | (Ci2, 20 20)| MaxPool

20x20 kernel_size=1 kemel sze=3

padding=2

Mz

v
Y
MaxPool

—(3)——— kernel_size=5

padding=2

—(4)
(2C, 20, 20)
Y Y

C channels Bty 2 MaxPool
20x20 kernel_size=1 kernel__sizie=5
K paddlng—2/

Hinh 7. SPPF hoc cach két hop cac kénh ¢é ving nhin rong tir 3 16p MaxPool va céc
kénh ban diu chira thong tin vi tri.

3.5. M6 - dun phat hién

M0 - dun phat hién c6 nhiém vu du doan 16p va du doan hop gidi han, gém 2 nhanh,
mdi nhanh thuc hién mot nhiém vu. Mdi 6 trong ban dd dic trung du doan 1 dau ra gom:
dau ra phan loai va dau ra hop giéi han. Pau ra phén loai 1 xac suit mdi 16p, dau ra hop
gi61 han 1a toa do hop gio1 han. YOLOV8 con thém 1 16p du doan phan phéi toa do hop
gidi han. Kién trac dau dugc thé hién trong hinh 8.

13
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—
Box (8400, 4)

. Box
regression

Detect 1
128x80x80

) (8400, nc)

Probablity of

Classification >
class
Box (8400, 4)
. > Box
regression

Detect 2
256x40x40

) (8400, nc)

Classification > Probablity of

class

. -~

Box (8400, 4) -
regression ~

oy
Box

S —

Detect 3
512x20x20

(8400, n¢) (Praranito of )
Classification > Probablity of
class

Hinh 8. Phan dau (Head) c6 3 dau du doan vit thé véi cac kich thwée khac nhau,
trong d6 tach biét diu dé toi wu cho tirng nhiém vu.

3.6. Vai tro ciia ba phan trong kién triic mang

Mang xuong song lién tuc thuc hién Conv+C2f dé ting sd kénh (hoc thém dic
trung) va giam kich thudc ban d6 dic trung dé giam do phirc tap tinh toan. Lép SPPF &
cubi dé tang ving nhin ctia mdi 6 trong ban do dic trung.

C6 (Neck) nhan dau vao tir mang xwong séng rat giau thong tin ngit nghia. Tuy
nhién, kich thudc ban db dic trung lién tuc bi giam & mang xuong séng dan dén mat thong
tin vi tri. Do d6, & nira dau c6 (neck), UpSample+Concat+C2f duoc thuc hién 2 1an (hinh
9). UpSample dé phong to gap d6i cac ban d6 dic trung & ¢b (neck). Concat dé két hop
cac ban dd dic trung vira phong to & cd (neck) voi cac ban dd dic trung c6 cung kich thudc
0 mang xuong séng dé léy lai thong tin vi tri. Ngoai ra, C2f dugc str dung dé hoc cach két
hop céac kénh méi. Sau 2 1an UpSample+Concat+C2f ta thu dugce dau vao thi nhat (P3)
ctia Pau (Head) vira c6 thong tin ngir nghia (tr dau ra mang xuong song), vira c6 thong
tin vi tri. Cudi cing, Conv+Concat+C2f dugc thuc hién 2 1an dé hoc lai thong tin ngir
nghia, tao 2 dau ra khac (P4, P5) cho Pau (Head) véi kich thude nhé hon. P3 tirc 1a kich
thudc ban d6 dic trung bi thu nho 23=8 1an so véi kich thudc thude anh dau vao. Vi du
v6i anh dau vao kich thude 640x640 (3 kénh) thi kich thude ban d6 dic trung P3 1a 80x80.

Pau (Head) st dung 3 ddu ra c6 kich thuéc khac nhau tir ¢6 (neck) (P3, P4, P5) dé
du doan cac vat thé nho, vira 16n. Mdi 6 trong P3 tuong tng v&i mot ving nhd hon mdi 6
trong P5. Lai c6 mdi 6 trong ban do dic trung cho 1 du dodn nén P3 du doan vat thé nho,
P5 dy doan vat thé 1on, P4 du doan vat thé vira. Thong tin vé dau ra, kién truc d3 dugc mod
ta @ mo-dun phat hién.

14
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K[ o H Upsammeb K[ o ]_,[ Conv J/

Position Semantic

Hinh 9. C6 (Neck) hoc théng tin vi tri trong giai doan dau, hoc théng tin ngir nghia
trong giai doan sau.

3.7. Gdn nhiém vu trong hudn luyén

Gan nhin dong Task Align Assigner dugc dung dé xac dinh 1 hop giéi han that
duoc du doan boi cac diém neo nao. Quy trinh dugc thé hién trong hinh 10.

Ham mat mét IoU tong thé c6 cong thic:

~ p*(b,b
CloU =10U(b,b)—L2)—av (1)
c
w w (2)
v= = (arctanﬁ — arctan ﬁ)
v 3)

1 -10U(b,b) + v

trong d6 b, b 13 hop gidi han that va hop gidi han du doan, p?(b, b) 1a khoang cach Euclid
gifra tam 2 hop, c 1a dd dai duong chéo cia hdp bao phu ca hop du doan va hop that, v do
su sai 1éch ty 1¢ khung hinh, a 13 hé s6 ty 18.

Sau déy 1a phan dién giai cho hinh 10. Mdi diém neo (mdi 6 trong ban dd dic trung
tir ddu vao cua dau (Head)) duoc xét véi mot hop gidi han that. Piém neo nao sinh ra hop
c6 tdm nam trong hop gidi han that duoc xac dinh 1a diém neo duong. Tir cac diém neo
duong, tinh chi s6 CloU (cong thirc 1), align (cong thic 4) v6i hop gidi han that dé chon
ra k diém neo c6 chi sd align cao nhét cho mdi hop gidi han that. Moi diém neo chi nén
gan cho 1 hop gidi han that, do d6 véi diém neo duoc gan cho nhiéu hop gi61 han that, ta
chon hop that c6 CIoU véi hop neo cao nhat. Két qua cudi cung 1a chi sé ciia hop gidi han
that (truy xuét duge nhin va toa do hop gidi han), diém du doan (sau nay s€ so sanh voi
X4c Suat 16p tr dg doan cuia mo hinh), mat na vat thé dang nhi phan (cong thuc 5, mét na
c6 gia tri 0 khi 12 nén, 1 khi 13 vat theé).

15
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. a N ﬁ
align;; = clsprobyj. CIoU(bi,b]) 4)

cloU(b;, 5"
align,; (5)

gtij = mask;.align;;.

trong do clsprob;; la xac suat diém neo i dugc chon c6 16p gidng 16p cua hop gidi han
that j, mask; 1a mat na nhi phan dé chi chon ra cac du doan duoc gan v&i hop gidi han
that j (sau budc loc cudi ciing — chon CloU cao nhét trong hinh 10), gt; ; la target score
trong hinh 10.

Anchor point, Positive CloU,
GT box anchor point align metric

\ 4
tacr;-l;altnsdceoxr,e Select Taplk
g ’ highest CloU anchor point
foreground mask

Hinh 10. Gan nhiém vu trong huén luyén dwa trén ca dd khép vé 16p va do khép veé

hop giéi han. Tir mdi diém neo va hop giéi han that chon cac diém neo dwong sau d6
tinh @9 khop. Chon ra cic diém neo c6 d9 khép tot véi mdi hop giéi han that, xir 1y
treong hop mot diém neo dwge gan nhiém vu dw doan hai hdp giéi han that.

3.8. Ham mit mdt

Ham mat mét 16p c6 cong thirc:

L.s = BCE(a(pred), gt).scale (6)
_ (alo(pred)]” khi label = 0
scale = { gt khi label = 1 )

trong 46 BCE 13 ham binary cross-entropy dé tinh mét mat gitta du doan ctia mé hinh va
nhan that. Tham sé label = 0 khi m6 hinh du doan ddi tuong 13 nén, 1a 1 khi mé hinh du
doan ddi tuong 1a vat thé. Trong mot anh, ) lugng vat thé thuong it, nén thuong nhiéu.
Do d6, tham s6 scale dugc st dung dé giam anh huéng cua L khi mé hinh dy doan déi
tuong la nén, néu khong mo hinh chi can hoc tdt cach xac dinh nén dé tdi thiéu hoa L.
Viéc giam L5 6 nén duoc thyc hién dé dang bang viéc nhan thém mot s6 a € (0,1) hoic
lity thira mot s6 y > 1 vi o(pred) € (0,1]. Trong ma ngudn, tic gia chona = 1, § = 6.
Tuy a = 1 khong gitip giam trong sé nhung f = 6 da giam trong s cua L, di rt nhiéu.

Ham mat mat phan phdi toa d6 hop gidi han c6 cong thirc:

Lpp, = (t, —t)CE(p,t) + (1 —w,)CE(p, t,) )

16
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trong d6 p 13 phan phdi toa d6 hop gisi han du doan, t 1a khoang cach tir diém neo dén
canh ctia hop giéi han that, t, t, 1an luot 13 bin trai, bin phai ciia hop giéi han that (sb
nguyén), CE la ham cross-entropy.

Ham mat mat toa do hop gid1 han ¢6 cong thirc:

Lpox = ZiEFG(l - CIOU(bi: B;)Si) )

xialign;;
trong do b, bla hop gi61 han that va hop gidi han dy doan, s; 1a téng trong sb gitra diém
khép gitra hop that j va tat ca cac hop i dugc gan nhiém vu dy doan no6 (cong thuce (8)),
FG (foreground) 1a tap hop cac hop chua vat thé.
Ham mat mét tong thé:
L = wesLeis + WhoxLpox + WprLLprr (10)

trong d6 trong s6 mic dinh 1a w,s = 0.5, Wy, = 7.5 va Wy, = 1.5 dé diéu chinh mirc
do anh hudng cua 16p va hdp gisi han.

3.9. Hau xii Iy

Dy doén tho cua mo hinh dugc loc véi 2 ngudng: diém tin cay va loU. Pau tién,
cc du doan c6 diém tin cay thép hon ngudng bi loai, ngudng méc dinh la 0,25. Tiép theo,
cac dy doan trung nhau s& bi loai theo quy trinh sau: 1y ra du doan c6 diém tin cdy cao
nhat, loai cac du doan c6 chi s IoU véi hop duoc chon 16n hon ngudng (mic dinh 13 0,7).
Viéc nay dugc thuc hién cho dén khi khong con du doan nao. Quy trinh dugc minh hoa
trong hinh 11.

I T T I
| A
P

ks 4NN _/g_tx_/‘ri |

Confidence | > !' ‘

threshold

= o Sl =] e S

| | | [
o TR TR

| | | |

loU
threshold
I T T I
|

V 4 [0 b Sog| T/L' — [

N
/ Il - .

| | | \
5 L P

| | | |

Hinh 11. Hau xit ly thue hién hai buéc: loai dw doan c6é diém tin cdy thap va loai du
doan trung.
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3.10. Luong hoat dpng

Ludng hoat dong cua qué trinh huan luyén, suy luan duoc thé hién trong cac hinh
12 va 13. Phan nay chi giai thich qua trinh suy luan dé hiéu mot phan cach mo hinh quyét
dinh (phan con lai dugc giai thich bang ban d6 nhiét).

Pau vao: Anh RGB.

Tién xir Iy: Diéu chinh kich thudc vé 640x640 trong d6 thém phan den (padding)
dé gitr ty 18 khung hinh (khéng lam méo anh).

Mang xuwong song: Trich xuat dic trung va giam kich thude ban d6 dic trung, SPPF
tang ving nhin. Kich thudc ban d6 dic trung dau ra: 20x20.

C6 (Neck): Giai doan dau 1dy lai thong tin vi tri, giai doan sau ldy thong tin ngir
nghia. Ba dau ra: 80x80, 40x40, 20x20 d¢ dy doan vat thé nho, vira, 16n.

Pau (Head): Ding 3 dau ra tr C6 (Neck), mdi 6 tr 8400 6
(80.80+40.40+20.20=8400) cho 1 dy doan gom xac suat mdi 16p va toa do hop gidi han.
Diém tin cay chinh 1a xac suat 16p c6 gia tri 16n nhat.

Hau xir Iy: Loai du doan c6 diém tin cdy thip va loai du doan tring.

Pdu ra: Hop gi6i han, 16p, diém tin cy.

Backbone Box loss
Class loss
Shuffle Box, class Bnams DF loss
Dataset » Resize Normalize —» » probablity —» Y —> l —»{ Validation
Assignment
Augment [cell
Update
weight
Forward Backward

Hinh 12. Qu4 trinh huin luyén thue hién: chuin bi dir liéu, ap dung cac phép chuin
héa kém ting cudng dir liéu va trao dir li¢u, dwa dir liéu qua mé hinh dé maéi 6 trong
ban dd dic trung cho mét dw doan, so khép véi hop gii han that dé gan nhiém vu,
tinh gia tri cAic ham mit mat dé cip nhat trong s6 va kiém thir.

Resize Box, class Post Bounding box
Input > : » Forward »| probablity > > Label
Normalize process :
[cell Confidence score

Output

Hinh 13. Qua trinh suy luin thuc hién: chuin héa, dwa dir liéu vao mé hinh dé mdi
6 trong ban dd dic trung cho mét dur doan, hau xir Iy dé loai dw dodn c6 dd tin ciy
thap va du do4n tring.

3.11. Gidi thich mé hinh quyét dinh

GradCAM 1a ban d kich hoat 16p dya trén gradient. N6 tinh mirc 46 dong gop cia
ting diém trong anh dau vao bang cach lan truyén ngugc tir 16p du doan dén 16p tich chap.

18



DOI: 10.31276/VJST.2025.3727 Khoa hoc tw nhién | Khoa hoc may tinh va thong tin
V&i mdi kénh A¥ trong 16p tich chap, GradCAM tinh d6 quan trong cta timg kénh bang
viéc lan truyén nguoc gradient tir ddu ra 16p quan tm Y, vé ting diém anh trong kénh A¥
roi 14y gia tri trung binh:

__1 L%
T H W Bak (1)

trong d6 H, W 1a chiéu cao, chiéu rong ctia ban d6 dic trung, A{-‘j la gid tri tai vi tri (i,))
cua kénh dic trung thtr k, a;, 1a mic d0 quan trong cua kénh thir k d6i voi quyét dinh du
doan daura Y,.

Ban d6 nhiét GradCAM ban dau 1a trung binh c6 trong s ctia cac kénh trong 16p
tich chap:

GradCAM, = X, a,A* (12)

Ban d6 nhiét GradCAM cudi cung chi gifr lai nhitng diém c6 anh huéng tich cuc
dén du doan ciia mé hinh:

GradCAM = ReLU (X, a, A*) (13)

HiResCAM la mot phuong phép giai thich khac dé khic phuc 2 nhugc diém cia
GradCAM. Thi nhét, 16p tich chap cubi ciing tuy gidu thong tin ngit nghia nhung lai nghéo
thong tin vi tri vi kich thudc ban db dic trung qua nho. Do d6, HiResCAM cai tién bang
cach tinh ban d6 nhiét cho nhiéu 16p tich chap rdi thay ddi vé kich thudc anh dau vao va
léy trung binh. Thir hai, viéc nén d¢ quan trong cia mot kénh thanh mot s6 thuc ay khién
moi thong tin trong kénh A* quan trong nhu nhau. Do d6, HiResCAM cai tién bang cach
gilt nguyén do quan trong cua kénh A* 1a mot mang 2 chiéu:

aY,
gradient, = a_Ai‘ (14)
HiResCAM = ReLU(X,gradient, (© A¥) (15)

4. Thuc nghiém

4.1. D¢ do

D0 chinh xac duogc 1a ty 1€ chinh x4c cua mo6 hinh trén tat ca du doan. Po phu la ty
1¢ duong tinh ma mo hinh tim ra trén tat ca cac miu duong tinh thyc té.

TP+ FN " TP + FP

trong d6 ki tir dau tién 1a T (True) hodc F (False) thé hién mé hinh dy doan dung hodc sai,

P (16), R (17)

ki tu thtr hai 1a P (Positive) hodc N (Negative) thé hién ddi twong ma mé hinh du doan
trong thuc té 1a vat thé hodc nén.
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AP (Average precision) 1a trung binh d¢ chinh x4c, tinh d§ chinh xéac trung binh
trén toan ngudng tin cdy (tir 0 dén 1) trong biéu d6 do chinh xac - d6 phui (minh hoa trong
hinh 14). Bo do nay dugc dung véi mot 16p ¢, mot ngudng loU cu thé. APC@K rang budc
mot dy doan 14 dtng chi khi hdp du doan c6 chi s6 ToU véi hop gidi han that 16n hon
ngudng K. Cong thirc:

1 c

APe@K = ~Con 0ot (18)

trong d6 conf la ngudng tin cdy Pg,, ¢ la d chinh xac clia 16p c tai ngudng tin cdy conf,

Z 1a s6 ngudng tin cay dugc tinh (vi du trong hinh 14 s ngudng tin cay 1a 11).

[

gel

0
(3]
D
2
a

recall
Hinh 14: P§ chinh xac trung binh dwoc tinh dwa trén biéu do do chinh xac - dd phu.

Trung binh d¢ chinh xéc trén toan bo 16p la:

S.AP@K
MAP@K = —— (19)
nc
2 mAP@K
mAP@K, — K, = =X ~ (20)

trong d6 mAP@K trong cong thirc (19) 1a trung binh d6 chinh xac AP°@K trén toan bo
16p, mMAP@K; — K, trong cong thirc (20) 1a trung binh d6 chinh xéc trén cac ngudng loU
tir K; dén K,, nc 1a s6 16p, Z 13 s6 ngudng IoU duoc tinh.

Trong bai toan phat hién vat thé néi chung, cac ngudng tin ciy dugc quan tim la
0.5 va 0.95 g véi hai d6 do 1a mAP@0.5 va mAP@0.5 — 0.95. Trong cac phan tiép
theo, chung t6i st dung mot ki hi€u khéc cua hai d§ do trén 1a mAP50 va mAP50 — 95.
20
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Ngoai ra, nguoi ta con diung ma tran nham 1an dwoc sir dung dé truc quan hoa moi
quan hé giira két qua dy doan va két qua dung, chi sd fitness dé danh gia hiéu suat cua
mo hinh (chon ra file trong s tot nhit dwa trén chi sé ndy trén tip kiém dinh):

fitness = 0.9mAP5y_o5 + 0.1mMAPs, (21)

trong d6 mAPsy_os, mAPs, duoc viét voi ngudng IoU & dudi dé cong thire d& nhin hon.

4.2. Chién lwoc hudn luyén

Chung t6i thuc nghiém trén bo dir lidu cay ca phé dé danh gia anh hudng cua kich
thudc dau vao, phép bién d6i mosaic 1én d6 do. Vi kich thude dau vao, nhém thir nghiém
huén luyén véi cac kich thudc khac nhau ctia anh dau vao trong cliing thoi gian huan luyén
va do céc chi sb trén tap kiém thtr. Do do tot nhit dat tai kich thudc 640x640, kich thuée
nay s& duoc st dung trong huan luyén va kiém thir. Chi tiét két qua trong bang 3.

Bang 3. Anh hwéng ciia kich thwée dau vao dén két qua phat hién déom bénh.

Kich thuéc 320 640 960
Thoi gian (gidy) 7557 7488 7526
Sb epoch 100 100 56

D6 chinh x4c 0,935 0,984 0,978
D6 phu 0,876 0,964 0,973
mAP50 0,926 0,985 0,989
mAP50-95 0,758 0,875 0,856
Fitness 0,775 0,886 0,869

(A) (B)

—— train/box_loss 16 —— train/box_loss
1.6 4 —— train/val/box_loss . —— train/val/box_loss

—— val/box_loss —— val/box_loss
1.4 A
124

1.04

0.8

0.6

0 20 40 60 80 100 0 20 40 60 80 100
epoch epoch

Hinh 15. Chi s6 box_loss. (A) Khong ap dung mosaic; (B) Ap dung mosaic.

Vi phép bién d6i mosaic, nhém thuc nghiém va so sanh két qua khi ap dung mosaic
cho 90% qua trinh huan luyén va khong ap dung mosaic trong huan luyén. Cu thé, nhém
so sanh chi s6 box_loss trén 3 tap: tap huan luyén c6 ting cudng dir lidu, tap huan luyén
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gbc, tap kiém dinh. Dé don gian, chung toi thuc hién voi kich thude anh dau vao 1a
320x320. Két qua duoc truc quan hoa ¢ hinh 15.

Piém chung 14 mat mat trén tap huin luyén co ting cudng dit lidu (train/box_loss)
thip nhat vi mé hinh hoc trén dit liéu nay, mat mat trén tap huin luyén gdc thap tha hai vi
day la bién thé cua tap dir liéu duoc hoc, méat mat trén tap kiém dinh thfip nhét vi mo hinh
chua tung hoc qua.

Mt mat trén tap huan luyén c6 ting cuong dir liéu giam dot ngdt & epoch 90 ching
t61 tit mosaic & 10 epoch cudi, khién mé hinh dang hoc cc anh kho ctia mosaic dot ngot
tré vé hoc cac anh d& cua tip huin luyén gdc. Tuy chi sé box loss khi mosaic cao hon (té
hon), nhung cac chi s6 do do trén tap danh gia khi mosaic lai t6t hon vi mé hinh hoc dugc
vat thé nho, cling nhu diéu kién phtrc tap, xem bang 4.

Bang 4: Anh huéng ciia mosaic 1én @9 do: huan luyén véi mosaic cho két qua tot hon.

D¢ chinh xac Do phu mAPS0 mAPS50-95
C6 mosaic 0,935 0,876 0,926 0,758
Khong mosaic 0,922 0,871 0,925 0,742

Téng két, chién luoc thuc nghiém 1a 4p dung cac phép bién d6i da néu trong phan
dau cua Phuong phap véi kich thude dau vao 640x640, trong d6 ap dung mosaic trong
90% quaé trinh huan luyén.

4.3. Cay ca phé

B dit liéu gdm 7024 anh 14 cay phé tir Roboflow v6i 4 bénh: ddm mat nau, sau vé
bua, gi sat, rép nhén do. Ty 1€ huin luyén : kiém dinh : danh gia 1a 81:13:6. Tri€u tng clua
4 bénh dugce mo ta trong bang 5 kém minh hoa tuong tng trong hinh 16. Dir liéu dugc lay
trong diéu kién anh sang da dang.

Kich thudc d6m bénh duge ching t6i dinh nghia 13 cin bac hai cta dién tich hop
gidi han bao quanh dém bénh (don vi pixel), tinh trong anh sau resize 640x640 (gitt ty 18
anh, padding kich thudc ngin). S6 luong va kich thuée ddm bénh duoc théng ké trong
bang 6, bang 7. Mdc du c6 su chénh I¢ch vé s lugng ddm bénh theo 16p nhung diéu nay
phan anh dung tinh chit cia timg 16p: 16p c6 nhidu dém bénh thi kich thudc dém bénh
nho, kho hoc; 16p c6 it dém bénh thi nguoc lai.
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Hinh 16. Triéu chirng cac bénh 14 ca phé. (A) P6m mit niu, (B) Sau vé bua, (C) Gi
sit, (D) Rép nhén dé.

Bang 5. Tri¢u chirng cac bénh 14 ca phé.

Bénh Triéu chirng

Dbém mit nau Céc dom nau: ddm & ngoai, nhat & trong, hinh dang gidng con mét
Sau vé bua Céc mang 16n mau nau trén la

Gi sit Céc vét mau vang trén 14

Rép nhén do To nhén moéng kém nhiéu chdm den
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Bang 6. S6 lwgng dém bénh trén tip dit liéu 14 ca phé.

Tap dir liéu Huén luyén Kiém dinh Panh gia
Pém mit nau 10271 1030 502
Séau vé& bua 7977 1389 763
Gi st 13570 1638 785
Rép nhén do 3391 375 369

Bang 7. Kich thwéc ddom bénh trén tap dir liéu 14 ca phé (pixel).

Tap dir liéu Huén luyén Kiém dinh Panh gia
Pém mit nau 20,13 18,98 18,88
Sau v& bua 96,32 88,05 82,82
Gi sit 26,51 31,32 26,25
Rép nhén do 98,10 96,85 70,82

Bang 8. Cac d¢ do trén tap dir liéu 14 ca phé cia YOLOVS.

Lép Pé chinh xac Do phii mAP50 mAP50-95
D6m mit nau 0,978 0,906 0,957 0,795

Séau v& bua 0,997 0,999 0,995 0,98

Gi sét 0,975 0,936 0,988 0,869

Rép nhén d6 0,998 1 0,995 0,982
Trung binh 0,987 0,96 0,984 0,906

Biang 9. Cac d¢ do trén tap dir liéu 1a ca phé cia YOLOv13.

L6p Dj chinh xac P9 phi mAP50 mAP50-95
Dbém mit nau 0,93 0,828 0,908 0,632

Sau v& buia 0,984 0,983 0,993 0,891

Gi sat 0,912 0,86 0,95 0,629

Rép nhén d6 0,976 0,991 0,995 0,93

Trung binh 0,95 0,916 0,962 0,77

Két qua céc do do khi str dung YOLOvVS8 va YOLOv13 dugc mo ta trong bang 8 va
9. Pé so sanh 2 phuong phap trén bg dir li€u thyc nghiém, ching t61 dung 2 do do 1a
mAP50 va mAP50-95. Két qua cho thdy YOLOVS tot hon & ca 2 chi sb nay, dic biét 1a
chi s6 mAP50-95 phan anh muc d dinh vi chinh xéc.

Véi YOLOVS, hau hét cac chi s6 do do déu trén 0.9, ngoai trir mAP50-95 cia bénh
ddm mit nau va bénh gi sat, khong c6 su chénh 1é€ch dang ké vé dd do gitra cac lop. Ma
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tran nham 1an duoc thé hién trong hinh 17. Trung binh m6 hinh dy doan ding 97.25%
bénh, s6 luong duong tinh gia trung binh 14 24.75%, sb lwong 4m tinh gia trung binh 1a
2.75%. Pay 1a két qua tdt, tuy nhién sb luong duong tinh gia con nhiéu.

FPS do dugc trén kich thude dau vao 640x640, trén may ciu hinh RTX 3050 voi
4GB VRAM la 54.3, thich hop dé chay thoi gian thuc, c6 do tré nhe voi video 60 FPS.

Confusion Matrix Normalized

1.0
brown_eye_spot
0.8
leaf_miner- 0.10
0.6
e
3
2 leaf _rust- 0.38
5 -
a
- 0.4
red_spider_mite - 0.04
-0.2
background - 0.06 0.01 0.04
| . | | , -0.0
o N + ] ©
(%)
a g 3 = =
0 = c S 3
GJI € U—I il =
| © [e)]
> u [ 9 ~
o o = Re) U
e & & 8
2 |
9 ©
8 g

True
Hinh 17. Ma tran nhim l4n thé hién mé hinh dw do4n véi @) chinh xic cao, c6 mot
phin nhé nhiam lin bénh véi nén.
4.4. Cay lita
Bo dit liéu gdm 6715 anh 14 lua tir Roboflow vé6i 3 bénh: bac 14, ddm nau, mudi
than. Ty 1 huan luyén: kiém dinh: danh gia 1a 90:6:4. Triéu ng ciia 3 bénh duoc mo ta

trong bang 10 kém minh hoa twong tng trong hinh 18. Dit liéu dugc ldy trong diéu kién
anh sang da dang.
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Mic di c6 su chénh léch vé sé lugng ddm bénh theo 16p (bang 11) nhung kich
thudc ddm bénh déu 16n (bang 12) ddn dén mo hinh dé hoc, d6 do khong chénh 1éch déng
ké.

(A) (B)

Hinh 18. Tri¢u chirng cac bénh 14 lda. (A) Bac 14; (B) Pém nau; (C) Muoi than.

Bang 10. Triéu chirng cac bénh 14 lha.

Bénh Triéu chirng

Bacla Cac vét dai mau nau nhat hoéc tréng

Bdm nau Céac vét mau nau ddm hodc den

Muoi than Céc vét mau trang det & hai dau, ria mau vang

Bang 11. S6 lwgng dom bénh trén tap dir liéu 14 lia.

Tap Huén luyén Kiém dinh Pinh gia
Bac l4 2907 185 125
Pbm nau 12667 719 606
Mudi than 6342 394 252

Bang 12. Kich thwéc dom bénh trén tip dir liéu 14 laa (pixel).

Tap Huén luyén Kiém dinh Panh gia
Bac la 314,63 274,32 255,01
Dém nau 47,67 49,96 46,12
Mudi than 110,41 103,34 108,72

Két qua cac do do khi sit dung YOLOV8 va YOLOvI3 trong bang 13 va 14.
YOLOVS tét hon & ca 2 chi s6 mAP50 va mAP50-95, dic biét 1a chi sé mAP50-95 phan
anh mirc d dinh vi chinh xac.
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V&i YOLOVS, hiu hét cac chi sé d do déu trén 0.9, ngoai trr mAP50-95 cua bénh
ddm nau, khong c6 su chénh Iéch dang ké vé do do gifra cac 16p. Ma tran nham 14n duoc
thé hién trong hinh 19. Trung binh m6 hinh du doan ding 98.33% bénh, $6 luong duong
tinh gia trung binh 1a 33.67%, sb lugng am tinh gia trung binh 1 1.33%. Tuong ty voi bo
dir liéu cdy ca phé, day 1a két qua tdt, tuy nhién sé luong duong tinh gia con nhiéu.

Béang 13. Cac d¢ do trén tap dir liéu 14 lua ctia YOLOVS.

Lép Do chinh xac Do phu mAP50 mAP50-95
Bac 1a 0,989 0,984 0,983 0,941

D6m nau 0,992 0,974 0,993 0,868
Mudi than 0,924 0,948 0,973 0,9

Trung binh 0,968 0,969 0,983 0,903

Bang 14. Cac do do trén tap dir liéu la lda caia YOLOv13.

Lép Do chinh xac b6 phu mAPS0 mAP50-95
Bac la 0,976 0,984 0,979 0,861
D6m nau 0,927 0,883 0,955 0,686
Mudi than 0,871 0,96 0,948 0,784
Trung binh 0,925 0,942 0,961 0,777

Confusion Matrix Normalized

Bacteria_Leaf Blight

0.8

Brown_Spot - 0.6

Predicted

0.4
Leaf_smut -

-0.2

background - 0.01 0.03

-0.0

_Blight -
Brown_Spot -
Leaf_smut -
background -

Bacteria_Leaf_Bli

Hinh 19. Ma trin nhim l4n cho thiy dd chinh xic cao trong dw doan kém mét phin
nhim lin giira bénh va nén.
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4.5. Cay che

B dir liéu 14 ché gbe 1dy tir Roboflow, duge chung toi chinh sira lai (loai 2 16p it
mau, hoan dbi tap kiém dinh va tap danh gia dé dam bao s anh tap kiém dinh nhiéu hon).
B0 dit li€u sau chinh stra gém 9579 anh 14 che véi mot 16p khoe manh va 5 16p bénh: thdi
den, gi sat, nhén do, bo mudi, ddm tréng. Ty 1€ huén luyén : kiém dinh : danh giala 76:16:8.
Tri¢u img cua 5 bénh dugc mo ta trong bang 15 kém minh hoa tuong rng trong hinh 20.
Dit liéu duoc 1y ¢ ngoai troi trong diéu kién sang vira phai.

Mic di c6 su chénh léch vé sé lugng ddm bénh theo 16p (bang 16) nhung kich
thude dém bénh déu 16n (bang 17) dan dén mo hinh d& hoc, d6 do khong chénh léch dang

(B) © (D) (E) (¥)

Hinh 20. Anh minh hoa 5 14 ché bénh va mét 14 ché khée manh. (A) Théi den; (B) Gi
sat; (C) Nhén do; (D) Khoe manh; (E) Bo mubdi; (F) Pém tréng.

Béang 15. Tri€u chirng cac bénh 14 che.

Bénh Triéu chirng

Théi den Céc ving xam, c6 mau gidng gidy bi chay

Gi sit Cac chdm nho mau tring c6 10p ria ngoai vang nhat, thuong gdm nhiéu chim nho
trén 14

Nhén do To nhén kém theo vét do (khac voi chdm den cua ca phé)

Bo mudi Céac dém tron mau den

DPbm tring Céc chdm nh6 mau tring, thuong gdm nhiéu chim nho trén 14

Bang 16. S6 lwgng dom bénh trén tap dir liéu 14 che.

Tap dir liéu Huén luyén Kiém dinh Panh gia
Théi den 92 30 6

Gi st 2749 616 20

Nhén d6 735 212 75

Khée manh 5501 1168 585

Bo mudi 299 71 57

DPbm tring 240 45 39
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Bang 17. Kich thwéc ddm bénh trén tip dir liéu 14 ché (pixel).

Tap dir liéu Huén luyén Kiém dinh Panh gia
Théi den 262,69 263,40 266,63
Gi sit 239,95 238,57 241,70
Nhén do 271,33 278,64 275,44
Khée manh 190,82 187,33 188,76
Bo mudi 311,41 319,37 315,36
DPbm tring 378,77 389,70 386,73

Két qua cac do do khi sit dung YOLOVS va YOLOvV13 dugc mo ta trong bang 18
va 19. Két qua cho thdy YOLOVS tét hon ¢ 2 chi sé mAP50 va mAP50-95, ngoai trir
mAP50-95 cuia 2 16p bénh thdi den va dém tring.

So véi 2 tap la lta va la ché, YOLOVS cho théy su sut gidm hiéu suit con YOLOv13
van hoc kha tét, khoang cach giita YOLOvVS va YOLOv13 di duoc thu hep dang ké. Voi
YOLOVS, ngoai trir chi s6 mAP50-95 danh gia d6 chinh xac khi d6 tring khdp cao thi cac
chi s6 con lai déu trén 0.9. Khong ¢ sy chénh 1éch dang ké vé d6 do giita cac 16p, mo

hinh hoc tét.

Ma tran nham 1n dugc thé hién trong hinh 21. Trung binh m6 hinh du doan ding
98.67% bénh, sd lurong duong tinh gia trung binh 13 16.67%, s lwong 4m tinh gia trung
binh 13 1.33%. Khac v6i bo dir liéu 14 ca phé va bo dir liéu 14 lua, day 1a két qua tét, sb

lugng duong tinh gia rét it.

Black rot of tea

Leaf rust of tea -

Red Spider infested tea leaf -

1 Mosquito bug infested leaf -

Tea leaf -

White spot of tea -

background -

Black rot of tea -

o
=1
5]

Leaf rust of tea -
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o
=1
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ider infested tea leaf -

on Matrix Normalized

o
o
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Tea leaf -

Jito bug infested leaf -
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background -
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-0.2

-0.0

Hinh 21.. Ma tran nham lin cho thiy du dodn ciia mé hinh c6 @6 chinh xic gan nhw

tuyét doi.
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Béang 18. Cac do do trén tap dir liéu la ché cia YOLOVS.

Lép Do chinh xac Do phu mAP50 mAP50-95
Thdi den 0,983 1 0,995 0,677
Gi sit 0,988 0,975 0,992 0,717
Nhén d6 0,977 0,906 0,986 0,794
Bo mudi 0,973 0,96 0,985 0,698
Khoe manh 0,994 1 0,995 0,906
DPbm tring 0,993 1 0,995 0,728
Trung binh 0,985 0,973 0,991 0,753

Bang 19. Cac dg do trén tap dir liéu la ché cua YOLOvV13.

Lép Do chinh xac Do phu mAPS0 mAPS50-95
Théi den 0,929 1 0,995 0,758

Gi sat 0,919 0,979 0,979 0,716
Nhén do 0,916 0,96 0,968 0,745

Bo mudi 0,989 0,969 0,979 0,672
Khoe manh 0,993 1 0,995 0,74

DPbm tring 0,997 0,923 0,945 0,762
Trung binh 0,957 0,972 0,977 0,732

4.6. Dién gidi két qud bang GradCAM va HiResCAM

Trong phan ndy, chung t6i tao heatmap cho tat ca cac du doan (khong tao riéng theo
tirng bénh) va danh gia chat luong 2 phuong phap giai thich theo 2 tiéu chi: dinh tinh va
dinh lvong. Qua thuc nghiém, viéc tao heatmap cho cac 16p (trong mo hinh, phan biét véi
16p bénh) khac nhau cho két qua rat khac nhau. Do d6, véi mdi phuong phép giai thich,
chung t6i chon ra nhitng 16p cho heatmap t6t nhat (ving nong trén heatmap nam trong
ving ground truth nhiéu nhét) dé danh gia. Lép t6i wu cho dinh luong 1a 16p cho heatmap
t6t nhat (do bang energy s& gidi thiéu sau), 3 16p toi wu cho dinh tinh vira phai cho heatmap
t6t, vira phai bao gdm 16p nong va 16p sau dé thé hién qué trinh thay d6i ving chi ¥ cua
mo hinh, thong s6 cu thé trong bang 20.

Bang 20. Lép toi wu cho dinh tinh va dinh lrong ciia 2 phwong phap dién giai.

Phuong phap Pinh tinh Pinh lwgng
GradCAM 3,9,18 18
HiResCAM 49,18 15
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Ngoai ra, dé heatmap khong bi cht y phan tan, chiing toi x6a heatmap & nhiing
ving c6 d6 cht ¥ thap (gia tri d xam trong heatmap nho hon 128). Céach 1am trén duoc
ap dung cho ca danh gia dinh tinh va dinh luong.

Két qua dinh tinh dugc truc quan hoéa trong cac hinh 22, 23 va 24 (két qua cua
GradCAM 1a 3 anh trén, HiResCAM 1a 3 anh dudi trong mdi hinh) trong d6 mo hinh chu
¥ nhiéu nhat vao viing mau do, tiép theo dén vang, dén xanh. Cac khung mau xanh 1a viing
mo hinh dy doan, cac khung mau nau la vung ddm bénh duogc gan nhan, con s6 trén dau
mdi khung 13 16p bénh. Mdi hinh thé hién qua trinh thay d6i ving cha ¥ ciia mé hinh khi
dién giai bang GradCAM va HiResCAM. Piém chung cta 2 phuong phap dién giai 1a
ving chu ¥ ¢6 ty 18 giao trén hop véi ving du doan 16n hon 0. Cang vé 16p cudi thi ty 18
nay thudng 16n hon. Véi cac 16p dau, mé hinh chi ¥ nhiéu vao mot sé diém bién canh.
Véi cac 16p gitta, md hinh mé rong khu vuc cha ¥. Véi cac 16p cudi, ving cha y dugc co
lai, tap trung vao cac ving du doan. Piéu nay chimg minh mé hinh biét nhin vao dung
vung, dg tin cdy dugc dam bao.

Piém khac 1a ving cha ¥ cia mo hinh khi dién giai bang GradCAM kém tap trung
vao ving du doan hon so véi HiResCAM. Khi dién giai bang GradCAM, mé hinh chua ¥
nhiéu hon nhung khong chat lugng. Do d6, vé mit dinh tinh, HiResCAM dién giai tot hon
so vo1 GradCAM.

(A)

(B)

Hinh 22. Heatmap trén dnh la ca phé: cac khung mau nau la ground truth, cac khung
mau xanh 13 dv do4n, sé trén mdi khung 13 16p bénh (s6 1 trong anh twong ng voi
bénh sau vé bua). (A) GradCAM; (B) HiResCAM.
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(A)

(B)

Hinh 23. Heatmap trén danh la lia dung: cac khung mau nau la ground truth, cac
khung mau xanh 13 dy do4n, s6 trén mdi khung la 16p bénh (sé 0 trong anh twong
urng véi bénh bac 14). (A) GradCAM; (B) HiResCAM.

A)
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(B)

Hinh 24. Heatmap trén anh la ché: cac khung mau nau la ground truth, cac khung
mau xanh 13 dy doan, sé trén mdi khung 13 16p bénh (s6 3 trong anh twong wng voi
bénh bo mudi). (A) GradCAM; (B) HiResCAM.

Tom lai, cac phén tich trén cho thAy mo hinh biét nhin ving dung ving (mic du
con phéan tan) nhung da gitip ngudi dung cudi va chuyén gia nong nghiép biét dugc mo
hinh cha ¥ vao dau trong qua trinh dua ra quyét dinh, qua d6 do tin cdy vé mit dinh tinh
dugc dam bao. Vé mat dinh luong, chung toi sir dung 2 d do 1a pointing game [29] va
energy [30].

P do pointing game xac dinh ving néng nhit trén heatmap c6 thudc ddi twong
quan tam khong, néu thudc thi tinh 1a Hit, nguoc lai 1a Miss. Tuy nhién, trong bai nay,
chung t6i sir dung HiResCAM sinh ra cho toan bo 16p (khong chi cho 1 16p cu thé). Do
d6, pointing game ciing dugc tinh cho toan bd 16p. Cu thé, chung t6i tinh pointing game
(PG) trén toan bd anh trong tap danh gia:

Hit
= Hit + Miss (22)

D6 do energy do nang luong heatmap trong ving ddi twong (ground truth) trén tong

nang lugng heatmap:

_ E(boxg) (23)
~ E(heatmap)
Tuong tu pointing game, d6 do nay duoc tinh trén toan bo 16p. Két qua 1a trung
binh chi s energy trén toan bd anh trong tap danh gia.
Bang 21 thé hién d6 do pointing game va energy cho 3 bd dit liéu: 14 ca phé, 14 lua,
14 ché. Ca hai chi s6 khi dién giai bang GradCAM déu thap hon HiResCAM chimg t6
heatmap tao bang HiResCAM cho ving chii y tt hon, tap trung hon nhu da phéan tich &
phan dinh tinh.
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Béang 21. D¢ do pointing game, energy cho 2 phwong phap giai thich véi tirng b dir
liéu: HiResCAM cho két qua tot hon.

Do do Phwong phap Ca phé Luaa Che Trung binh
Pointing GradCAM 0,28 0,29 0,23 0,27
game (PG) HiResCAM 0,89 0,94 0,83 0,89
GradCAM 0,17 0,22 0,20 0,20
Energy (E)
HiResCAM 0,82 0,93 0,82 0,86

Két qua 2 d6 do pointing game, energy khi dién giai bang HiResCAM dat 0.89 va
0.86 (rat cao) da chiing minh d tin cdy khi dién giai m6 hinh bang phuong phép nay.
Ngoai ra, cic chi sé do do khi dién giai (pointing game, energy) ciing phan anh dung chi
s6 46 do mAP50-95 khi phat hién dém bénh (ty 1¢ thuan), cu thé 13 mé hinh hoc tot nhat
trén tap 14 I4a, 1a ca phé, cudi cung 14 tap 14 che.
5. Két luan

Nghién ctru nay da giai quyét bai toan phat hién bénh ty dong trén 14 cdy trong
chién luoc tai Viét Nam. Dé ddi pho voi céac thach thire thuc tién nhu sy da dang vé dém
bénh, bbi canh phtic tap va diéu kién chup anh khong dong nhat. Chung toi da dé xuat,
huén luyén va danh gia mot moé hinh dya trén kién trac YOLOvS. M6 hinh d3 dat duoc
hiéu suét vuot troi trén ba bo dit liéu cay tréng, céc chi s6 trung binh mAP50 cao va nhét
quan: 0,984 trén ciy ca phé, 0,983 trén cay lta va 0,991 trén cay ché. Pong thoi, ching
toi da thir nghiém va khdm pha ra k¥ thudt ting cudng mosaic giip moé hinh hoc dugc cac
dac trung manh mé& hon. Bén canh do, ton tai khoang cach hiéu suit gitta kha nang nhan
dién (mAP50) va kha nang dinh vi chinh xdc (mAP50-95) trén 14 ca phé véi cac bénh
“dbm mat nau” va “gi sat” 1an luot 12 (0,978-0,795) va (0,988-0,869). Thém vio do6, phan
tich bang Grad-CAM, HiResCAM cho thdy, mo hinh c6 kha ning dién giai va tap trung
vao dung ving bénh, su chu ¥ d6i khi con phén tan, 1y giai cho su sut giam hiéu suit & cac
d6 do yéu cau d6 chinh xac khoanh ving cao. Két qua thyc nghiém cho thay ring YOLOVS
cho két qua tot hon YOLOV13 trén cac bo dir liéu thuc nghiém. YOLOVS 1a phién ban
thuong dugc s dung vi tinh on dinh, duoc toi vu hoa tdt. Chuing t6i chon kién trac nay vi
cac chi s6 do do trén bo dit liéu thuc nghiém tot va kha nang trién khai trén nhiéu thiét bi.

Tuy nhién, nghién ctru van con mot sd gi61 han, chu yéu 1a kha nang dinh vi chinh
xac cac vét bénh rat nho va ban chat “hop den” chua dugc giai quyét rd rang. Cac hudng
phat trién trong twong lai tap trung vao viéc toi uu hoa kién triic dé cai thién kha nang phat
hién dbi trong nho, ddng thoi nghién ciru cac phwong phap giam nhe mo hinh, cho phép
trién khai hiéu qua trén cac thiét bi di dong c6 tai nguyén han ché.
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